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Aims and Scope: Cell Journal (Yakhteh) is a quarterly English publication of Royan Institute of Iran. The aim of the journal is to disseminate 
information through publishing the most recent scientific research studies on exclusively Cellular, Molecular and other related topics. Cell 
J, has been certified by Ministry of Culture and Islamic Guidance since 1999 and also accredited as a scientific and research journal by HBI 
(Health and Biomedical Information) Journal Accreditation Commission since 2000. This journal holds the membership of the Com-
mittee on Publication Ethics (COPE).

1. Types of articles 

The articles in the field of Fertility and Sterility can be considered for publications in Cell J. These articles are as below: 

A. Original articles are scientific reports of the original research studies. The article consists of English Abstract (structured), Introduction, 
Materials and Methods, Results, Discussion, Conclusion, Acknowledgements, Author’s Contributions, and References (Up to 40). 

B. Review articles are the articles written by well experienced authors and those who have excellence in the related fields. The correspond-
ing author of the review article must be one of the authors of at least three published articles appearing in the references. The review article 
consists of English Abstract (unstructured), Introduction, Conclusion, Author’s Contributions, and References (Up to 70).

C. Systematic Reviews 

Systematic reviews are a type of literature review that collect and critically analyzes multiple research studies or papers. The Systematic reviews 
consist of English Abstract (unstructured), Introduction, Materials and Methods, Results, Discussion, Conclusion, Acknowledgements, Author’s 
Contributions, and References (Up to 70). 

D. Short communications are the articles containing new findings. Submissions should be brief reports of ongoing researches. The short 
communication consists of English Abstract (unstructured), the body of the manuscript (should not hold heading or subheading), Acknowl-
edgements, Author’s Contributions, and References (Up to 30). 

E. Case reports are short discussions of a case or case series with unique features not previously described which make an important teaching 
point or scientific observation. They may describe novel techniques or use equipment, or new information on diseases of importance. 
It consists of English Abstracts (Unstructured), Introduction, Case Report, Discussion, Acknowledgements, Author’s Contributions, and 
References (Up to 30). 

F. Editorial should be written by either the editor in chief or the editorial board.

G. Imaging in biology should focus on a single case with an interesting illustration such as a photograph, histological specimen or inves-
tigation. Color images are welcomed. The text should be brief and informative. 

H. Letter to the editors are welcome in response to previously published Cell J articles, and may also include interesting cases that do not 
meet the requirement of being truly exceptional, as well as other brief technical or clinical notes of general interest. 

I. Debate.

2. Submission Process

It is recommended to see the guidelines for reporting different kinds of manuscripts here. This guide explains how to prepare the manuscript 
for submission. Before submitting, we suggest authors familiarize themselves with Cell J format and content by reading the journal via 
website (www.celljournal.org). The corresponding author ensures that all authors are included in the author list and agree with its order, and 
they must be aware of the manuscript submission.

A. Author contributions statements

It is essential for authors to include a statement of responsibility in the manuscript that specifies the contribution of every one of them. 
This participation must include conception and design of the manuscript, data acquisition or data analysis and interpretation, drafting of the 
manuscript and/or revising it for critically important intellectual content, revision and final approval of the manuscript and statistical analy-
sis, obtaining funding, administrative, technical, or material support, or supervision. Authors who do not meet the above criteria should be 
acknowledged in the Acknowledgements Section.

B. Cover letter 

Each article should be accompanied by a cover letter, signed by all authors specifying the following statement: "The manuscript has been 
seen and approved by all authors and is not under active consideration for publication. It has neither been accepted for publication nor 
published in another journal fully or partially (except in abstract form). I hereby assign the copyright of the enclosed manuscript to Cell J. 
Corresponding author must confirm the proof of the manuscript before online publishing. Also, is it needed to suggest three peer reviewers 
in the field of their manuscript.

C. Manuscript preparation

Authors whose first language is not English encouraged to consult a native English speaker in order to confirm his manuscripts to US or 
British (not a mixture) English usage and grammar. The manuscript should be prepared in accordance with the "International Committee 
of Medical Journal Editors (ICMJE)". Please send your manuscript in two formats (word and Pdf). The abstract and text pages should have 
consecutive line numbers in the left margin beginning with title page and continuing through the last page of the written text. Each abbre-
viation must be defined in the abstract and text when they are mentioned for the first time. Avoid using abbreviation in title. Please use the 



international and standard abbreviations and symbols.

It should be added that an essential step toward the integration and linking of scientific information reported in published literature is using 
standardized nomenclature in all fields of science and medicine. Species names must be italicized (e.g., Homo sapiens) and also the full 
genus and species written out in full, both in the title of the manuscript and at the first mention of an organism in a paper. 

It is necessary to mention that genes, mutations, genotypes, and alleles must be indicated in italics. Please use the recommended name by 
consulting the appropriate genetic nomenclature database, e.g., HUGO for human genes. In another words; if it is a human gene, you must 
write all the letters in capital and italic (e.g., OCT4, c-MYC). If not, only write the first letter in capital and italic (e.g., Oct4, c-Myc). In 
addition, protein designations are the same as the gene symbol but are not italicized.

Of note, Cell J will only consider publishing genetic association study papers that are novel and statistically robust. Authors are advised to 
adhere to the recommendations outlined in the STREGA statement (http://www.strega-statement.org). The following criteria must be met 
for all submissions:

1. Hardy-Weinberg Equilibrium (HWE) calculations must be carried out and reported along with the P-values if applicable [see Nami-
pashaki et al. 2015 (Cell J, Vol 17, N 2, Pages: 187-192) for a discussion].

2. Linkage disequilibrium (LD) structure between SNPs (if multiple SNPs are reported) must be presented.

3. Appropriate multiple testing correction (if multiple independent SNPs are reported) must be included.

Submissions that fail to meet the above criteria will be rejected before being sent out for review.

Each of the following manuscript components should begin in the following sequence:

Authors’ names and order of them must be carefully considered (full name(s), highest awarded academic degree(s), email(s), and institu-
tional affiliation(s) of all the authors in English. Also, you must send mobile number and full postal address of the corresponding author). 

Changes to Authorship such as addition, deletion or rearrangement of author names must be made only before the manuscript has been 
accepted in the case of approving by the journal editor. In this case, the corresponding author must explain the reason of changing and 
confirm them (which has been signed by all authors of the manuscript). If the manuscript has already been published in an online issue, an 
erratum is needed.

Title is providing the full title of the research (do not use abbreviations in title).

Running title is providing a maximum of 7 words (no more than 50 characters).

Abstract must include Background, Materials and Methods, Results, and Conclusion (no more than 300 words).

Keywords, three to five, must be supplied by the authors at the foot of the abstract chosen from the Medical Subject Heading (MeSH). 
Therefore; they must be specific and relevant to the paper.

The following components should be identified after the abstract:

Introduction: The Introduction should provide a brief background to the subject of the paper, explain the importance of the study, and state 
a precise study question or purpose.

Materials and Methods: It includes the exact methods or observations of experiments. If an apparatus is used, its manufacturer’s name and 
address should be stipulated in parenthesis. If the method is established, give reference but if the method is new, give enough information 
so that another author can perform it. If a drug is used, its generic name, dose, and route of administration must be given. Standard units of 
measurements and chemical symbols of elements do not need to be defined. 
Statistical analysis: Type of study and statistical methods should be mentioned and specified by any general computer program used. 

Ethical considerations: Please state that informed consent was obtained from all human adult participants and from the parents or legal 
guardians of minors and include the name of the appropriate institutional review board that approved the project. It is necessary to indicate 
in the text that the maintenance and care of experimental animals complies with National Institutes of Health guidelines for the humane use 
of laboratory animals, or those of your Institute or agency. 

Clinical trial registration: All of the Clinical Trials performing in Iran must be registered in Iranian Registry of Clinical Trials (www.
irct.ir). The clinical trials performed abroad, could be considered for publication if they register in a registration site approved by WHO or 
www.clinicaltrials.gov. If you are reporting phase II or phase III randomized controlled trials, you must refer to the CONSORT Statement 
for recommendations to facilitate the complete and transparent reporting of trial findings. Reports that do not conform to the CONSORT 
guidelines may need to be revised before peer reviewing.

Results: They must be presented in the form of text, tables, and figures. Take care that the text does not repeat data that are presented 
in tables and/or figures. Only emphasize and summarize the essential features of the main results. Tables and figures must be numbered 
consecutively as appeared in the text and should be organized in separate pages at the end of article while their location should be mentioned 
in the main text. 

Tables and figures: Tables should have a short descriptive heading above them and also any footnotes. Figure’s legend should contain a 
brief title for the whole figure and continue with a short explanation of each part and also the symbols used (no more than 100 words). All 
figures must be prepared based on cell journal’s guideline in color (no more than 6 Figures and Tables) and also in GIF or JPEG format 
with 300 dpi resolutions.

Supplementary materials would be published on the online version of the journal. This material is important to the understanding 



and interpretation of the report and should not repeat material within the print article. The amount of supplementary material should be 
limited. Supplementary material should be original and not previously published and will undergo editorial and peer review with the main 
manuscript. Also, they must be cited in the manuscript text in parentheses, in a similar way as when citing a figure or a table. Provide a 
legend for each supplementary material submitted.

Discussion: It should emphasize the present findings and the variations or similarities with other researches done by other researchers. The 
detailed results should not be repeated in the discussion again. It must emphasize the new and important aspects of the study. 

Conclusion: It emphasizes the new and important aspects of the study. All conclusions are justified by the results of the study. 

Acknowledgements: This part includes a statement thanking those who contributed substantially with work relevant to the study but does 
not have authorship criteria. It includes those who provided technical help, writing assistance and name of departments that provided only 
general support. You must mention financial support in the study. Otherwise; write this sentence "There is no financial support in this study". 

Conflict of Interest: Any conflict of interest (financial or otherwise) and sources of financial support must be listed in the Acknowledge-
ments. It includes providers of supplies and services from a commercial organization. Any commercial affiliation must be disclosed, regard-
less of providing the funding or not. 

References: The references must be written based on the Vancouver style. Thus the references are cited numerically in the text and listed in 
the bibliography by the order of their appearance. The titles of journals must be abbreviated according to the style used in the list of Journals 
Indexed in PubMed. Write surname and initials of all authors when there are six or less. In the case of seven or more authors, the names of 
first six authors followed by "et al." must be listed. The reference of information must be based on the following order:

Article:

Surname(s) and first letter of name & middle name(s) of author(s). Manuscript title. Journal title (abbr).publication date (year); Volume

(Issue): Page number.

Example: Manicardi GC, Bianchi PG, Pantano S, Azzoni P, Bizzaro D, Bianchi U, et al. Presence of endogenous nicks in DNA of ejaculated 
human spermatozoa and its relationship to chromomycin A3 accessibility. Biol Reprod. 1995; 52(4): 864-867.

Book:

Surname(s) and first letter of name & middle name(s) of author(s). Book title. Edition. Publication place: publisher name; publication date 
(year); Page number.

Example: Edelman CL, Mandle CL. Health promotion throughout the life span. 2nd ed.ST Louis: Mosby; 1998; 145-163.

Chapter of book:

Surname(s) and first letter of name & middle name(s) of author(s). Chapter title. In: Surname(s) and first letter of name &middle name(s) 
of editor(s), editors. Book title. Edition. Publication place: publisher name; publication date (year); Page number.

Example: Phillips SJ, Whisnant JP. Hypertension and stroke. In: Laragh JH, Brenner BM, editors. Hypertension: pathophysiology, diagno-
sis, and management. 2nd ed. New York: Raven Press; 1995; 465-478.

Abstract book:

Example: Nabavi SM. Stem cell therapy for multiple sclerosis. Cell J. 2013; 5 Suppl 1: Os-13.

Thesis:

Name of author. Thesis title. Degree. City name. University. Publication date (year).

Example: Eftekhari Yazdi P. Comparison of fragment removal and co-culture with Vero cell monolayer’s on development of human frag-
mented embryos. Presented for the Ph.D., Tehran. Tarbiyat Modarres University. 2004.

Internet References

Article:

Surname(s) and first letter of name & middle name(s) of author(s). Manuscript title. Journal title (abbr). Publication date (year); Volume 
(Issue): Page number. Available from: URL link. (Observation date).

Example: Jahanshahi A, Mirnajafi-Zadeh J, Javan M, Mohammad-Zadeh M, Rohani M. Effect of low-frequency stimulation on adenosineA1 
and A2A receptors gene expression in dentate gyrus of perforant path kindled rats. Cell J. 2008; 10 (2): 87-92. Available from: http://www.
celljournal.org. (20 Oct 2008). 

Book:

Example: Anderson SC, Poulsen KB. Anderson’s electronic atlas of hematology.[CD-ROM]. Philadelphia: Lippincott Williams & Wilkins; 2002. 

Law:

Example: Embryo donation law. Iran Judicature, Official Gazette of the Islamic Republic of Iran. Available from: http://www.dastour.ir/
Brows/?lid=245069.(20 Jul 2013).



D. Proofs are sent by email as PDF files and should be checked and returned within 72 hours of receipt. It is the authors’ responsibility to 
check that all the text and data as contained in the page proofs are correct and suitable for publication. We are requested to pay particular 
attention to author’s names and affiliations as it is essential that these details be accurate when the article is published. 

E. Pay for publication: Authors do not have to pay any Manuscript Processing Charge or Open Access Publication Fee. Before publish-
ing author’s article, it would be the author’s responsibility to pay for the expenses, if the editor feels the level of English used in the 
manuscript requires editing. 

F. Ethics of scientific publication: Manuscripts that have been published elsewhere with the same intellectual material will refer to dupli-
cate publication. If authors have used their own previously published work or work that is currently under review, as the basis for a submit-
ted manuscript, they are required to cite the previous work and indicate how their submitted manuscript offers novel contributions beyond 
those of the previous work. Research and publication misconduct is considered a serious breach of ethics. The Journal systematically 
employs iThenticate, a plagiarism detection and prevention software designed to ensure the originality of written work before publication.

Plagiarism of text from a previously published manuscript by the same or another author is a serious publication offence. Some parts of text 
may be used, only where the source of the quoted material is clearly acknowledged. 

3. General information 

A. You can send your article via online submission system which is available at our website: http://www.celljournal.org. If the article is 
not prepared according to the format of Cell J, it will be returned to authors. 

B. The order of article appearance in the Journal is not demonstrating the scientific characters of the authors.

C. Cell J has authority to accept or reject the articles.

D. The received articles will be evaluated by one epidemiologist. Then associate editor will determine its reviewers. If three reviewers pass 
their judgments on the article, it will be presented to the editorial board of Cell J. If the editorial board has a positive judgment about the 
article, reviewers’ comments will be presented to the corresponding author (the identification of the reviewers will not be revealed). The 
executive member of journal will contact the corresponding author directly within 7-8 weeks by email. If authors do not receive any reply 
from journal office after the specified time, they can contact journal office. Executive manager will respond promptly to authors’ message.

The Final Checklist 

The authors must ensure that before submitting the manuscript for publication, they have to consider the following parts:

1. Title page should contain title, name of the author/coauthors, their academic qualifications, designation & institutions they are affiliated 
with, mailing address for future correspondence, email address, phone, and fax number.

2. Text of manuscript and References prepared as stated in the "guide for authors" section.

3. Tables should be in a separate page. Figures must be sent in color and also in GIF or JPEG format with 300 dpi resolutions.

4. Covering Letter.
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Abstract
Objective: The unfavorable effects of electromagnetic radiation (EMR) emitted by the cell phone on reproduction 
health are controversial. Metalloproteinases play a vital role in ovarian follicle development. This study was designed 
to investigate the effects of exposure to the cell phone on the gelatinolytic activity of in vitro cultured mouse pre-antral 
follicle.  
Materials and Methods: In this experimental study, pre-antral follicles were isolated from ovaries of immature mice 
(n=16) and cultured with or without exposure to the cell phone in talking mode for 60 minutes. The gelatinolytic activity 
was evaluated through the zymography method, as well as the gene expression of matrix metalloproteinases (MMPs) 
namely MMP-2 and -9 and tissue inhibitors of metalloproteinases (TIMPs) namely, TIMP-1 and -2 by the real-time 
polymerase chain reaction (PCR) method. Also, in parallel, the development of pre-antral follicles was assessed.            
Results: The maturation parameters of the cell phone-exposed pre-antral follicles were significantly lower compared 
with the control group (P<0.05). The gelatinolytic activity was significantly decreased in the cell phone-exposed pre-
antral follicles compared with the control group (P<0.05). The relative mRNA expression of the MMP-2 gene was 
significantly (P<0.05) increased in the cell phone-exposed pre-antral follicles whereas the expression rate of the MMP-9 
gene was considerably (P<0.05) reduced when compared with the control group. Conversely, the relative expression 
of the TIMP-1 was markedly (P<0.05) increased in the cell phone-exposed pre-antral follicles while the expression of 
the TIMP-2 was (P<0.05) significantly diminished in comparison with the control group.                     
Conclusion: Exposure to the cell phone alters the growth and maturation rate of murine ovarian follicle through the changing 
in the expression of the MMP-2 and -9 genes, as well as the gelatinolytic activity. 
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Introduction

Nowadays, the usage of mobile phone and exposure to 
its electromagnetic radiation (EMR) raised some concerns 
about the dangerous effects on health. EMR affect the cells 
and organs through thermal and non-thermal mechanisms 
(1). However, there are some controversial reports, 
indicating EMR may increase the free radical production, 
mitochondrial dysfunction, heat shock proteins, apoptosis, 
and DNA damage (2-5). Besides, EMR may target the 
plasma membrane and disturb various enzymatic activities 
and the receptor functions (6). It is also shown that 
exposure to EMR increases the NADH oxidase activity 
of the plasma membrane which subsequently changes 
the activation of matrix metalloproteinase (MMPs) (7)
b¿. The interaction of  MMPs and tissue inhibitor of 
metalloproteinases (TIMPs) regulates the extracellular 
matrix (ECM) remodeling in many physiological 
processes (8) which could subsequently maintain cellular 
homeostasis (9). 

The development of ovarian follicle is accompanied 

by immense cellular turnover and remodeling of ovarian 
tissue. The essential part of this remodeling is the 
modification of the ECM constituents and provision 
of the structural support for the follicle formation and 
maturation. Among MMPs, gelatinase A (MMP-2) and 
B (MMP-9) play significant roles in follicle development 
and ovulation (10). Furthermore, TIMP-1 and TIMP-2 
bind to MMP-9 and MMP-2, respectively, and regulate 
their activations. TIMP-1 regulates the rate of proteolysis 
within the granulosa cells through the ovulatory process. 
By contrast, TIMP-2, in the thecal cells, promotes the 
proteolysis process via the localization of pro-gelatinase 
A on the cell surface which may be used as biomarkers of 
the normal follicle development (10, 11).

There is limited information about the effect of EMR, 
emitted from the cell phone on female reproductive 
tissue. However, no report is available about the effect of 
EMR on different aspects of folliculogenesis. The present 
study aimed to investigate whether exposure to cell phone 
radiation affects the gelatinolytic activity of MMP-2 and 
MMP-9, as well as the mRNA expression of MMP-2 and 
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-9 along with their inhibitors TIMP-1 and -2 in mouse 
pre-antral follicles during in vitro culture.

Materials and Methods
Reagents

Unless otherwise specified, all reagents and chemical 
were obtained from Sigma Aldrich (UK). Water 
used for the preparation of the culture medium was 
purified by the Milli-Q system.

Animals
In this experimental study, all experiments were 

conducted using female Naval Medical Research 
Institute (NMRI) mice which were obtained from the 
Razi Vaccine and Serum Research Institute. Female 
offspring with age range of 14-16 days was used for 
all experiments. Animal experiments were performed 
based on the ethical principles of the Declaration of 
Helsinki as revised in Tokyo 2004 and was approved 
by the Ethics Committee of Damghan University. 
The animals were kept and bred under the standard 
conditions with a circadian rhythm of 12 hours 
of light/12 hours of darkness and at an ambient 
temperature of 22 ± 2˚C with adequate food and water. 

Experimental design 
Mice were sacrificed through cervical dislocation, 

and their ovarian tissues were aseptically removed 
using scissors and forceps and put into 100 µl of 
the alpha-minimum essential medium (α-MEM) 
containing 25 mM HEPES,  70 µg/mL streptomycin, 
100 IU/ml penicillin, 10%  fetal bovine serum (FBS, 
Gibco, UK), and 2.2 g/l sodium bicarbonate. The pre-
antral follicles with the diameter of 140-160 μm were 
mechanically isolated and selected based on the 
previously described criteria (intact with at least two 
to three granulosa cell layers and a centrally located 
oocyte) (12). The pre-antral follicles were randomly 
grouped into control (n=240) and cell phone-exposed 
groups (n=240). Exposed pre-antral follicles were kept 
in close to the commercial cell phone (Sony Ericsson 
K800) in the talking mode at 5 cm distance for 60 
minutes. After that, the cell phone was removed, and 
pre-antral follicles were cultured for up to 12 days. 
The same protocols were applied for the control group 
except they were not exposed to the cell phone radiation. 
Some of the cultured pre-antral follicles were used for 
the assessment of the growth rate, and the remained 
cells were used for the molecular analyses.

In vitro maturation of pre-antral follicles

Cultivation of pre-antral follicles were performed 
in which the cells were covered with embryo-tested 
mineral oil in 25-µL drops of the α-MEM medium 
containing 100 mU/ml recombinant human follicle 
stimulating hormone (rhFSH), 5% FBS, 20 ng/ml 

recombinant epidermal growth factor (rEGF), and 1% 
insulin-transferring-selenium (ITS), in an incubator at 
37˚C in 5% CO2 for 10 days, as previously described 
(12). The fresh maturation medium was replaced every 
two days. During the cultivation period, pre-antral 
follicles diameter was calculated under an inverted 
microscope at ×400 magnification by calculating the 
average of two perpendicular diameters with a pre-
calibrated ocular micrometer in 2nd and 4th days of 
the culture period. The antrum cavity was defined 
as every lucent area between the granulosa cells and 
degenerated pre-antral follicles were detected with the 
darkness surrounding the cumulus cells and follicles 
without oocytes or denuded oocytes. In the 10th days 
of the cultivation period, ovulation was induced by the 
addition of 1.5 IU/ml human chorionic gonadotropin 
(hCG, Choriomon, IBSA, Switzerland). After 24-
48 hours, oocytes were categorized based on the 
maturation status [germinal vesicle (GV), germinal 
vesicle breakdown (GVBD), and metaphase II oocytes 
(MII)]. 

Gelatin zymography

The gelatinase activity of MMP-2 and -9 was 
assessed using zymography on polyacrylamide gels 
containing gelatin, as described previously with 
some modifications (13). An equal amount of the 
culture medium was harvested during the culture 
period (days of 2, 4, 6, 8, 10, and 12). The medium 
was mixed and homogenized with an equal volume of 
non-reducing buffer containing 2% sodium dodecyl 
sulfate (SDS); Tris-HCl, (125 mM, pH=6.8), glycerol 
(10% v/v), and bromophenol blue (0.001% v/v). 
Afterward, the mixture was electrophoresed in 10% 
SDS page supplemented with gelatin (0.05% w/v). 
The gel was then washed twice in  Triton X-100 (2%) 
for 20 minutes at room temperature and incubated 
in digestion buffer supplemented with Tris-HCl (50 
mM),  CaCl2 (2.5 mM,) NaCl (200 mM), and ZnCl2 (1 
mM) in pH=7.4 at 37˚C overnight. Finally, the gel was 
stained with 0.5% Coomassie Brilliant Blue (Bio-Rad, 
Canada), and the destaining process was performed in 
glacial acetic acid (10% v/v) and methanol (30% v/v) 
dissolved in H2O for five hours at room temperate. 
The gelatinase activity was characterized based on 
unstained bands, and the quantification was performed 
using a computerized image analysis program (Image 
J) which, in turn, quantified the intensity and surface 
of unstained bands. 

Reverse transcription-quantitative polymerase chain 
reaction 

Real-time polymerase chain reaction (PCR) was 
performed to evaluate the relative mRNA expressions of 
the MMP-2 and -9 genes, as well as the TIMP-1 and -2 
genes in pre-antral follicles during the cultivation period 
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at the initial time and days of 6 and 12. 

RNA extraction
Total RNA extraction was carried out, as described 

previously on the basis of using acid guanidinium 
thiocyanate-phenol-chloroform (14, 15). In brief, 
pre-antral follicles (n=15 for each replicate) were 
placed in a 500 µl solution consisted of guanidine 
thiocyanate (4 M), sodium citrate (25 mM, pH=7.0), 
N-lauroylsarcosine (0.5% w/v), and 2-Mercaptoethanol 
(3.6 µl), and it was homogenized at room temperature. 
The homogenate was mixed with sodium acetate 
(50 µl), phenol (500 µl), and chloroform (200 µl) 
at 4˚C and centrifuged at 12,000 g at 4˚C for 20 
minutes. Cold isopropanol was added to the resultant 
supernatants and placed at -20˚C for 20 minutes and 
centrifuged (12,000 g) for 20 minutes. The resultant 
pellet was rinsed with 75% ethanol and diluted in 
RNase-free water. DNase was used to remove any 
DNA contamination. The RNA quality and quantity 
were evaluated using a density ratio of 28S to 18S 
rRNA bands and the measurement of its absorbance at 
A260 nm with the spectrophotometer. An A260 of 1.0 
was considered 40 µg/mL of the extracted RNA. Also, 
the ratio of A260 to A280 nm was measured, and the 
samples with an A260 to A280 ratio of 1.8 to 2.0 were 
acceptable and used for reverse transcription.

Real-time polymerase chain reaction
The gene-specific primer sets were designed to 

span introns or cross exon/exon junctions, using the 
Oligo software version 7 (DBA Oligo, Inc., USA). 
All primer pairs were specific for the corresponding 
mRNAs and were tested for no amplification of 
genomic DNA. The contamination of genomic DNA 

in the sample was evaluated by performing a control 
reaction possessing no reverse transcribed RNA. Real-
time PCR primer sequences and the thermal conditions 
are shown in Table 1, based on the MIQE (Minimum 
Information for Publication of Quantitative Real-Time 
RT-PCR Experiments) (16). The process of reverse 
transcription was accomplished by the synthesis of the  
first-strand cDNA using 1 μg of total RNA, Random 
Hexamer Primers (Fermentas, USA), Ribolock RNase 
Inhibitor, dNTP mix (Fermentas, USA), RevertAid 
M-Mul V reverse transcriptase (Fermentas, USA), 5X 
reaction buffer (Fermentas, USA), and RNase-free 
water according to the manufacturer’s instructions. 
The reaction was run in a thermocycler (Eppendorf, 
USA) with a thermal profile of 65˚C for 5 minutes 
and one cycle of 42˚C for 1 hour. Real-time RT-qPCR 
was performed on an ABI Step One machine (Applied 
Biosystems, ABI, USA) using the RT-PCR Kit (SYBR 
Green, Amplicon, Denmark).

The thermal profile was adjusted to denaturation at 95˚C 
for 15 minutes, followed by 40 cycles of denaturation at 
95˚C for 60 seconds, annealing and extension at 60˚C for 
60 seconds. The relative expression of the target genes 
was normalized against GAPDH. The 2–ΔΔCt method was 
used to assess the relative gene expression for each gene. 
The specificity of real-time PCR was assessed through the 
melting curve analysis.

Statistical analysis 
The SPSS software (version 24, Chicago, IL, USA) 

was used for the analysis of the data. Experiments were 
repeated at least four times. All data were expressed as 
the mean ± SD.  Independent samples t test was applied 
for the determination of differences between groups. A 
P<0.05 was considered statistically significant.

Table 1: Oligonucleotide primer sequences for real time polymerase chain reaction

Gene Primer sequence (5ˊ-3ˊ) Length (bp) Product size

MMP9 F: CTGTCCAGACCAAGGGTACAG 20 247

R: CATAGTGGGAGGTGCTGTCG 21

MMP2 F: GAGAAGGACAAGTGGTCCGC 20 265

R: CTGTTGTAGGAGGTGCCCTG 20

TIMP1 F: GGGTGTGCACAGTGTTTCCC 22 202

R: TTCAGTTTTTCCTGGGGGAAGG 20

TIMP2 F: GCAGACGTAGTGATCAGAGCC 20 281

R: TCCCAGGGCACAATGAAGTC 21

GAPDH F: TGACATCAAGAAGGTGGTGAAGC 22 203

R: CCCTGTTGCTGTAGCCGTATTC 23



          Cell J, Vol 22, No 1, April-June (Spring) 2020 4

Cell Phone Radiation Change The Activity of Gelatinase

Results

Effect of electromagnetic radiation on the maturation 
parameters of pre-antral follicles

Pre-antral follicles were monitored and evaluated 
morphologically every other day during the in vitro 
culture period. On the first day of the culture, there 
was no significant difference between the diameter of 
pre-antral follicles in the control group and the cell 
phone-exposed group (P>0.05, Fig.1). Whereas, at 
day 2 and 4 of the culture period, the diameter of the 
cultured pre-antral follicle in the cell phone-exposed 
group was significantly decreased compared with the 
control group (P<0.05, Fig.1).

Additionally, the results revealed that the survival 
rate of follicles was significantly higher in the control 
group compared with the cell phone-exposed group 
(P<0.05, Fig.2). The antral formation rate of cultured 
pre-antral follicles in the cell phone-exposed group 
was significantly decreased compared with the control 
group (P<0.05, Fig.2). After 12 days of the culture 
period and induction of ovulation, the rate of ovulation 
in pre-antral follicle exposed to the cell phone was 
statistically decreased in comparison with the control 
group (P<0.05, Fig.2). Also, the rates of MII and 
GVBD oocytes were significantly lower in the cell 
phone-exposed group than the control group (P<0.05, 
Fig.3), while, the GV rate of the cell phone-exposed 
group was increased significantly compared with the 
control group (P<0.05, Fig.3). 

Fig.1: The diameter of pre-antral follicles at the initial time, days 2 and 4 of 
culturing. Data are expressed as the mean ± SD. *; Indicates a significant 
difference compared with the control (P<0.05). 

Fig.2: The rate of developmental parameters of pre-antral follicles. Data 
are expressed as the mean ± SD.  *; Indicates a significant difference 
compared with the control (P<0.05). 

Fig.3: The rates of the oocyte maturation. Data are expressed as the 
mean ± SD. *; Indicates a significant difference compared with control 
(P<0.05), GV; Germinal vesicle, GVBD; Germinal vesicle breakdown, and 
MII; Metaphase II oocytes.

Effect of electromagnetic radiation on the gelatinase 
activity of pre-antral follicles 

The gelatinase activity of both MMP-2 and -9 was evaluated 
in cultured pre-antral follicles through gelatin zymography. 
The gelatin activity of both MMP-2 and -9 was decreased 
during the culture period in pre-antral follicles of the control 
and cell phone-exposed groups, whereas in the 12th days of the 
culture period, the activity was increased upon the addition of 
human chorion gonadotrophin (hCG) to the culture medium 
(P<0.05, Fig.4). Additionally, as shown in Figure 5, it was 
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found that the MMP-2 activity in the pre-antral follicles 
of the cell phone-exposed group was significantly lower 
in comparison with the control group (P<0.05). Similar 
conditions were found for the MMP-9 activity, and thus, the 
activity of MMP-9 in pre-antral follicles of the cell phone-
exposed was significantly lower than the control group during 
culture period (P< 0.05, Fig.4).

Effect of electromagnetic radiation on the gene 
expression of MMP-2 and -9, as well as TIMP-1 and -2 

The expression of the MMP-2 and -9, as well as the 
TIMP-1 and -2 genes are shown in Figure 5. The results 
show that the gene expression of the MMP-2 gene was 

significantly increased in pre-antral follicles of the cell phone-
exposed group compared with the control group during 
in vitro culture (P<0.05). Inversely, the gene expression of 
the MMP-9 gene was markedly decreased in pre-antral 
follicles of the cell phone-exposed group compared with the 
control group during in vitro culture. Furthermore, the gene 
expression of TIMP-1 showed a significant increase in pre-
antral follicles of the cell phone-exposed group compared 
with the corresponding values in the control group during 
culture period (P<0.05), whereas, the TIMP-2 expression 
in pre-antral follicles of the cell phone-exposed group was 
significantly reduced during the culture period compared 
with the control groups (P<0.05).

Fig.4: MMP-2 and-9 activities of in vitro cultured pre-antral follicles with or without cell phone exposure determined by zymography as described in 
the text. A. Gelatin zymography of the control group, B. Gelatin zymography of cell phone-exposed group, C. Relative optical density of MMP-2, and D. 
Relative optical density of MMP-9. Data are expressed as the mean ± SD. *; Indicates significant a difference compared with control (P<0.05). 

A

B

C D
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Fig.5: The mRNA expression levels of MMP-2, MMP-9, TIMP-1, and TIMP-2 in pre-antral follicles during in vitro culture with or without (control) cell phone 
exposure. A. The mRNA expression levels of MMP-2, B. The mRNA expression levels of MMP-9, C. The mRNA expression levels of TIMP1, and D. The mRNA 
expression levels of TIMP2. Data are expressed as the mean ± SD. *; Indicate a significant difference compared with control (P<0.05).  

Discussion
To date, there are a lot of conflicting reports on the 

adverse effects of mobile phones on human health. These 
contradictory reports have been attributed to the difference 
in exposure time, variable frequencies, types of tissue, 
etc. (17-19). The mechanism of EMR, emitted by mobile 
phone has not been well understood. Nevertheless, it has 
been shown that EMR cause changes in the cell membrane 
integrity and activity of different enzymes (17, 18).

In the present study, we showed that exposure to the 
mobile phone could damage the development of pre-
antral follicles, decrease the number of ovulated oocytes, 
and increase the number of arrested GV oocytes. The 

regulated interplay between different cells, hormones, 
and various macromolecules are necessary for ovarian 
folliculogenesis (20). In the present study, incomplete 
oocyte nuclear maturation, at least to some extent, could 
be explained by EMR-induced apoptosis in somatic cells 
of pre-antral follicles, particularly the granulosa cells and 
reduced proliferation as shown previously (21). Although 
the precise mechanism of EMR is unknown, another 
explanation might be the inhibition of cell growth, protein 
misfolding, and detrimental effects on cellular signaling 
(18). Furthermore, in the in vivo condition, mobile phone 
radiation could induce oxidative stress (OS) via an 
increase in the reactive oxygen species (ROS) production 
and a reduction in antioxidant activity of enzymes (22). 

A B

C D
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In this regard, Mao et al. (23) showed that EMR increases 
ROS production and decreases the activity of enzymatic 
antioxidants. Also, Agarwal et al. (24) indicated that cell 
phone radiation increases the generation of ROS and 
MDA, while, it can decrease the antioxidant enzyme 
activity in semen plasma, suggesting that exposure to 
the cell phone has unfavorable effects on the fertility 
potential of spermatozoa (6). It has also been shown that 
cell phone radiation induces apoptosis and OS and it is 
capable of reducing the total antioxidants capacity in 
follicular granulosa cells (25) which, in turn, led to the 
reduced number of ovarian pre-antral follicles (26).  

It has been also demonstrated that the induction of 
oxidative stress, as a result of the mobile phone exposure 
may damage the ECM (27). The results of the current study 
showed that exposure to mobile phone altered the MMPs 
activity and their inhibitors in cultured pre-antral follicles. 
The activity of MMPs in the ovarian cycle is pre-requisite 
for the ECM remodeling and follicular development. 
MMPs and TIMPs have critical roles in this process such 
as theca cells differentiation, proliferation/differentiation 
of the granulosa cells, antrum formation, the formation of 
the basement membrane, and ovulation (28). Thus, any 
change in the normal ECM remodeling and the activity 
of MMPs could interrupt the process of folliculogenesis. 
This confirms the results of the present study because the 
gelatinase activity and expression levels of MMP-2 and -9 
and their tissue inhibitors changed upon exposure to cell 
phone radiation which, in turn, led to the impairment in 
the development of cultured pre-antral follicles.

Gelatinase (MMP-2 and 9) plays a crucial role in the 
membrane destruction in the ovulation process, which 
separates granulosa and thecal layers and it can hydrolyze 
collagen fibers. Hence, dysregulation in gelatinase 
function leads to the perturbations in the folliculogenesis 
and ovulation processes. This finding is in agreement with 
our results, wherein changes in the expression of MMP-
2 and -9, as well as the gelatinase activity significantly 
reduced the follicle development and ovulation. It has 
been suggested that MMPs play a significant role in 
follicular atresia; so, increased activities of MMP-2 and 
-9 in the follicular fluid is associated with the induction of 
atresia (10). These observations confirm the findings of the 
present study indicating that a higher degeneration rate in 
cell phone-exposed pre-antral follicles is associated with 
increased activity of both MMP-2 and -9. The results of 
the present study demonstrated that the activity of MMP-
2 and -9 is increased in day 12 of the cultivation period 
followed by the administration of hCG in both cell phone-
exposed and untreated pre-antral follicles. This change 
appears to be due to the addition of hCG to the culture 
medium that causes the induction of ovulation. In the in 
vivo condition, ovulation is a dynamic process initiated 
with the luteinizing hormone (LH) surge, follicular wall 
rupture, and oocyte release (20). Pre-ovulatory LH surge 
is an endocrine signal for ovulation. The LH surge along 
with biochemical events involved in the synthesis and 
secretion of prostaglandins, progesterone, cytokines, 

and growth factors is closely related to proteolytic 
enzyme activities, such as MMPs. Evidence suggests 
that proteolytic destruction of the ECM at the apex of 
pre-ovulatory follicles before the ovulation process is 
the essential stage in the onset of the LH surge, whereas 
the synthesis of MMP inhibitors inhibit the ovulation 
process (29). Therefore, LH-induced proteolysis activity 
plays a vital role in the ovulation process. In this regard, 
the activity of gelatinase A in ovine follicles is increased 
followed by the LH surge (30). This situation was also 
found in rats (31), which was similar to the results of 
our study. The supplemented culture medium with hCG 
increased the activities of MMP-2 and -9. The activity 
of TIMPs was also concomitantly regulated with MMPs. 
Therefore, the activity of TIMPs is negatively correlated 
with the activity of MMPs.

Conclusion
The results of the present study demonstrated that cell 

phone radiation changes gelatinolytic activity linked 
to MMP-2 and -9, leading to decreased developmental 
competence of mouse pre-antral follicles. However, in 
the in vivo condition, ovarian tissue and cell phone are 
separated by several tissue layers; therefore, further 
studies are warranted to mimic the in vivo condition for 
cultured pre-antral follicles to evaluate the effect of cell 
phone radiation.
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Abstract
Objective: This study examined the in vitro effect of melatonin on the protein synthesis of mitochondria, as well as 
autophagy in matured oocytes of aged mice.  
Materials and Methods: In this experimental study, germinal vesicles (GV) oocytes were collected from aged (with the 
age of six-months-old) and young mice (with age range of 6-8 weeks old) and then cultured in the in vitro culture medium 
(IVM) for 24 hours to each metaphase II (MII) oocytes and then supplemented with melatonin at a concentration of 10 
μM. The culture medium of MII oocytes was devoid of melatonin. Afterward, the expression of the SIRT-1 and LC3 was 
assessed by immunocytochemistry. ATP-dependent luciferin-luciferase bioluminescence assay was employed for the 
measurement of the ATP contents. Intracellular reactive oxygen specious (ROS) was detected by DCFH-DA, and the 
total antioxidant capacity (TAC) level was determined by TAC assay.             
Results: The expression of SIRT-1 and LC3, as well as the measurement of the ATP content, was significantly 
increased in oocytes treated with melatonin compared with the oocytes receiving no treatment. Moreover, TAC was 
considerably higher in melatonin-treated oocytes than oocytes receiving no treatment. On the other hand, the level 
of ROS was significantly decreased in oocytes treated with melatonin in comparison with the untreated oocytes. The 
results indicated that melatonin considerably improved the development of oocytes as well.                     
Conclusion: According to the data, melatonin increased mitochondrial function and autophagy via an increase in the 
expression of SIRT1 and LC3, as well as the ATP contents while it decreased the levels of ROS and increased TAC in oocytes 
derived from aged mice.  
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Introduction 
Age-related infertility is one of the significant concerns 

of female individuals (1). In 1975, only 5% of pregnant 
women were over 30 years old, whereas this percentage 
was increased up to 26% in 2010 (2). Although aging 
influences all features of female reproduction, most 
studies have focused on oocytes (3). Several lines of 
evidence demonstrated that aging alters both the quality 
and quantity of oocytes (4). The precise mechanism 
underlying age-induced reproductive disorders is still 
unclear; however, hormonal imbalance, reduced ovarian 
follicle reserve, increased oocyte aneuploidy, and 
mitochondrial dysfunction in oocytes are involved in 
this scenario (5). The main factor restricting the success 
rate of assisted reproduction techniques (ART) is oocyte 
competence. Although ART has been widely improved, 
the percentage of successful pregnancies and alive babies 
are 47.7 % for women younger than 35 and less than 30% 
for women older than 35 (6, 7). 

Several studies have reported a relationship between 
oocyte quality and mitochondrial function (8). The number 

of mitochondria and their function are regulated through 
the organized processes of mitochondrial biosynthesis and 
degradation in the cells (9).  SIRT is a vital mitochondrial 
deacetylase, which regulates biological mitochondrial 
functions (10). 

SIRT-1 is associated with the regulation of autophagy 
and mitochondrial function in the cells which can increase 
the ATP contents within the cells and protect them from 
excessive reactive oxygen species (ROS) and oxidative 
damage (11). 

Autophagy is a cellular process that leads to the 
degradation and removal of damaged organelles mediated 
by lysosomes. It has been implicated that melatonin 
improves mitochondrial functions (12).

LC3 is a protein marker, located on the membrane 
of the autophagosome (9). Mitochondrial functions in 
oocytes can be affected by excessive ROS. So, the ROS 
concentration should be counterbalanced by the activity 
of antioxidant agents (13).

Melatonin (N-acetyl-5 methoxytryptamine) has been 
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introduced as a free radical scavenger and could be 
indirectly considered an antioxidant molecule (14). 
Hence, the use of melatonin for the decrease of age-
related mitochondrial oxidative stress in oocytes could be 
a point of view.  Since aging is associated with low oocyte 
competence and infertility, the current study was designed 
to evaluate whether melatonin can improve the quality 
of aged oocytes thereby increasing the mitochondrial 
number and protein synthesis, as well as the ATP contents 
of aged murine oocytes during in vitro culture medium 
(IVM). Our results provide influential perceptions into 
the mechanisms of aging and mitochondrial regulation in 
oocytes.

Materials and Methods
All chemicals in this experimental study were purchased 

from Sigma (St Louis, MO, USA) except for fetal calf 
serum (FCS) which was obtained from Invitrogen 
(Carlsbad, CA, USA). Human chorionic gonadotropin 
(hCG) and follitropin alfa (Gonal-F) were procured from 
Organon (Oss, Netherlands).

Animal procedures
NMRI mice (purchased from the Pasteur Institute 

of Iran) were housed in an air-conditioned room under 
a 12 hours light: 12 hours dark cycle (7 AM to 7 PM) 
and temperature 20-25˚C with free access to food and 
water. All animal experiments were carried out according 
to the guidelines of the Iranian Council for Use and 
Care of Animals and approved by the Animal Research 
Ethical Committee of Tehran University of Medical 
Sciences (Ethical Committee code: IR. TUMS.VCR. 
REC.1397.4954).

Experimental groups

All experiments were carried out in two main groups 
as follows; the first group consisted of young mice 
with age range of 6-8 weeks (15-17) and the second 
group included old mice with the age of six months 
(18). Female NMRI mice received an intraperitoneal 
injection of 5 IU pregnant mare serum gonadotropin 
(PMSG). Then mice were sacrificed by cervical 
dislocation 48 hours after the injection of PMSG and 
ovaries were collected and transferred to a petri dish 
containing the α-MEM culture medium supplemented 
with 5% fetal bovine serum (FBS) and a mixture of 
antibiotics (penicillin, streptomycin). Oocytes at the 
germinal vesicle (GV) stage were mechanically isolated 
from ovaries and collected under a stereomicroscope 
(Nikon SMZ- 2T, Japan).  

In vitro maturation of germinal vesicle oocyte
The in vitro maturation medium consisted of the 

α-Minimum Essential Medium (α-MEM, Sigma, 
USA) supplemented with 5 mg/ml streptomycin, 6 mg/
ml penicillin, 5% fetal calf serum (FCS, Invitrogen, 
USA), 100 mIU/ml recombinant human follicle 

stimulating hormone (rhFSH), and 7.5 IU/ml human 
chorionic gonadotropin (hCG, Sigma, USA) . The GV 
stage oocytes (n=6-8) were cultured with 0 or 10 µM 
melatonin (19) at 37˚C, 5% CO2 and 95% humidity in 
a 20-μl drop of the IVM medium for 24 hours in both 
old and young groups. After 24 hours of the culture 
period, the maturity of the oocytes in the above groups 
was assessed under an inverted microscope (Labamed, 
USA). Oocytes which reached to the MII stage were 
selected for further experiments.

Detection of SIRT1 and LC3 by fluorescence 
immunostaining

After 24 hours of the culture period in the IVM medium 
with 0 or 10 μM melatonin, five MII stage oocytes were 
randomly chosen from each young and old groups and then 
the immunofluorescence experiments were performed 
(20). After removal of zona pellucida by Tyrod’s acid 
solution (Sigma-Aldrich, USA), oocytes were fixed and 
permeabilized with 4% paraformaldehyde with 0.1% 
Triton X-100 in phosphate-buffered saline (PBS, Sigma, 
USA) for 20 minutes at room temperature, then washed 
with 0.3% Triton X-100 in PBS for 5 minutes. Afterward, 
oocytes were blocked in a 10% bovine serum albumin 
(BSA, Sigma, USA)/PBS drop for 30 minutes. Finally, 
they were incubated with a primary antibody containing 
anti-LC3 and anti-Sirt1 [rabbit polyclonal, 1:100 (Abcam, 
USA)] in 2% BSA/PBS at 4˚C overnight. In the next day, 
oocytes were washed three times in 2% BSA/PBS and 
incubated with fluorescein-conjugated goat anti-rabbit 
IgG (1:200; Abcam, USA) as a secondary antibody for 
at 37˚C for 40 minutes. After three times washing by 
PBS, oocytes were mounted on glass slides using an anti-
fade reagent containing 6-Diamidino-2-phenylindole 
(DAPI, Sigma-Aldrich, USA). The expression of SIRT1 
and LC3 was evaluated using a fluorescence microscope 
(Labamed, USA) at 488-excitation wavelengths. The 
images of individual oocytes in each group were captured 
by a digital camera (DeltaPix, Denmark). The fluorescence 
intensity of each marker was quantified using the Image 
J (1.48. version) software (National Institutes of Health, 
Bethesda).

ATP quantification 

The measurement of the ATP content of oocytes was 
carried out using the luminescence (Berthold LB 9501 
illuminometer) generated in an ATP-dependent luciferin-
luciferase bioluminescence assay. A commercial ATP 
assay kit (ATP bioluminescence assay kit HS II Roche) 
was used following the procedure defined by the 
manufacturer’s recommendations. A total of 35-50 MII 
stage oocytes from each group was mixed with 50 ml of 
lysis solution and vortexed for one minute on ice for the 
lysis process. Then, the mixture was centrifuged at 12,000 
g at 4˚C for 10 minutes, and the supernatant was applied 
for further assessments. A six-point standard curve (0-5 
pmol) was deliberated in each series of an assay. The 
standard curves were generated, and the ATP content 
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was calculated using the formula derived from the linear 
regression of the standard curve.

Determination of Intracellular reactive oxygen species  
To quantify of ROS levels, 40-50 MII stage oocytes 

from each group were incubated with 2 μM of 
2’,7’-dichlorofluorescein diacetate (DCFH-DA, Sigma, 
USA) at 37˚C  for 30 minutes in the αMEM medium in 
a dark place (21). After 3 times washing with αMEM, 
oocytes were analyzed under a fluorescence microscope 
(Olympus BX51, Japan) equipped with UV filters (450-
490 nm (excitation) and 520 nm (emission) filters. The 
fluorescence intensity of oocytes was assessed by the 
ImageJ (1.48. version) software (National Institutes of 
Health, Bethesda).

Measurement of total antioxidant capacity content
Oocytes at the GV stage were cultured in the IVM 

culture medium for 24 hours. After 24 hours, 50 µL of 
the culture medium from each group was collected for 
the measurement of the TAC content. A commercial 
kit (Zell Bio GmbH, Germany) was used for the 
quantitative assay of TAC by the oxidation-reduction 
colorimetric assay. All of the procedures were 
performed according to the manufacturer’s instruction. 
Then, the TAC concentration (mM) in samples was 
calculated based on the standard curve drawn using the 
standard optic density absorbance against the standard 
concentration. TAC concentration was determined in 
the range of 0.125-2 mM.

Statistical analysis

All experiments were performed in triplicate, and the 
data were expressed as the mean ± standard deviation 
(SD). The statistical analysis was carried out using one-
way analysis of variance (ANOVA) followed by Tukey’s 
post hoc tests using the SPSS 16 version. The P<0.05 was 
considered statistically significant.

Results
Effect of Melatonin on SIRT-1 expression 

The immunostaining analysis was performed to 
evaluate the effects of melatonin on the expression 
of SIRT-1 in oocytes. The results of immunostaining 
following the treatment with melatonin showed that 
10 μM melatonin upregulated the SIRT-1 expression 
in the aged MII oocyte+melatonin group versus the 
aged MII oocyte group (42.2 ± 0.99% vs. 11.9 ± 0.54% 
respectively, P˂0.01). Moreover, a higher expression of 
SIRT-1 was observed in the young MII oocyte+melatonin 
group compared with the young MII oocyte group (54.4 ± 
1.65% vs. 42.8 ± 3.34, respectively, P˂0.05). As shown in 
Figure 1, there was no significant difference between the 
aged MII oocyte+melatonin group and young MII oocyte 
group (42.2 ± 0.99% vs. 42.8 ± 3.34%, respectively, 
P=0.84).

Fig.1: The expression of SIRT-1 at the MII stage of in vitro matured 
oocytes, isolated from young and aged mice was evaluated using 
immunofluorescence staining. A. The micrograph represents the 
intensity of the SIRT-1 expression among the young MII oocyte, young 
MII oocyte+melatonin, aged MII oocyte+melatonin, and aged MII oocyte 
groups. The nuclei were stained by DAPI. The secondary antibody was 
conjugated with FITC and B. The expression of SIRT-1 in the aged MII 
oocyte+melatonin group was significantly higher than the aged MII 
oocyte (P˂0.01). Accordingly, the SIRT-1 expression was elevated in the 
young MII oocyte+melatonin group compared with the young MII oocyte 
group (P˂0.05) (magnification × 400, scale bars: 20 µm). Y+M; Young MII 
oocyte+melatonin and O+M; Aged MII oocyte+melatonin.

 Effect of melatonin on autophagy in oocytes

We examined the expression of the LC3 protein (the marker 
of autophagosomes) in oocytes by the immunostaining 
method to assess the effect of melatonin on autophagy.

The expression of the LC3 protein in oocytes has been 
shown in Figure 2. The results indicated that LC3 was 
significantly upregulated in the aged oocyte+melatonin 
group versus the aged oocyte group (24.1 ± 0.37% vs. 11.05 
± 1.25%, respectively, P˂0.01). Also, significantly higher 
expression of the LC3 protein was observed in young 
oocyte+melatonin group versus the young MII oocyte 
group (42.06 ± 0.26% vs. 24.81 ± 0.7%, respectively, 
P˂0.01). As depicted in Figure 2, our data showed that 
there was no significant difference between the aged MII 
oocyte+melatonin group and young MII oocyte group 
(24.1 ± 0.37% vs. 24.81 ± 0.7%, respectively, P=0.36). 

A

B
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Fig.2: The expression of the LC3 protein in in vitro matured MII 
oocytes, isolated from aged and young mice was determined by the 
Immunofluorescence staining. A. The micrograph represents a significant 
difference in intensity of the LC3 expression between the young MII 
oocyte, young MII oocyte+melatonin, aged MII oocyte+melatonin, and 
aged MII oocyte groups. The nuclei were stained by DAPI. The secondary 
antibody was conjugated with FITC (magnification ×400, scale bars: 20 
µm) and B. Significantly higher levels of LC3 were found in the aged MII 
oocyte+melatonin compared with the aged MII oocyte groups (P˂0.01). 
The expression of the LC3 was significantly higher in the young MII 
oocyte+melatonin than the young MII oocyte groups (P˂0.01). Y+M; 
Young MII oocyte+melatonin and O+M; Aged MII oocyte+melatonin.

Effect of Melatonin on the ATP content of in vitro 
matured oocytes

The effect of melatonin on the ATP content of in-
vitro matured oocytes was assessed by ATP-dependent 
luciferin-luciferase bioluminescence assay. The levels of 
ATP were compared among different groups in Figure 3. 
The data showed that the ATP levels were significantly 
increased in the aged MII oocyte+melatonin group in 
comparison with the aged MII oocyte group (2.7 ± 0.1 vs. 
1.9 ± 0.07 pmol, respectively, P˂0.001).

Moreover, the ATP contents of the young MII 
oocyte+melatonin group were significantly higher than 
the young MII oocyte group (3.5 ± 0.1 vs. 3.1 ± 0.1 pmol, 
P˂0.05).  As indicated in Figure 3, there was a significant 
difference between the aged MII oocyte+melatonin and 
young MII oocyte group as well (2.7 ± 0.1 vs. 3.1 ± 0.1 
pmol, respectively, P˂0.01). 

Fig.3: The levels of the ATP contents of in vitro matured MII oocytes in all 
experimental groups, namely aged MII oocyte, young MII oocyte, aged 
MII oocyte+10 µM melatonin, and young MII oocyte+10 µM melatonin. 
Each group consisted of 35-50 MII oocytes. The obtained data were 
represented as mean ± SD.  ¥; P˂0.001 vs. aged group, β; P˂0.05 vs. young 
group, α; P˂0.01 vs. young group, µ; P˂ 0.001 vs. young group, Y+M; 
Young+melatonin, and O+M; Aged+melatonin.

Melatonin increased total antioxidant capacity in 
culture media of in vitro matured oocytes

TAC was measured in culture media of in vitro 
matured oocytes to monitor the efficacy of melatonin 
in antioxidant capacity of oocytes. The results of 
TAC levels in different groups are shown in Figure 
4. As demonstrated in Figure 4, the level of TAC 
was increased in the aged MII oocyte+melatonin 
group in comparison with the aged MII oocyte group 
(0.35 ± 0.06 vs. 0.11 ± 0.05 mM), but there was no 
significant difference between them (P=0.07). The 
TAC level was also significantly higher in the young 
MII oocyte+melatonin group compared with the 
young group (0.79 ± 0.14 vs. 0.51 ± 0.00, respectively, 
P<0.05). Moreover, the results demonstrated that 
there was no significant difference between the aged 
MII oocyte+melatonin and young MII oocyte group 
(P=0.31). 

Fig.4: The total antioxidant capacity (TAC) of MII stage in vitro matured 
mouse oocytes in four groups: old and young or old and young 
supplemented by 10 µM melatonin. 50 µL of culture media of each group 
were used for TAC content measurement. The data was represented based 
on mean ± SD. Although TAC level increased in aged MII oocyte+melatonin 
in comparison to the aged MII oocyte group, (0.35 ± 0.06 vs. 0.11 ± 0.05 
mM) but there is no significant difference between them (P=0.07). The 
result shows that there is no significant difference between aged MII 
oocyte+melatonin and Young groups as well (P=0.31).  It also shows a 
significant difference between young MII oocyte+melatonin vs. young MII 
oocyte group. µ; P˂0.01, β; P˂0.05, Y+M; Young MII oocyte+melatonin, 
and O+M; Aged MII oocyte+melatonin.

A
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Melatonin decreased the reactive oxygen species level 
in in vitro matured MII oocytes 

The rate of oxidative stress in oocytes was evaluated 
by the measurement of intracellular ROS using 
DCFH-DA. The levels of ROS in different groups are 
illustrated in Figures 5 and 6. The increased production 
of ROS was markedly reversed upon the treatment 
with melatonin. The results show that the fluorescence 
intensity of stained oocytes with DCFH-DA in the 
aged MII oocyte+melatonin group was significantly 
lower than the aged MII oocyte group (47 ± 3.09 vs. 79 
± 6.18, respectively, P<0.05). Although the ROS level 
was decreased in the young MII oocyte+melatonin 
compared with the young MII oocyte group, the 
difference was not statistically significant (4 ± 0.81 
vs. 17 ± 3.09, respectively, P=0.71). Moreover, there 
was no significant difference between the aged MII 
oocyte+melatonin and young MII oocyte groups 
(P=0.10). 

Fig.5: Intracellular reactive oxygen specious (ROS) levels of MII in vitro 
matured oocytes were measured by immunofluorescence dye (DCFH-
DA) in all experimental groups, namely aged MII oocyte, young MII 
oocyte, aged MII oocyte+10 µM melatonin, and young MII oocyte+10 
µM melatonin and they were quantified by the ImageJ software. Each 
group consisted of 40-50 MII oocytes. The results were expressed as 
mean ± SD. The different symbols represent a significant difference 
between the two experimental groups. Although the ROS level was 
decreased in young MII oocyte+melatonin group compared with the 
young MII oocyte group, the difference was not statistically significant 
(4 ± 0.81 vs. 17 ± 3.09, P=0.71). The results also showed that there was 
no significant difference between the aged MII oocytes+melatonin 
and young MII oocytes groups (P=0.10). ¥; P˂ 0.05 vs. aged group, 
µ; P˂0.001 vs. young group, Y+M; Young+melatonin, and O+M; 
Aged+melatonin. 

Melatonin improved the development of in vitro 
matured oocytes

A total of 680 oocytes at the GV stage were used for in 
vitro maturation. Meiotic competency of oocytes among 
the different groups was determined after 24 hours of the 
in vitro maturation process. Percentage of MII oocytes in 
the aged MII oocyte+melatonin group was 80.12%, which 
was significantly higher than the aged MII oocyte group 
(63.63%, P<0.001). There was a significant difference 
between the young MII oocyte+melatonin and young MII 
oocyte groups (92.34 and 70.17% respectively, P<0.0001). 
The results also showed that there was a significant 

difference between the aged MII oocyte+melatonin and 
young MII oocyte groups (P<0.05).

Fig.6: The levels of DCFH-DA representing the reactive oxygen specious 
(ROS) production in MII in vitro matured oocytes, isolated from young 
and aged mice. The micrograph depicts the different intensity of ROS 
among the young MII oocytes, young MII oocytes+10 µM melatonin, 
aged MII oocytes, and aged MII oocytes+10 µM melatonin groups. The 
phase contrast of each group shows the morphology of oocytes. The 
fluorescence intensity of DCFH-DA was applied to probe ROS within the 
cytoplasm of oocytes (magnification: ×200, scale bars: 100 µm).

Discussion
Reproductive senescence has been introduced as a 

major health problem over the world. Female fertility 
is promptly decreased after age of 35 years. A decline 
in ovarian follicle reserve and oocyte pool, as well as 
an increase in the number of low-quality oocytes, are 
featured characteristics of ovarian aging (22). Perhaps, 
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diminished mitochondrial biogenesis has been regarded 
as a significant factor related to poor oocyte quality as a 
result of aging (23). Although the mechanisms underlying 
age-induced decreased oocyte quality is still unknown, 
mitochondrial dysfunction is thought to be involved in 
this process (3). Various antioxidants such as resveratrol 
were found to improve mitochondrial function through 
the activation of SIRT-1 (24, 25).

Melatonin is an effective antioxidant and free-radical 
scavenger which has a central role in the improvement 
of ovarian function and oocyte quality (26). It has been 
reported that melatonin supplementation significantly 
postpones postovulatory aging of murine oocytes through 
the upregulation of the expression of SIRT-1. It has 
been reported that melatonin could reverse age-induced 
reproduction damage caused by postovulatory aging 
through the regulation of the SIRT-1 expression (27). Our 
results also showed that the culture of oocytes, which were 
at the GV stage, with melatonin for 24 hours considerably 
enhanced the expression level of SIRT-1 in oocytes in both 
aged and young mice. Melatonin could increase the SIRT-
1 expression in aged MII oocyte+melatonin as much as 
the young MII oocyte group, implying the improvement 
of mitochondrial function.

It has been reported that SIRT-1 is also associated with 
the regulation of autophagy, a cellular process that ends 
with lysosomal degradation, and mitochondrial activities 
in cells upon oxidative stress (28, 29). Autophagy 
is a process that degrades misfolded and long-lived 
proteins and damaged organelles such as mitochondria, 
endoplasmic reticulum, as well as intracellular pathogens, 
to maintain cellular homeostasis (12, 29).

The LC3 protein which is generally localized on 
autophagosome membranes can be considered a 
biomarker of autophagy. In a previous study, it has 
been reported that resveratrol significantly increased 
autophagosomes in oocytes of aged cows and enhanced 
oocyte competence (9). On the other hand, the results 
of another research showed that melatonin attenuated 
autophagy in postovulatory oocytes (27).

Our results demonstrated that melatonin could 
significantly increase the LC3 expression in oocytes 
of aged mice, indicating an increase in the number of 
autophagosomes. Moreover, the LC3 expression in aged 
MII oocyte+melatonin group had no significant difference 
when compared with the young MII oocyte group, 
showing that melatonin could increase the number of 
autophagosomes similar to that of the young MII oocyte 
group. 

Mitochondrial involvement in the aging process is also 
attributed to the energy production and regulation of the 
different cellular signaling pathways (30). Adenosine 
triphosphate is mainly produced in mitochondria, and it 
is essential for oocytes. The ATP generation is one of the 
major tasks of mitochondria, and the amount of ATP in 
mature oocytes represents the quality of oocytes (31). The 
level of ATP in oocytes could be considered an indicator 

of the developmental potential of mammalian oocytes 
(26). According to the literature, poor oocyte quality 
and failure in embryonic development could be directly 
associated with the sub-normal production of ATP (32). 

Although increased ROS production in aged oocytes has 
been shown to result in a decrease in the concentrations of 
intracellular ATP (26), other scientists believe that SIRT 
could increase the ATP level and thus protecting the cells 
from ROS-mediated oxidative damage (11). Melatonin 
can improve mitochondrial function by an increase in the 
ATP production within oocytes (33).

In the present study, it has been found that in vitro 
matured melatonin-treated oocytes of old and young 
mice exhibited a significant increase in ATP content 
compared with those untreated oocytes. It is suggesting 
that melatonin could enhance mitochondrial function. 

Notably, the comparison between melatonin-
treated and untreated oocytes revealed that there was a 
significant increase (1.4 fold) in the ATP content in the 
aged MII oocyte+melatonin group as compared with 
the young MII oocyte group (increased by 1.1 fold). A 
significant difference observed between the aged MII 
oocyte+melatonin and young MII oocyte groups indicated 
that although melatonin increased the ATP content in the 
aged MII oocyte+melatonin group, such an increase did 
not reach to that of the young MII oocyte group.

Considering the primary source of ROS production 
is placed in mitochondria, the aging process increases 
the rate of mitochondrial ROS (mROS) and weakens 
antioxidant defense systems (22, 34). Scientists believe 
that mitochondria have a critical role in cellular 
events associated with the aging process, through an 
accumulation of mitochondrial ROS and oxidative damage 
to mitochondrial and cytoplasmic components. According 
to various theories, mitochondrial respiratory activity and 
mitochondrial membrane potential are diminished during 
the aging process and endogenous antioxidant system 
function, denoting that these phenomena are decreased 
in an age-dependent manner (22). Therefore, to reduce 
the adverse effects of excessive ROS and improve the 
maturation process of oocytes, antioxidants are widely 
used in in vitro culture systems (35). Melatonin is an 
effective modulator of mitochondrial DNA damage. It has 
been implicated that an increase in the electron transport 
efficiency within mitochondria prevents ROS formation 
and protects DNA mutation in response to oxidative 
damage (36).

Some reports have indicated that melatonin and its 
metabolic derivatives can consecutively detoxify ROS 
and regulate different antioxidant enzymes through their 
receptors to halt radical-mediated damages, leading to 
preservation of the quality of oocytes (37). Melatonin 
could also dramatically decrease the ROS level in porcine 
oocytes and improve the quality of oocytes (38).

In this study, we found that the addition of melatonin to 
the culture medium significantly reduced the ROS level 
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in oocytes and increased TAC in the culture media. Based 
on above statements, it would be plausible that melatonin 
not only reduces ROS level via its direct ROS-scavenging 
ability but also improves the mitochondrial function by 
the enhancement of autophagy which maintains cellular 
homeostasis and oocyte quality.

Previous studies demonstrated that melatonin 
supplementation during the in-vitro culture significantly 
reduced ROS production and augmented the glutathione 
(GSH) contents (39). Our findings were inconsistent with 
other studies which report that melatonin has a direct 
protective effect against oxidative stress for mammalian 
oocytes. Although our data showed that melatonin 
increased TAC levels in the aged MII oocyte+melatonin 
group in comparison with the aged MII oocyte group, 
there was no significant difference between the two 
groups. On the other hand, the TAC level was increased 
significantly in the young MII oocyte+melatonin group 
compared with young oocyte group. It has also been 
observed that there was no significant difference between 
the aged oocyte+melatonin and young oocyte groups, 
implying that melatonin improved the ability of aged MII 
oocytes to increase the level of TAC in comparison with 
the ability of the young MII oocytes.

Melatonin also improved the oocyte maturation rate 
and consequently the embryo development thereby the 
reduction of ROS during the in vitro maturation process of 
the porcine oocyte (39). Our results showed a significant 
increase in meiotic competency of melatonin-treated MII 
oocytes in comparison with non-treated oocytes.

Conclusion 
The present study demonstrated that the treatment of in 

vitro matured MII oocytes, isolated from aged mice with 
melatonin could improve the mitochondrial function by 
an increase in the SIRT-1 expression, the ATP content, and 
autophagy, ultimately resulting in the improvement of the 
quality of mitochondria in cells. Melatonin also decreased 
intracellular ROS and increased TAC production. As 
the final point, melatonin could improve the oocyte 
maturation rate.  
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Abstract
Objective: Liver cancer is the third rank amongst the common malignancies, causing maximum death in the patients 
diagnosed with cancers. Currently available biomarkers are not enough sensitive for early diagnosis of hepatocellular 
carcinoma (HCC). This makes difficult management of HCC. With the aim of finding new generation of proteomic-based 
biomarkers, the represented study was designed to characterize the differentially expressed proteins at different stages 
of HCC initiation and at progression. This could lead to find potential biomarkers for early detection of HCC.  
Materials and Methods: In this experimental study, we report induction of HCC by administrating chemical carcinogens 
in male Wistar rats. Disease progression was monitored by histological evaluation. Serum proteomic analyses such as 
2 dimensional (2D)-electrophoresis, MALDI-TOF-MS/MS and Western blot have been used to analyze and characterize 
the differentially expressed proteins during HCC development.              
Results: HCC initiation and tumorigenesis were observed at one and four months post carcinogen treatment, 
respectively. One of the differentially-expressed proteins, namely, cytosolic phospholipase A2 delta was significantly 
up-regulated at very early stage of HCC development. Its expression continued to increase during cancer progression 
and hepatotumorigenesis stages. Its elevated expression has been confirmed by Western blot analysis. Consistent to 
this, analyses of the sera in the clinically confirmed liver cancer patients showed elevated expression of this protein, 
further validating our experimental results.                      
Conclusion: This study suggests that elevation in the expression of cytosolic phospholipase A2 delta is associated with 
progression of HCC.    

Keywords: Chemical Carcinogens, Cytosolic Phospholipase A2 Delta, Hepatocellular Carcinoma, MALDI-TOF-MS/
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Introduction
Hepatocellular carcinoma (HCC) is globally the fifth 

most common cancer with a high rate of morbidity and 
the third type of cancer causing maximum death among 
the patients diagnosed with cancers (1, 2). Etiological 
influences such as hepatitis B virus (HBV) and hepatitis C 
virus (HCV) infections, alcohol abuse, metabolic diseases 
and carcinogen exposure lead to chronic inflammation 
of liver and mutation causing heterogeneous HCC (3). 
Lack of clear symptoms, numerous relapse and inefficient 
therapy lead to poor prognosis and high mortality in 
patients diagnosed with  HCC (2). Finding new generation 
noninvasive biomarkers to detect HCC at early stage 
would help reduce the rate of cancer-related mortality (4). 
Currently available markers, such as alpha-fetoprotein, do 
not have high sensitivity and search for novel markers is 
mandatory. Effective treatment and patient survival rate 
are dependent on the early diagnosis of HCC which can 
be provided based on the novel prognostic and diagnostic 
biomarkers (5).  

In the present study, using animal model, we aimed to 
find out differentially expressed proteins that are associated 

with HCC initiation and progression to introduce as 
potential biomarker(s) or to target as therapeutic agent at 
very early stage of liver cancer initiation. 

Materials and Methods
The experimental study involves analysis of rodent 

model in vivo which has previously been developed in 
our laboratory to study HCC. Further, the obtained data 
are validated with sera of clinically approved liver cancer 
patients.

Liver cancer induction and development of the rodent 
model

Liver cancer was chemically induced in 4-6 weeks old 
male Wistar rats weighing 80-100 g, by administrating 
chemical carcinogens DEN and 2-AAF as reported 
by our group earlier. Animal experimentation was 
performed following approval from Jamia Hamdard 
(New Delhi, India) Institutional Animal Ethics 
Committee formed for the Purpose of Control and 
Supervision of Experiments on Animals (project number 
908). The protocol for HCC development in rats was 
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essentially the same as previously described instruction 
(6). Briefly, the rats were kept in polypropylene cages 
while temperature was maintained at 25 ± 2˚C with 12 
hours cycle of light/dark in the animal house of Jamia 
Hamdard. These were fed ad libitum with free access 
to standard laboratory food (Amrut Laboratory, rat and 
mice feed, Navmaharashtra Chakan Oil Mills Ltd., 
India) and water daily. DEN (200 mg/kg body weight) 
and 2-AAF dissolved in 1% carboxymethyl cellulose 
(150 mg/kg body weight) were used as the initiator 
and promoter of HCC, respectively. Animals were 
randomly split up into two groups namely control and 
treated groups. Treated groups were further divided 
into two different groups namely, 1 M (sacrificed after 
one month) and 4 M (sacrificed after four months). 
The carcinogen treated animals were given a single 
high dose intraperitoneally (I.P.) of DEN, and after 
one week recovery period, the rats were administered 
with 2-AAF. Three doses of 2-AAF were orally 
administered on three alternative days among the 
first week of each month for entire study period (four 
months). Therefore, a total of 3 and 12 doses of 2-AAF 
were administered to the animals in the 1 M and 4M 
treated groups, respectively. The rats in control group 
received normal saline at the same schedule. The 
rats in the 1 M and 4 M groups were kept in a glass 
chamber containing cotton soaked with diethyl ether to 
be anesthetized and sacrificed at respectively one and 
four months after carcinogen treatment, respectively. 
At the time of sacrificing, the animals were perfused 
transcardially with saline and after their death they 
were dissected to excise livers for further analysis. 

Histological examination
Livers were fixed in 10% formalin, sliced, dried out and 

buried in paraffin. Cross-sections were taken and stained 
with Hematoxylin and Eosin. Sections were mounted 
with DPX mountant (Sigma-Aldrich, USA) and checked 
employing light microscope for histological changes. 

Proteomic analysis of differentially expressed proteins
The Bradford’s method was used to measure protein 

concentration (7). Depletion of albumin in serum samples 
and their preparation, 2 dimensional (2D)-electrophoresis 
of the total serum proteins and their analysis with PD-
Quest software and ultimately MALDI-TOF-MS/MS 
characterization were performed as previously described 
(8, 9).

Validation of protein expression by Western blot 
analysis

30 µg of total serum protein was fractionated on 
10% poly acrylamide gel at 80 V and it was transferred 
to polyvinylidene difluoride (PVDF) membrane 
employing Hoefer Western blotting apparatus (Hoefer 
Inc, USA, 4˚C, 150 mA for three hours). Immuno-
detection was performed using 1:500 diluted primary 
antibody (Sigma-Aldrich, USA) in Tris-buffered 

saline (TBS) overnight at 4˚C and 1:4000 diluted 
HRP conjugated anti-rabbit secondary antibody 
(Sigma-Aldrich, USA) for three hours. The protein 
expression was visualized with diaminobenzidine 
(DAB, Sigma-Aldrich, USA) and LuminataTM Forte 
Western HRP Substrate (Millipore, USA) system. 
Analyses of clinically approved liver cancer patients 
sera (including two male patients aged 35 and 73 
years used for the analyses) and controls (including 
two matched age healthy males with liver cancer 
patients used for the analyses) were carried out after 
receiving the approval of Jamia Hamdard Institutional 
Ethics Committee (JHIEC). The informed consent 
was obtained from all participating subjects. The HCC 
patients were clinically approved and were under 
various therapies.

Statistical analysis

The experiments were carried out in triplicate and data 
are revealed as means ± standard error  of the mean (SEM). 
The significance of differences (control vs. treated groups) 
was analyzed employing One-way ANOVA pursued 
by Dunnett test and they were considered statistically 
significant when P<0.05. 

Results 

Development of hepatocellular carcinoma model and 
serum analysis of carcinogen treated rats and controls

HCC was induced by administrating chemical 
carcinogens (DEN and 2-AAF) in male Wistar 
rats, as previously reported by us (6). Histological 
analysis revealed disease initiation at one month and 
development of cancer and tumorigenesis at four 
months after carcinogen treatment (Fig.1) (8). 

Reproducible results were obtained following 
repeatedly performing 2D-electrophoresis analyses. 
The analyses of 2D gels using PD-Quest were assigned 
unique sample spot protein (SSP) numbers to protein 
spots and compared differentially expressed proteins 
(8-10). One of these proteins, up-regulating at one 
month (initiation stage of HCC) and four months 
(tumorigenesis stage) after carcinogen treatment, 
was selected for further analysis. Detailed expression 
analysis of this protein following carcinogen 
administration has been illustrated in Figure 2. Changes 
in the levels of protein expression were statistically 
significant (P<0.05). The protein spot was excised 
from 2D gels, digested and the mass fingerprinting 
of its peptides was obtained by MALDI-TOF-MS/
MS characterization. The protein was characterized 
as orthologue of cytosolic phospholipase A2 delta, 
gi|109470683, [Rattus norvegicus], using NCBI 
database search by MASCOT software (Fig.3A, B). 
Detailed analysis and characterization of cytosolic 
phospholipase A2 delta have been shown in Table 1.
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Fig.1: Histological analysis of liver tissue. Photomicrographs show histological changes in liver at high power. A. Normal architecture of central vein (CV) and 
bile duct (BD) are shown in the control liver (each treated group has its own control to be compared), B. One month post carcinogen treatment, inflammation 
and hemorrhage leading to HCC initiation are shown, using the arrows, and C. Development of adenoma (within the circle) was observed at four months after 
carcinogen treatment. Cystic degeneration of hepatocytes has been shown at tumors within the circle (scale bar: 20 µm at ×400 magnifications).

Fig.2: PD-Quest analysis of serum protein on 2D gels. The master gel represents protein spots from both control and treated groups, with pop up graph for protein 
of interest. The protein expression has been quantified based on intensity (INT) × area. A. The protein of interest quantification for the SSP 7404 master gel has 
been calculated based on the protein intensity of four months post carcinogen-treatment group. The protein spots were quantified and compared to B. SSP 5420 in 
control, C. SSP 5420 in one month post treatment groups, and D. SSP 7404 in the four months after carcinogen-treatment group. The expression intensity showed 
significant elevation of target protein level. SSP; Stands for sample spot protein and each spot protein has a unique SSP number.

A

C

B

D

A B C
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Fig.3: MALDI-TOF-MS/MS characterization of target spot. A. Spectra for the target spot were shown by MALDI-TOF-MS/MS characterization and B. 
MASOT histogram analysis: probability based on MOWSE score is defined as −10×log (P), where P is probability of the observed match with a random 
event. Individual protein scores, greater than 59, indicate identity or extensive homology (P<0.05). 

Table 1: MALDI-TOF-MS/MS characterization of cytosolic phospholipase A2 delta

Observed Mr (Expt)       Mr (Calc)        ppm        Start-End              Miss Peptide  

1094.6700 1093.6627 1093.5516 102 389-398 0 K.DLEGPISHAR.E

1267.8339 1266.8267 1266.6357 151 478-487 0 K.ENHLETLHFK.E

1639.0371 1638.0298 1637.8485 111 445-458 1 K.LHGQVTDQKLSEQR.A

1740.0199 1739.0126 1738.8348 102 291-305 0 R.LSYGLCPEEQAFLGR.R

1839.1123 1838.1051 1838.0513 29.3 309-325 1 K.LVAAALKQALQLDEDLK.E

1994.2330 1993.2257 1992.9840 121 689-706 1 K.GLQQSGKYCSAQGLPFPR.V

2047.2940 2046.2867 2046.0745 104 791-808 0 R.LSEYNIQNNQGTILQALK.T

2107.4134 2106.4061 2106.0700 160 180-199 1 R.AGSTTMAAGQDKLELELMLK.G

2121.3561 2120.3488 2120.0936 120 24-41 1 R.QEEASVFCQLTVKILEAR.S

2319.4037 2318.3964 2318.1430 109 132-151 0 K.TFSLNPQGPEELDVEFLVER.T

2324.3359 2323.3286 2323.1630 71.3 286-305 1 K.ELSVRLSYGLCPEEQAFLGR.R

2399.2732 2398.2659 2398.1490 48.8 502-522 1 K.YGGFVPSELFGSEFFMGRLMK.R

2418.4232 2417.4159 2417.1493 110 169-191 1 R.ELSHLDVSLDRAGSTTMAAGQDK.
L+Oxidation (M)

2832.5611 2831.5539 2831.3775 62.3 357-381 0 K.LGLLDCVTYFSGISGATWTMAHLYR.D

3023.9028 3022.8955 3022.4634 143 755-781 1 R.SPDELKAGQVDLTGVASPYFLYNMTYK.
N+Oxidation (M)

3257.9532 3256.9459 3256.6616 87.3 425-453 1 R.EEQGYTVTIADLWGLVLESKLHGQVTDQK.L

 Mr; Average molecular mass of the peptide in kilodalton, Expt; Experimentally determined molecular mass, Calc; Theoretically calculated mass of peptide
based on atomic mass of the component, and Ppm; Parts per million.

A B
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Western blot analysis revealed up-regulation of cytosolic 
phospholipase A2 delta expression in the serum of carcinogen 
treated rats vis-a-vis age-matched controls. Expression of 
cytosolic phospholipase A2 delta was elevated at one month 
after carcinogen treatment and it was continued to increase 
during cancer progression until tumor stage at four months 
post carcinogen treatment. Expression of β-actin was 
considered as internal control (Fig.4A). 

Moreover, Western blot analyses of clinically 
confirmed liver cancer patients’ sera showed elevation 
of cytosolic phospholipase A2 delta expression compared 
to the controls (Fig.4B). This observation validated our 
experimental results. 

Fig.4: Expression analysis of cytosolic phospholipase A2 delta by Western 
blotting. A. β-actin was used as internal control. Analyses showed time and 
dose dependent elevation in the expression of protein of interest, in rats 
belong to carcinogen treated groups, by liver cancer progression. Consistent 
increase in protein expression has been shown during liver cancer progression 
and B. Significant elevation in expression of cytosolic phospholipase A2 delta has been shown in sera of clinically confirmed liver cancer patients as 
compared to the healthy controls (P<0.001, n=3, serum samples were taken 
from two male patients at age 35 and 73 for the analyses. Sear of healthy 
control was drawn from the same age group). The Image j software was 
used to quantify the intensity of protein bands. Fold change in expression 
of cytosolic phospholipase A2 delta was normalized over the age-matched 
controls. Data are presented as mean ± SEM (n=3), using one way ANOVA 
followed by Dunnett test.

Discussion
Neoplastic cell induction served as implication of 

cancer initiation in liver tissue of rats. Our method for 
animal model development is novel, as it neither requires 
carcinogen doses causing necrosis nor partial hepatectomy 
(6, 10). The serum protein profile of carcinogen treated rats 
and controls were compared and differentially expressed 
proteins were identified. However, one of these proteins 
was further characterized as cytosolic phospholipase A2 
delta. Changes taking place in the expression of HCC-
related proteins have been systematically monitored 
during various stages of HCC development, from the 
initiation of cancer to hepatotumorigenesis, when fully 
grown tumors were observed. 

The importance of cytosolic phospholipase A enzymes 
in cancer progression is of the considerable interests, 
as these enzymes play important role in the pathways 
associated with progression of cancer. This enzyme 
family controls cell proliferation, differentiation, 
survival and motility in almost all tissues. Their 
increased expression results in dysregulation and 
facilitates unlimited growth of tumors and metastasis 
for cancer cells. Significant role of this family 
members has been implicated in tumor progression 
and tumorigenesis (11). This family is composed of 
six intracellular enzymes simply indicated as cytosolic 
phospholipase A2-α, -β, -γ, -δ, -ε and –ζ (12). Cytosolic 
phospholipase A2 family mediates biologically active 
fatty acids release from the pool of phospholipids 
located in membranes (13) of virtually all cells in 
humans and rodents (12). Aberrant expression of 
cytosolic phospholipase A2 family has been linked to 
progression of malignancies such as prostate, liver 
(13) and colon cancers (14). A study has reported that 
elevating cytosolic phospholipase A2 expression has 
been taken place through pathways associated with 
ERK1/2 and p38 MAPK. The study reported that 
cytosolic phospholipase A2 expression is significantly 
associated with vascular endothelial growth factor 
expression; however, its expression was not related to 
any clinico-pathological specification (14). No much 
information is available about the function of cytosolic 
phospholipase A2 family in vivo (12). Among three 
main classes of cytosolic phospholipase A2 family in 
mammals, cytosolic phospholipase A2-α has gained 
the most attention, regarding that is widely expressed 
in virtually all mammalian cells (14). Cytosolic 
phospholipase A2-α is activated by transforming 
growth factor beta (TGF-β) regulating growth of 
primary and transformed hepatocytes. The inter-
relationship among cytosolic phospholipase A2-α and 
TGF-β signaling pathways has been reported in primary 
hepatocytes of rats and human HCC; thus cytosolic 
phospholipase A2-α is an important factor regulating 
TGF-β signaling pathway and controlling proliferation 
of hepatocytes and hepatocarcinogenesis (15). 
Cytosolic phospholipase A2-α regulates biosynthesis of 
prostaglandins through arachidonic acid cleavage, from 

A

B
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membrane phospholipids (12), through cyclooxigenase 
(COX) (16). The prostaglandins increase storage of 
triglycerides in hepatocytes leading to liver damage 
and cirrhosis (12). This pathway is activated in variety 
of cancers including HCC (15). Arachidonic acid, as 
a substrate for COXs and lipoxygenases (14), is a 
necessary factor that producing bioactive eicosanoids 
and platelet activating factor which, in turn, 
regulate inflammation (17), tumor cell proliferation 
and motility, differentiation, survival, invasion, 
angiogenesis and metastasis in HCC (13, 15). We 
observed elevated levels of cytosolic phospholipase A2 
delta in the serum of HCC rats and in human patients 
with liver cancer. This suggests that is one of the 
important factors associated with HCC initiation and 
progression leading to hepatotumorigenesis. Elevation 
of cytosolic phospholipase A2 delta expression in liver 
cancer might be associated with dysregulation of lipid 
metabolism and liver damage, causing cancer initiation 
in tissue at precancerous stage, while the epithelial 
cells are actively proliferating.

Conclusion
Taken together, the present study suggests that 

evaluation of cytosolic phospholipase A2 delta 
concentration, alone or in consolidation with other 
conventional markers, may provide critical knowledge 
for the early noninvasive disclosure of HCC. 
Moreover, cytosolic phospholipase A2 delta might also 
be served as a potential target to find out the status and 
progression of liver cancer. 
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Abstract
Objective: Multiple myeloma (MM) is an incurable plasma cell malignancy. Several genetic and epigenetic changes 
affect numerous critical genes expression status in this disorder. CDKN2A gene is expressed at low level in almost all 
cases with MM disease. The mechanism of this gene down-regulation has remained controversial. In the present study, 
we targeted EZH2 by microRNA-124 (miR-124) in L-363 cells and assessed following possible impact on CDKN2A 
gene expression and phenotypic changes.   
Materials and Methods: In this experimental study, growth inhibitory effects of miR-124 were measured by MTT assay 
in L-363 cell line. Likewise, cell cycle assay was measured by flowcytometery. The expression levels of EZH2 and 
CDKN2A were evaluated by real-time quantitative reverse-transcription polymerase chain reaction (qRT-PCR).               
Results: qRT-PCR results showed induction of EZH2 gene expression after transduction of cells with lentivector 
expressing miR-124. The expression of CDKN2A was also upregulated as the result of EZH2 supression. Coincide 
with gene expression changes, cell cycle analysis by flow-cytometry indicated slightly increased G1-arrest in miR-
transduced cells (P<0.05). MTT assay results also showed a significant decrease in viability and proliferation of miR-
transduced cells (P<0.05).                        
Conclusion: It seems that assembling of H3K27me3 mark mediated by EZH2 is one of the key mechanisms of suppressing 
CDKN2A gene expression in MM disease. However, this suppressive function is applied by a multi-factor mechanism. In 
other words, targeting EZH2, as the core functional subunit of PRC2 complex, can increase expression of the downstream 
suppressive genes. Consequently, by increasing expression of tumor suppressor genes, myeloma cells are stopped from 
aberrant expansions and they become susceptible to regulated cellular death.    

Keywords: Cyclin-Dependent Kinase Inhibitor 2A, Enhancer of Zeste Homolog 2, Multiple Myeloma, MicroRNA 
Cell Journal(Yakhteh), Vol 22, No 1, April-June (Spring) 2020, Pages: 23-29
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Introduction
Multiple myeloma (MM) is a malignant proliferation 

of monoclonal plasma cells characterized by clinical 
complications including hyper-calcaemia, renal 
dysfunction, anemia, and bone disease (CRAB) (1). MM is 
an intricate disease driven by the accumulation of several 
genetic and epigenetic changes. Whole oncogenomic 
studies of MM showed the presence of many highly 
recurrent and pivotal amplifications and/or deletions in 
genomic regions including the genes that are proposed to 
be involved in MM pathogenesis and progression (2).

Aberrations in G1/S checkpoint of the cell cycle 
caused by either loss of tumor suppressor genes -such 
as retinoblastoma (Rb) and P16- or enhanced activity of 
cyclin D1 or CDK4/6 in the cell-cycle machinery, lead 
to neoplastic progression. One of the most frequently 
affected components of this pathway is P16. CDKN2A 
gene, encoding P16 tumor suppressor and located at 9p21, 

has been shown to be dysregulated in several neoplasias 
by deletions, point mutations and promoter hyper-
methylation (3, 4). Additionally, this tumor suppressor 
gene defective performance may be imperative for 
transformed phenotype commencement and maintenance 
in numerous neoplasms (5). Hence, it seems this gene has 
a crucial role in the initiation and progression of different 
malignancies, such as MM.

In the recent years, there has been an increasing interest 
in epigenetic impacts on cancer which can be described as a 
disease with gene expression alterations. DNA methylation, 
histone modifications and noncoding RNAs are examples 
of epigenetic elements contributing to the pathobiology of 
MM through gene expression changes (6).

Different DNA related procedures, such as transcription 
and replication, are affected by post-translational histone 
modifications (7). Several kinds of histone modifications 
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-methylation, acetylation, phosphorylation, etc. based on 
the type and particularly affected residue, have a distinct 
influence on genes expression profile (8). In this study, 
we focused on a histone silencing mark -trimethylation of 
lysine on position 27 of histone 3 (H3K27me3)- which 
is mediated by polycomb repressive complex 2 (PRC2) 
catalytic subunit, EZH2 (9).

Altered expression of EZH2 has been reported in 
various cancers. EZH2 overexpression frequently occurs 
in solid tumors whereas its down-regulation happens in 
hematological malignancies (10). Hence, depending on 
the type of malignancies and its role in cancer progression, 
EZH2 can be considered as onco/tumor suppressor gene. 
The mechanisms of these misregulations are different. 
For example in MM, interleukin-6 (IL-6) and c-Myc 
activation can mediated EZH2 up-regulation (11, 12). 
Different subsets of genes, having important roles in MM 
pathogenesis, are affected by EZH2 silencing impact. 

microRNAs (miRNAs) are non-coding RNAs that 
have a crucial role in the regulation of gene expressions, 
particularly at the post-transcriptional level. These tiny 
gene regulators play an important role in carcinogenesis. 
Several studies have shown down-regulation of miR-124 
in different types of cancers including hematological 
malignant disorders (13, 14).

miR-124 was previously introduced as a direct repressor 
of EZH2 and its expression is decreased in 50% of 
myeloma cell lines (14-16). This study aims to reveal the 
positive effect of miR-124 on CDKN2A gene expression 
through targeting EZH2 gene and also evaluate phenotypic 
changes in myeloma cell line.  

Materials and Methods 
Bacterial culture and plasmid extraction

E. Coli (DH5α) containing Lenti-miR-GFP-has-
miR-124, pLenti-III-GFP-mir-control, psPAX2 and 
pMD2G plasmids (abm Inc., Canada) were cultured in 
LB-ampicillin broth and LB-kanamycin broth (Merck 
Darmstadt, Germany), respectively and incubated 
in shaker-incubator at 37˚C at 120 rpm. After that, 
plasmid extraction was done using a DNA purification 
kit (NucleoBondR Xtra Midi, MACHERY-NAGEL, 
Germany) according to the manufacturer’s instructions.

Transfection and virus packaging 

In this experimental study, for virus packaging, 
HEK293T cells were grown in DMEM cell culture 
media (Gibco, USA) supplemented with 10% fetal bovine 
serum (FBS), 100 units/ml penicillin (Pen), 100 mg/ml 
streptomycin (Strep, all from Gibco, USA) and incubated 
in 37˚C with 5%  CO2. To passage, HEK293T cells were 
separated from flask by Trypsin-EDTA (Gibco, USA) 
and after two passages, HEK293T cells with confluency 
of about 70-80% were used for virus packaging. PsPAX2 
plasmid comprising of the gag/pol packaging genes and 
pMD2.G plasmid composed of VSV-G were co-transfected 

with pLenti-III-miR-GFP-has-miR-124 (also pLenti-III-
GFP-mir-control vector) by calcium phosphate transfection 
method, as previously described  (Fig.1A, B) (17). Viral 
supernatant was collected every 12 hours post-transfection 
until 72 hours, and it also was centrifuged (3000×g for 10 
minutes at 4˚C) to remove cell debris. Finally, viruses were 
concentrated using ultracentrifugation at 21000 rpm at 4˚C 
for 3 hours. Viral titration was performed on HEK293T 
cells with a serial dilution of the viral stock. Virus stock was 
aliquoted and it was frozen at -70˚C for further use.

Cell culture and transduction
HEK293T and L-363 myeloma cell lines were purchased 

from Pasture Institute (Iran). L-363 cells were cultured in 
RPMI-1640 (Gibco, USA) supplemented with 10% FBS 
and 1% Pen/Strep. They were then cultured at 37˚C in a 5% 
CO2 incubator. For stable expression of miR-124, L-363 cells 
were transducted with lentiviruses by spinoculation protocol 
which increases transduction efficiency in the presence of 6 
mg/ml polybrene (Sigma-Aldrich, USA) (Fig.1C, D).

RNA extraction, cDNA synthesis and quantitative 
reverse-transcription polymerase chain reaction

Total RNA was extracted using QIAzol Reagent (Qiagen, 
USA) according to the manufacturer’s instructions. Total 
RNA-including miRNAs and mRNAs were used for 
cDNA synthesis following the manufacturer’s protocol 
(Thermo Scientific, USA). For miRNA, reverse transcription 
was performed using a miRNA 1st-Strand cDNA Synthesis 
Kit (Stratagene, Agilent Technologies Inc., USA). The cDNA 
samples were subjected to quantitative reverse-transcription 
polymerase chain reaction (qRT-PCR, EvaGreen-based 
qRT-PCR, USA) using High-Specificity miRNA qRT-PCR 
Detection Kit (Stratagene, Agilent Technologies Inc., USA). 
Relative expression levels of miRNAs were normalized 
to SNORD-47 as an endogenous control. For mRNAs, 
β-ACTIN was used as reference gene in the qRT-PCR 
reaction. In the next step, PCR and qRTPCR were done in 
order to evaluate miR-124, EZH2 and CDCN2A expression 
levels. Taq DNA polymerase 2x Master Mix Red and Real 
Q-PCR 2x Master Mix Kit (Amplicon, Denmark) was used 
for PCR and qRT-PCR, respectively. Relative expression 
levels of miRNA and other genes were calculated using the 
2-ΔΔCt method. The primer sequences are provided in Table 1.

Flow cytometric analysis
Flow cytometry was used for both evaluations of GFP-

expressing transduced cells and cell cycle analysis.48   
hours post-transduction, L-363 cells were checked to find 
GFP-positive cells (Fig.2). In order to analyze cell cycle, 
the L-363 cells were fixed with cold (-20˚C) 70% ethanol. 
Afterward, the cells were washed in phosphate buffered 
saline with tween-20 (PBST). They were suspended 
again in 0.5 ml PBST, comprising 20 µg/ml RNase, and 
incubated at 37˚C for 40 minutes. Then, the cells were 
stained with 20 µg/ml propidium iodide (PI) for 30 
minutes at 37˚C. DNA quantity was measured using a 
Flow-cytometry (BD Biosciences, USA).
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Fig.1: Light and fluorescent microscopic pictures of HEK293T and L-363 cells 48 hours post-transfection (×10). A. Light microscopic picture of the HEK cells 
(scale bar: 100 µm), B. The HEK cells transfected with pLenti-III-mir-GFP-124 (scale bar: 100 µm), C. Light microscopic picture of the L-363 cells, 48 hours 
post-transduction (×4), and D. The L-363 cells transduced with pLenti-III-miR-GFP-has-miR-124 (scale bar: 200 µm).

Table 1: List of the primers used in quantitative reverse-transcription polymerase chain reaction (qRT-PCR) analyses

Primer sequence (5ˊ-3ˊ)Primer typeGenes

GTC GTA TCG AGA GCA GGG TCC GAG GTA TTC GCA CTC GAT ACG ACG GCA TTstem-loop RT primer (For 
cDNA synthesis)

hsa-miR124-3p

GCT AAG GCA AGC GGT GForward

GAG CAG GGT CCG AGG TReverse (Common for 
both miR and Snord)

GTC GTA TGC AGA GCA GGG TCC GAG GTA TTC GCA CTG CAT ACG ACA ACC  TCRTSNORD-47

ATC ACT GTA AAA CCG TTC CAForward

TAC TTG TGG AGC CGC TGA C

CTG CCA CGT CAG ATG GTG

Forward

Reverse

EZH2

CCC AAC GCA CCG AAT AGT TA

ACC AGC GTG TCC AGG AAG

Forward

Reverse

CDKN2A

CTG GAA CGG TGA AGG TGA CA

AAG GGA CTT CCT GTA ACA ATG CA

Forward

Reverse

B-ACTIN

A

C

B

D
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Fig.2: Flow cytometric data of virus transduced L-363 cells 48 hours post-transduction. A. PLenti-III-GFP-mir-control transduced cells and B. PLenti-III-miR-
GFP-has-miR-124 transduced cells. Results show 61.8% and 64.6% GFP-expressing cells for control and miR-transduced cells, respectively. 

Proliferation assay 
MTT assay was done in 96-well plates for evaluating cell 

proliferation. Briefly, the L-363 cells (5×103 per well) were 
seeded in 100 µl culture medium in a 96-well plate. Then, 10 
µl MTT (5 mg/ml in PBS, Sigma-Aldrich, USA) was added 
to each well and incubated at 37˚C for 3 hours. At the end, 
the supernatant was changed with 100 µl dimethyl sulfoxide 
(DMSO, Sigma-Aldrich, USA) and absorption of viable cells 
were measured at 570 nm using a microplate ELISA reader 
(Labomed, USA). The wells containing only DMSO (without 
cells) have been used as a blank. 

Statistical analysis
The obtained data were analyzed by SPSS 18.0. 

Student’s t test was used to compare the results. All 
data are presented as means ± standard error (SE) of 
triplicate determinant. P<0.05 was considered statistically 
significant in all experiments.

Results
Expression level of miR-124 in L-363 cells after 
transduction

To evaluate up-regulation of miR-124 after transduction, 
expression level of this microRNA was assessed by qRT-PCR 
in transduced (as well as non-transduced) L-363 cell line after 
72 hours post-transduction. Comparing the results of pLenti-
III-miR-GFP-has-miR-124 and pLenti-III-GFP-mir-control 
vector-transduced cells with non-transduced L-363 cells, 
relatively showed respectively about 2.8 ± 0.2 and 87.4 ± 2.4 
fold expression changes (Fig.3A).

Gene expression analyses of EZH2 and CDKN2A
EZH2 and CDKN2A gene expressions were evaluated 

after 72 hours and 96 hours post-transduction. EZH2 gene 
expression in pLenti-III-mir-GFPcontrol vector and 
pLenti-III-miR-GFP-has-miR-124 transduced cells 
showed about 2.3 ± 0.13 and 1.3 ± 0.08 fold after 72 hours 
(P<0.01)  and also  about 0.4 ± 0.04 and 1.3 ± 0.01 fold 
after 96 hours (P<0.001), respectively (Fig.3B). These 
changes showed down-regulated status of EZH2 in the 
miR-transduced cells compared to the control group. 
Fold changes were calculated in comparison with the 
non-transduced cells. qRT-PCR analysis of CDKN2A 
gene showed interesting results, including no detectable 
expression in none of the non-transduced and transduced 
cells, except the cells evaluated 96 hours after transduction. 
The expression level of CDKN2A was changed with a 
delay. Thus, 96 hours after forced expression of miR-124, 
CDKN2A level showed up-regulation. 

miR124- overexpression effect on cell cycle
Similar to the gene expression analysis, three groups 

were studied for cell cycle analysis. Flow-cytometric data 
showed perturbations in pLenti-III-miR-GFP-has-miR-124 
transduced cells in comparison with pLenti-III-GFP-mir-
control vector and non-transduced cells. It seems that miR-
124 overexpression increases the percentage of cells in 
G1 phase with a concomitant reduction in the percentage 
of cells in the S phase. About 34.72% ± 1.2% of L-363 
cells expressing miR-124 were arrested in G1 phase, in 
comparison with 28.76% ± 0.5% and 30.73% ± 0.54%  for 
pLenti-III-GFP-mir-control vector and non-transduced cells, 
respectively (P<0.05, Fig.4).
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Fig.3: miR-124 and EZH2 expression fold changes before and after transduction. A. Expression levels of miR-124 evaluated by quantitative reverse-
transcription polymerase chain reaction (qRT-PCR) in the transduced L-363 cells with miR-124 in comparison with the empty vector group and the cells 
without transduction (after 72 hours) and B. Expression levels of EZH2 evaluated by qRT-PCR in L-363 cells transduced with miR-124 in comparison with 
the empty vector transduced group and the cells without transduction (after 72 and 96 hours). **; P<0.01 and ***; P<0.001. Experiments were performed 
at least three times, independently.

Fig.4:  Cell cycle analysis of L-363 cells before and after transduction of miR-124. A. L-363 cells before transduction, B. Empty vector-transduced L-363 
cells, C. miR-124 transduced-L-363 cells (means ±SE), and D. Representative bar graph of the L-363 cells cycle before and after transduction. *; P<0.05.
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Inhibitory Effects of MicroRNA-124 in The MM Cell Line

Cellular viability and proliferation rate change after 
miR-124 induction

We used MTT assay to estimate cell viability and 
proliferation. In line with cell cycle results, MTT 
assay showed a significant decline in the viability and 
proliferation of cells with an elevation of miR-124 level 
(Fig.5). 

Fig.5: MTT assay results in 96 hours post-transduction. L-363 cells 
transduced with miR-124 show decreased absorbance in 570 nm 
compared to the control groups. **; P<0.01.

Discussion
Accumulating data showed changing epigenome 

in malignancies. So this area of research could be 
considered as a promising approach for the treatment 
of various cancers (18, 19). Without direct changing 
of DNA sequences, epigenetic mechanisms have the 
robust capability to control different genes expression 
status. In this study, we attempted to reveal another 
role of miR-124 in epigenetic of MM disease, through 
modulation of core enzymatic subunit of PRC2, EZH2, 
in gene expression status of CDKN2A locus. Previously 
Zhan et al. (20) showed that EZH2 level along with 30 
other genes has different expression status in normal and 
malignant plasma cells. Moreover, a straight correlation 
between EZH2 level with cancer progression has been 
detected (9).

miR-124 was recognized to be down-regulated in 
many types of cancer. It has also been reported as tumor 
suppressor microRNA. It has been shown that the miR-
124 expression is decreased in leukemic cell lines e.g. MM 
cell (14). Among 9217 target genes predicted for miR-124 
in microRNA.org (http://www.microrna.org), 3′-UTR of 
EZH2 has been shown to have a complementary sequence 
for binding to miR-124.  In line with the previous studies, 
our results confirmed that EZH2 is a target gene of miR-
124 (15, 16).

Numerous studies have reported down-regulation of 
CDKN2A in almost all MM cases, despite infrequent 
genetic aberrations of the related gene. Promoter hyper-
methylation of the CDKN2A occurs only in 40% of patient 
with MM (21-23). Additionally, promoter methylation of 
CDKN2A does not seems to be the sole or at least the 
main element of silencing this locus, since even the cases 
without promoter methylation status express low level of 
CDKN2A gene (3, 22). Through specific inhibiting EZH2 
expression, mediated by miR-124, we suggested that this 
histone modifying enzyme can be among the key elements 
causing CDKN2A low expression in MM. We showed 
that inhibition of PRC2 complex through targeting EZH2 
by miR-124 would lead to increased expression level of 
CDKN2A gene. This result was consistent to  Overhoff 
et al. (24) who found a positive feedback loop between 
senescence-associated miRNAs targeting EZH2 and 
inducing CDKN2A gene in both human epithelial cells and 
fibroblasts. These findings suggest a potential approach 
for recovery of CDKN2A expression level by targeting 
epigenetic suppressor complexes in MM disease. 

There are several cell cycle studies showing that G1 
controlling proteins which are suppressed in most MM 
cases. This suggests the critical role of negative cell cycle 
checkpoint regulators, such as P16 in MM’s pathogenesis 
(3, 21, 25). By inhibiting EZH2, through overexpression 
of a miRNA, we proposed a simple and efficient strategy 
to increase CDKN2A expression. This resulted in a 
decrease of proliferation and viability of myeloma cell 
line. We showed that indirect up-regulation of CDKN2A 
gene, through exogenous expression of miR-124, resulted 
in increasing the number of cells accumulated in the 
G1 phase of the cell cycle. Moreover, it was shown 
that prolonged G1 arrest would diminish anti-apoptotic 
proteins like IRF4, which protecting myeloma cells from 
apoptosis or decreasing chemo-resistance (26).

It has been previously determined that INK4b-
ARF-CDKN2A locus encoding three important tumor 
suppressors, P15INK4b, P14ARF, and P16INK4a is tightly 
controlled (27). Different factors participate in the 
regulation of this locus along with PRCs (PRC1 and 
PRC2), including long non-coding RNAs (lncRNAs), 
specially ANRIL (28). So, for sufficient elevation of gene 
expression levels in this locus, targeting two or more 
molecules could likely reinforce arbitrary impacts on 
CDKN2A.

Conclusion
Collectively, CDKN2A is a vital controller of the cell 

cycle in malignant plasma cells. It is negatively affected 
by suppressive histone marks, through PRC complexes. 
miR-124 is able to eliminate adverse impacts on the 
expression level of INK4b-ARF-CDKN2A locus through 
targeting EZH2. However, multiple factors are involved 
in PRC2-mediated histone changes; therefore, other 
factors like structural subunits of PRC complex as well as 
ANRIL, working as an scaffold for PRC complexes, can 
be targeted along with EZH2. It can also be recommended 

http://www.microrna.org
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for future researches that miR-targeted cells can be 
treated with chemotherapeutical agents coincidently 
and following analysis can reveal efficiency of this anti-
cancer strategy.
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Abstract
Objective: The purpose of this study was to develop multivalent antibody constructs via grafting anti-HER2 antibodies, 
including Herceptin and oligoclonal-variable domain of heavy chain antibodies (VHHs), onto liposome membranes to 
enhance antibody activity and compare their effect on phospholipase C (PLC) signaling pathway with control.    
Materials and Methods: In this experimental study, SKBR3 and BT-474 cell lines as HER2 positive and MCF10A cell 
line as normal cell were screened with anti-HER2 antibodies, including constructs of multivalent liposomal antibody 
developed with Herceptin and anti-HER2 oligoclonal-VHHs. To confirm the accuracy of the study, immunofluorescent 
assay, migration assay and immuno-liposome binding ability to HER2 were evaluated. Finally, the antibodies effect on 
PLCγ1 protein level was measured by an immunoassay method (ELISA).               
Results: In the present study, by using multivalent form of antibodies, we were able to significantly inhibit the PLCγ1 
protein level. Interestingly, the results of migration assay, used for study the motility of different types of cell, shows 
correspondingly decreased number of immigrated cells in SKBR3 and BT-474 cell lines. Since MCF10A cells show no 
overexpression of HER2, as expected, the result did not show any change in PLCγ1 level. Moreover, immunofluorescent 
assay has confirmed high expression of HER2 in SKBR3 and BT-474 cell lines and low HER2 expression on MCF10A 
cell line. High binding of immuno-liposome to SKBR3 and BT-474 cells and low binding to MCF10A confirmed that in 
this study anti-HER2 antibodies have conserved binding ability to HER2 even after conjugation with liposome.                         
Conclusion: PLCγ1 protein levels did indeed decrease after treatment with immuno-liposome form of compounds in both 
two tested cell lines, verifying the inhibition ability of them. Moreover, an elevated antibody activity is associated with liposomes 
conjugation suggesting that immuno-liposome may be a potential target for enhancing the antibody activity.    
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Introduction 
Breast cancer is a well-known cancer among women 

worldwide (1, 2). Amplification of HER2 oncogene, as a 
member of the epidermal growth factor receptor (EFGR, 
also knwon as HER) family in human, leads to expansion 
and progression of the defined offensive types of breast 
cancer. Moreover, it has been known that HER2 plays a 
critical role in uncontrolled propagation of cancer cells 
in breast cancer through dysregulation of HER2-mediated 
signaling pathways. Hence, in the last decades, HER2 
targeting has been applied as a strategy for curing this 
type of cancer (3). The previous studies showed that 
HER2 has no specific ligand and activated by homo- or 
hetero-dimerization with other family members such as 
HER1 and HER3. In addition, HER2 dimerization results 
in auto-phosphorylation on tyrosine and cytoplasmic 
domain residues of the receptors result in a variety of 
signaling pathways including phospholipase C (PLC) 
initiates (4, 5). 

PLC, which belongs to membrane-associated enzyme 

family, plays a remarkable role in signal transduction 
pathways in response to hormones, growth factors 
and neurotransmitters. PLC hydrolyzes phospholipid 
phosphatidylinositol 4 and 5-bisphosphate (PIP2) 
to produce 1,2-diacylglycerol (DAG) and inositol 
1,4,5-trisphosphate (IP3). Therefore, DAG and IP3 act 
as significant secondary messengers in initiating various 
cellular processes as well as substrating the synthesis 
of some important signaling molecules. Based on PLC 
similarities in their conserved core structure and its 
different act in the specific domains of each family, 
they are classified into six isotypes, including PLCβ, 
PLCγ, PLCδ, PLCε, PLCζ and PLCη in mammals (6). 
The γ1 isoform of PLC is one of the popular signaling 
proteins, with a molecular weight of 145-kDa, encoded 
by PLCγ1 gene in humans. it is activated in response to 
growth factors or integrin receptors-dependent pathways 
(7, 8). Phosphorylation on tyrosine residue 783 of PLCγ1 
activates this enzyme to contribute critical roles in cell 
migration, invasion and spreading in cancers (7, 9, 10). 

https://en.wikipedia.org/wiki/Gene_duplication
https://en.wikipedia.org/wiki/Oncogene
https://en.wikipedia.org/wiki/Phospholipase_C
https://en.wikipedia.org/wiki/Signal_transduction
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By studying PLCγ1 and the corresponding role in tumors 
like breast carcinomas, it was clarified that extreme 
expression of PLCγ1 facilitates cancer metastasis, while 
blocking this protein will halt the cancer expansion (7, 
11). Consequently, PLCγ1 can be considered as a key 
regulator in cell migration upon RTK signaling and 
the development of new anti-cancer drugs could be an 
ongoing research field around this protein (12).

Recombinant antibody technologies, generating novel 
drug formats, honored the Nobel Prize in 1970 and 
considered as a revolution in Immunology (13, 14). A 
variable domain of heavy chain antibodies (VHH), as the 
novel member of recombinant antibodies which is found 
in Camelidae, consists of a single monomeric variable 
antibody domain, applying selective binding to a specific 
antigen. Molecular weight of this extraordinary fragment 
is 15 kDa and it is characterized by 4 nm height and a 
2.5 nm diameter and with desirable properties such as 
convenient cloning, affordable manufacturing, supreme 
stability and invisible epitopes binding that make it an 
attractive option in cancer treatment (15-18). 

Monoclonal antibody (mAb) has a monovalent affinity 
for the same epitope on an antigen which may lead to 
certain limitations such as resistance and limited efficacy 
in therapy. In contrast, oligoclonal antibodies, as the new 
model of this era, mimics the natural immune system 
and consist of a mixture of mAb clones. Altogether, 
they show specificity of monoclonal antibodies as well 
as sensitivity and affinity of polyclonal antibodies. 
Therefore, a combination of monoclonal antibodies with 
an oligoclonal-based approach might be more effective 
than monotherapy (19).

Multivalent antibody constructs, as a novel product 
in therapeutic purposes, attracted more attention within 
the last few years. This structure consists of a suitable 
surface to bind into 10s-100s of molecules in order to 
increase the efficiency of the antibody/target complex. 
When multivalent constructs of antibody subjects tumor 
antigens, capacity and avidity of the structure culminates 
due to target/antibody gathering (20). Consequently, 
they may form the fundamental aspects of developing a 
cancer therapy in pharmaceuticals. One way to formulate 
the structure is through the conjugation of antibodies 
on the surface of a liposome. Liposomes consist of the 
lipid bilayer membrane  surrounding an aqueous core and 
attaching multiple copies of antibodies on each liposome 
could provide multi-valency to them (21, 22).

The present study explores an alternative strategy to 
enhance therapeutic activity of anti-HER2 antibodies, 
namely combining three distinct VHHs. The next challenge 
is to develop a multivalent constructs of antibodies that 
can effectively decrease PLCγ1 protein level compared 
to the control. 

Materials and Methods 
Cell lines and culture conditions

In this experimental study, as two HER2-overexpressing 

breast cancer cell lines, SKBR3 (adenocarcinoma epithelial 
cells) and BT-474 (ductal carcinoma epithelial cells) 
were purchased from DMSZ (Braunschweig, Germany). 
SKBR3 cells were grown in Dulbecco’s Modified Eagle 
Medium (DMEM, Thermo Fisher Scientific, USA) 
enriched with 15% fetal bovine serum (FBS, Thermo 
Fisher Scientific, USA), 10 mg/ml insulin (Sigma-
Aldrich, USA) and 1x penicillin-streptomycin (100x 
solutions, Thermo Fisher Scientific, USA). BT-474 cells 
were cultured in RPMI-1640 (Thermo Fisher Scientific, 
USA) supplemented with 10 mg/ml insulin, 20% FBS and 
1x penicillin-streptomycin. Moreover, MCF10A (human 
breast fibrocystic disease/normal epithelial cells) as a 
HER2-negative model were grown in DMEM/Nutrient 
Mixture F-12 (DMEM/F12, Thermo Fisher Scientific, 
USA) completed with 0.001 mg/ml insulin, 20 ng/ml 
epidermal growth factor (EGF, Peprotech, USA), 5% 
horse serum (Thermo Fisher Scientific, USA), 500 ng/ml 
hydrocortisone (Sigma-Aldrich, USA) and 1x penicillin-
streptomycin.

Purification of anti-HER2 VHHs 
The anti-HER2 VHHs clones (RR4, RR3 and RR13) 

were isolated using phage display technique and 
transformed in shuffle T7 competent E. coli (NEB, USA) 
(15, 23). Luria-Bertani (LB) broth containing 100 mg/
ml Kanamycin was used to produce a starter culture at 
37˚C. Then, it was inoculated at a 1:1000 dilution rate into 
Terrific Broth (TB) contained Kanamycin and incubated 
at 37˚C until optical density (OD)600 nm was reached to 0.5. 
In the next step, 0.25 mM isopropyl-ß-D-thio-galactoside 
(IPTG, MW 238g/mol, Sigma-Aldrich, USA) was used 
to induce protein expression at 18˚C overnight. After 
centrifugation at 5000×g for 15 minutes (4˚C), 5 ml lysis 
buffer (including 50 mM Na2HP4, 300 mM NaCl, 15 mM 
imidazole, 1 mM phenylmethane sulfonyl fluoride as a 
serine protease inhibitor from Sigma-Aldrich, 1% Triton 
X-100 and 100 mg/ml lysozyme, pH=8.0) was added 
to each gram of pellet and incubated for 30 minutes at 
room temperature (RT), followed by sonication (60% 
power, 2 cycles: 5 minutes with 5 minutes interval on 
ice). The yield of suspension was centrifuged at 5200×g 
for 30 minutes (4˚C) and the supernatant containing 
proteins was passed through a 0.45 μm filter immediately 
before applying to the column. Then, it was applied to 
pre-equilibrated nickel-nitrilotriacetic acid column (Ni-
NTA, Qiagen, Germany) with adsorption buffer (500 mM 
NaCl, 50 mM NaH2PO4, 20 mM imidazole, pH=8.0) at 
4˚C. Next, the column was washed with adsorption buffer 
(500 mM NaCl, 50 mM NaH2PO4, 20 mM imidazole, 
pH=7.5) five column volumes (CV). The adsorbed VHHs 
were eluted using the imidazole buffer (500 mM NaCl, 
50 mM NaH2PO4, 500 mM imidazole, pH=8.0) two 
CVs. Purified VHHs were collected with a flow rate of 
1 ml/minute, followed by de-saltation and concentration 
by Amicon filter (EMD Millipore, Germany) using 3 
kDa cut-off. Total protein concentration was measured 
by Bradford assay (24) and finally analyzed by sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
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PAGE) (25). Purified VHHs confirmation was approved 
by western blotting assay (Abcam protocol, UK) using 
6x-histidine tag IgG and anti-mouse-HRP antibodies with 
3,3′-Diaminobenzidine (DAB, Sigma-Aldrich, USA).

Liposome preparation and characterization
Liposomes were composed of 

dipalmitoylphosphatidylcholine (DPPC), DSPE-PEG 
(2000) maleimide, cholesterol, 1.2-distearoyl-sn-
glycero-3-phosphoethanolamine-N-(amino(polyethylene 
glycol)-2000) (DSPE-PEG2000) with respectively 7, 
0.1, 2.5 and 0.4 µmol volume, obtaining from Avanti 
Polar Lipids (USA). After dissolving in chloroform and 
methanol solutions (rate of 9:1 v/v, both from Sigma-
Aldrich, USA), thin biofilm was formed in a round-bottom 
flask. After evaporation of the resulting suspension, a 
rotary evaporator under low pressure (45˚C, 70 rpm) was 
used up to completely removing the solvents. In continue, 
the produced biofilm was hydrated in 1.2 ml sodium 
phosphate buffer (including 50 mM NaH2PO4, 0.15 mM 
NaCl and 1 mM EDTA, pH=7.0) at 70˚C resulting in 
spontaneously organized multi-lamellar vesicles (MLVs). 
Finally, the MLVs were extruded 21 times at 65˚C through 
0.1 µm pore sized polycarbonate membranes (Avanti Polar 
Lipids,  USA) using an Avanti’s mini-extruder (Avanti 
Polar Lipids) to form small uni-lamellar vesicles. After 
incubation of the liposomes at RT to cool-down, they 
were stored at 4˚C. Produced liposome diameters were 
defined by a Zetasizer Nano APS (Malvern Instruments 
Ltd, UK) at 25˚C following the appropriate dilution with 
phosphate buffered saline (PBS). 

Synthesis of immuno-liposomes
Anti-HER2 oligoclonal-VHHs and Herceptin (a 

mAb against HER2) were thiolated using 2-iminothiolane 
hydrochloride (Traut’s reagent, Sigma-Aldrich, USA) in 
sodium borate buffer (composed of 0.15 M H3BO3 and 1 
mM EDTA, pH=8.3) by incubating for 60 minutes at RT. 
The buffer was next concentrated and exchanged with 
sodium phosphatase buffer (including 50 mM NaH2PO4, 
0.15 mM NaCl, 1 mM EDTA, pH=7.0) using appropriate 
Amicon filters (EMD Millipore, USA) with respectively 
3 and 100 kDa cut-off. Thiolated antibodies were used 
in conjugation with liposomes at a molar ratio of 10:1 
(2-iminothiolane: antibody). In order to do this, 50 mg of the 
prepared liposomes containing maleimide-terminated linker 
was mixed with 1.7 mg/ml of thiolated VHHs and 1 mg/ml 
of thiolated Herceptin under constant gentle shaking for 1 
hour at RT, following unconjugated antibodies elimination 
by ultra-centrifugation at 30000×g for 1 hour. The sample 
volumes were adjusted to 1 ml with the mentioned sodium 
phosphate buffer and PEGylated immuno-liposomes were 
sterilized by transmission through a 0.22 mm sterile filter 
and stored at 4˚C. In continue, SDS-PAGE following on 
silver staining was used for confirmation of conjugation 
(26). The zeta potential and average size of PEGylated 
immuno-liposome were calculated using a dynamic 
light scattering technique (DLS) at maximum 830 nm 
laser sources and a scattering angle of 90° at RT. Three 

different tests were done for each estimation. The amount 
of bounded antibodies to liposome was calculated as 
described by Allen et al. (27) considering that the diameter 
of 17 kDa VHH molecule was around 14.2 A° and sum 
of the area of a cholesterol molecule and phospholipid 
in liposome was 81 A° for a DPPC:cholesterol, in 1:1 
molar ratio (the area of polar head for phospholipid and 
cholesterol were respectively 72 A° and around 19 A°). 

In vitro fluorescent imaging of liposomes 
In order to determine binding ability of anti-HER2 

antibodies, the liposomes were labeled by PKH67 green 
fluorescent cell linker kit (Sigma-Aldrich, USA) as 
described in the manufacturer’s handbook with some 
modifications. Briefly, 1 mg liposomes was washed twice 
in PBS and centrifuged at 400×g for 5 minutes to obtain a 
loose pellet. The supernatant was then carefully aspirated 
and liposome was suspended in 1 ml diluent C staining 
vehicle (included in the kit; it is a solution to maximize 
dye solubility and efficiency) via gentle pipetting. After 
preparing 2x Dye solution (4×10–6 M in diluent C) 
immediately and before staining, liposome suspension 
was mixed with the dye solution (1:1) and incubated 
for 5 minutes with periodic mixing. The staining was 
stopped by adding an equal volume of 1% bovine serum 
albomine (BSA) for one minute. Then, the suspension was 
centrifuged at 400×g for 10 minutes (RT) in order to omit 
excess dies. Finally, the supernatant was removed and 
washed liposome was suspended in 10 ml PBS. 48 hours 
prior to preparing fluorescent-labeled liposome, SKBR3 
and MCF10A cells were cultured in a 24-well plate 
(10000 cells per well). The growth medium was replaced 
with fresh medium containing 500 µg/ml of each labeled 
non-conjugated liposome, labeled Herceptin-conjugated 
liposome and labeled oligoclonal-VHHs-conjugated 
liposome. After 15 minutes, the cells were rinsed with 
PBS (pH=7.4) once and visualized using fluorescence 
microscopy at 635 nm wavelength.

Immunofluorscent studies of the fixed cultured SK-BR-3, 
BT-474 and MCF10A cells

Immunofluorscent protocol (Abcam, UK) was used to 
quantitate HER2 amplification on SKBR3, BT-474 and 
MCF10A cell lines. Briefly, the cells were grown on 
chambered cell culture slides (Green Bio Research, USA) 
to a density of 10000 cells/cm2 in the aforesaid medium. 
The monolayer cells were fixed in 4% paraformaldehyde 
(PFA, Merck, Germany) in PBS (pH=7.3) for 20 minutes 
on ice.  The fixed monolayer cells were blocked and 
permeabilized by incubation in 3% BSA, 0.1% Triton 
X-100 in PBS (pH=7.3) at RT for 20 minutes. Then, the 
cells were reacted with rabbit Anti-ErbB2 mAb (EP1045Y; 
final concentration of 1:250) primary antibodies (Abcam, 
UK) for 60 minutes at RT. Finally, 4′,6-diamidino-2-
phenylindole (DAPI, 1:10000, Sigma-Aldrich, USA) was 
added and incubated for five minutes. The fluorescence 
was detected by fluorescence microscopy at 635 nm 
wavelength.
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Cell migration assay
Cell migration assay was done in transwell polycarbonate 

membrane inserts (tissue-culture-treated, 24 well format, 8 µm 
pores, Sigma-Aldrich, USA) coated with 40 µg/ml collagen 
I (Sigma-Aldrich, USA). SKBR3 and BT-474 cells were 
pretreated with the mentioned amount of different treatments 
for 30 minutes and they were subsequently detached. The cells 
were then suspended in DMEM and RPMI-1640 containing 
the treatments, added (20000 cells/100 µl) to the top of each 
migration chamber, and allowed to migrate. After 2 and 24 
hours, the membrane drained out. The cells, which had not 
migrated, were removed with a cotton swab. The cells on the 
insert filter were fixed with 4% paraformaldehyde, stained 
with 1% crystal violet and then counted.

Total PLCγ1 protein expression assay
To determine total PLCγ1 protein content by western 

blotting (Abcam, UK), the membranes were blotted with anti-
PLCγ1 mouse primary mAb (Merk, Germany) visualized 
with anti-rabbit horseradish peroxidase (HRP)-conjugated 
goat secondary antibody (Elabscience, China). The protein 
bands were detected using the enhanced chemiluminescence 
(ECL) western detection system (Amersham Pharmacia 
Biotech, USA). Β-actin antibody (Cell Signaling Technology, 
USA) was used as housekeeping protein.

PLCγ1 protein immunoassay
Antigen binding ability of the prepared immuno-liposomes 

was immediately studied after labeling. 500000 cells from 
each BT-474, SKBR3 and MCF10A line were seeded in 
T25 flasks and incubated for 24 hours. Then, the cells were 
subjected to 7.37 µg/ml, 19.61 µg/ml, 26.12 µg/ml, 10 
μg/ml and 38.7 μg/ml of respectively RR3, RR4, RR13, 
Herceptin and oligoclonal-VHHs final concentration. In 
addition, 50 mg/ml of non-conjugated liposome, Herceptin-
conjugated liposome and oligoclonal-VHHs-conjugated 
liposome were added to each flask. Herceptin concentration 
was chosen based upon the previously reported data (28)þ 
, and VHH concentrations were based upon the mass ratio 
between Herceptin (160 kDa) and VHHs (RR3, 16.9 kDa; 
RR4, 15.7 kDa and RR13, 16.9 kDa) and the cells were 
approximately at the same viability and confluence on the 
day of treatment. After 2 and 24 hours, the medium was 
discarded and the cells were washed with PBS (pH=7.4). 
Then, the washed cells were lysed with RIPA Buffer 10X 
(Cell Signaling Technology). Total protein concentration was 
determined by Bradford method. To detect PLCγ1 protein an 
enzyme-linked immunosorbent assay (ELISA) kit was used 
for human specific PLC gamma 1 (PLCΓ1, Cloud-Clone 
Corp., USA) relying on a sandwich enzyme immunoassay 
for in vitro quantitative measurement of PLCγ1 in some 
biological fluids. The procedure was done according to 
the kit handbook (SEA269hu 96 Tests). The standards 
or samples were added to microtiter the plate containing 
biotin-conjugated PLCγ1antibody. Then, HRP conjugated 
avidin solutions were added to each well and incubated 
for 30 minutes at 37˚C. Only the color of those wells that 
contained PLCγ1 protein was changed. The reaction was 
stopped using 0.2 M sulphuric acid. Finally, the level of color 
changing was measured spectrophotometrically at OD450 nm. 

The concentrations of PLCγ1 in the samples were determined 
comparing to the used standard curve.

Statistical analysis
Statistical analysis was carried out using SPSS for 

windows, version 16.0 (SPSS Inc., USA). A one-way 
ANOVA, followed by the least significant difference 
(LSD) test was used to compare different groups. Levels of 
P<0.05, P<0.01 and P<0.001 were considered statistically 
significant. Data are expressed as mean ± SD.

Results 
Anti-HER2 VHHs expression and purification

A single protein band was obtained for each VHH with the 
expected molecular mass, as shown in the figure obtained 
from 12% SDS-PAGE (Fig.1A) using Coomassie blue 
staining. The Bradford assay results indicated obtaining 
almost 2.13 mg/ml, 1.95 mg/ml and 1.35 mg/ml protein for 
respectively RR3, RR4 and RR13 per 250 ml of bacterial 
culture. The validity of VHHs purification was confirmed by 
Immunoblot detection using mouse anti-6x his-tag IgG and 
anti-mouse-HRP antibodies, showing the bands around 17 
kDa. This confirms successful expression and purification of 
the soluble VHHs (Fig.1B-E).
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Fig.1: Expression and purification of VHHs and confirmation of its 
conjugation to liposome. A. SDS-PAGE analysis of anti-HER2 VHHs 
purification using nickel affinity chromatography. Lane 1; Molecular 
weight of protein markers, Lane 2; RR3, Lane 3; RR4, and Lane 4; RR 13, B. 
Western blotting analysis of anti-HER2 VHHs using 6x-histidine tag IgG and 
anti-mouse-HRP antibodies with DAB. Lane 1; Protein molecular weight 
marker, Lane 2; RR3, Lane 3; RR4, Lane 4; RR13, C. Confirmation of anti-
HER2 VHHs conjugation on the surface of liposome by SDS-PAGE silver 
staining. Lane 1; Protein molecular weight marker, Lane 2; Non-conjugated 
liposome, Lane 3; VHHs-conjugated liposome and phospholipid debris, 
D. Detection of B-actin, and E. Total PLCγ1 expression in different breast 
cancer cell lines by western blotting. SDS-PAGE; Sodium dodecyl sulphate-
polyacrylamide gel electrophoresis and VHH; Variable domain of heavy 
chain antibodies.

Characterization of liposomes

Zeta potential and particle size 

Zeta potential and particle size, as two most 
important characterization parameters, help predict 
the stability and act of liposomes. Both of the size and 
zeta potential results showed excellent reproducibility 
after three times repetition (Fig.2). The results 
indicated a monodisperse system for the naked PEG 
derived liposome with the size below 100 ± 10 nm, 
corresponding to the diameter of polycarbonate filter, 
but the particle size of antibody conjugated liposome 
was in a mean size of 110 ± 10 nm. This confirmed 
VHHs conjugation with PEGylated liposomes.

Zeta potential measures the protein electrophoretic 
mobility that is defined by the overall charge of a 
particle in a particular medium. So, any subsequent 
modification of the liposome surface can be monitored 
through its measurement. While working with the 
cell lines, it is preferable to have a ZP which should 
not be too much negative, since the cell membrane 
is already negatively charged; thus, it causes more 
interactions between nano-carrier and the cell. In 
this study, the mean zeta potential of the naked PEG 
derived liposome was 0.42 ± 0.1 mV which is close to 
neutral range. However, it was decreased into -5 mv 
after liposomes modification by VHHs indicating that 
the VHHs induce a negative charge on the surface of 
liposomes to minimize nonspecific interaction with 
cell membrane. 

Fig.2: Physicochemical characterization of PEGylated liposome and 
PEGylated immuno-liposome. A. Mean size and B. Zeta potential. Data are 
expressed as the mean ± SD (n=3).

Determination of oligoclonal-VHHs liposome 
conjugation

Integrity of VHHs on liposome was confirmed by SDS-
PAGE, followed by silver staining (Fig.1). The conjugated 
VHHs molecular weight of the band was around 20 kDa 
which was larger than free VHHs molecular weight 
(16.9 kDa). VHHs molecular weight was approximately 
increased 3kDa, due to the ligation of VHHs to Mal-
PEG2000-DSPE. This finding showed that intact form of 
the VHHs was efficiently incorporated into the liposome.

In vitro fluorescent imaging of liposomes 
Fluorescence-labeled liposomes were prepared from a 

homogeneous population of uni-lamellar liposomes by 
incorporating PKH67 green fluorescent dye into the liposomal 
phospholipid bilayer. By using a fluorescence microscopy, it 
was shown that cultured cells were labeled with fluorescent 
liposomes and a clear shine was observed (Fig.3). The results 
indicated strong observation of fluorescence in SKBR3 cells, 
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despite MCF10A cells confirmed specific binding 
ability of immuno-liposomes. Moreover, obtaining the 
similar fluorescence by Herceptin and VHHs showed 
comparable HER2 binding ability of VHHs against 
Herceptin. 

Immunofluorescent analysis of the fixed cultured cells
In the preparation of the fixed cells, Immunofluorescent 

experiments with  anti-ErbB2 antibody [EP1045Y]  
detected high levels of HER2 protein in SKBR3 and 
BT-474 as HER2 positive cell lines, compared to the 
MCF10A as a normal cell line (Fig.4). A notably high-
strength of HER2 fluorescence signal were localized 
to the cell membrane in SKBR3 and BT-474 cell lines, 
whereas only low signal levels were found in the 
MCF10A control.

Fig.3: Representation of binding ability of PKH67 labeled Herceptin-conjugated liposome, oligoclonal VHHs-conjugated liposome and non-conjugated liposome on 
HER2-positive and HER2-negative cells using Nikon EcliPSE Ti fluorescence microscopy (Nikon, Japan), on A. SKBR3 and B. MCF10A cells (scale bar: 0.1 µm). 

Fig.4: Immuno-fluorescent analyses of HER2 production  using fluorescent anti-ErbB2 antibody [EP1045Y] ,on the fixed cultured cells of A. SK-BR-3, B. BT-
474, and C. MCF-7 cell lines by Nikon EcliPSE Ti fluorescence microscopy. The results of this test shows high-expression  of HER2 on the surface of  SKBR3 
cells and BT-474 cells, cells, and Very low-expression for MCF10A cells.
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Immuno-liposomes detracted cell migration
We next tested the effect of different anti-HER2 

antibodies on cell migration in SKBR3 and BT-474 cell 
lines. Treatment with Immuno-liposomes specifically 
reduced the cell migration as well as Herceptin and 
oligoclonal-VHHs in both cell lines (Fig.5). No inhibition 
was observed when the other treatments were used in 
comparison with the control. 

Fig.5: Functional characterization of immunoliposomes. A. Cell migration 
assay in BT-474 cells, B. Cell migration assay in SKBR3 cells. In vitro 
treatment of cancer cells with monovalent or liposomal antibody 
constructs including Herceptin, RR3, RR4, RR13, oligoclonal-VHHs (oligo-
VHH), non-conjugated liposome (non-con-lipo), Herceptin conjugated 
liposome (Her-con-lip) and oligoclonal-VHHs conjugated liposome (oligo 
VHH-con-lip) in C. BT-474, D. SKBR3, as HER2 positive cell lines, and E. 
MCF10A, as a normal cell line. The total cell numbers, migrated cells 
and plcγ1 protein concentration were quantitated after 2 and 24 hours 
of different treatments. *; P<0.05 and **; P<0.01 shows the significant 
decrease after treatment by Herceptin and oligoclonal-VHHs individually 
or in conjugation with liposome against control. Data show mean ± SD.

Total PLCγ1 protein expression
High levels of PLCγ1 protein expression were detected 

in the SKBR3 and BT-474 positive cells for HER2 
whereas the corresponding bands in the MCF10A control 
cells were very low (Fig.1E). All cell lines expressed clear 
and distinct bands of B-actin (Fig.1D) indicating integrity 
of the assay.

PLCγ1 protein immunoassay
The effects of free and liposome conjugated anti-HER2 

antibodies on PLC pathway were studied in SKBR3, 
BT-474 and MCF10A cells via PLCγ1 protein level, 
as PLC pathway downstream target introduced as an 
essential factor for metastasis development and cancer 
progression (6). As the results showed (Fig.5), in both of 
HER2 positive cells, oligoclonal-VHHs and Herceptin 
individually or in liposome conjugated form, decreased 
PLCγ1 protein level in comparison with the untreated 
cells (SKBR3: Herceptin P=0.028, oligoconal-VHHs 
P=0.031, Herceptin conjugated liposome P=0.026 and 
oligoclonal-VHHs conjugated liposome P=0.025, BT-
474: Herceptin P=0.04, oligoconal-VHHs P=0.034, 
Herceptin conjugated liposome P=0.011, and oligoclonal-
VHHs conjugated liposome P=0.018). The result did 
not show any change in PLCγ1 level of MCF10A cells, 
since these cells showed no overexpression of HER2. In 
addition, activity of immuno-liposomes was magnified. 
In this case, the liposome form which antibodies were 
cumulated on its surface, increased the effect of the 
antibodies. 

The charts represent results of different treatments in 
the three indicated cell lines (Fig.5). This observation 
collaborates with the fact that free antibodies induced a 
decline in the quantity of PLCγ1 protein in HER2 positive 
cells, emphasizing that liposomal conjugated antibodies 
decreased it even more significantly. It is worthy to say 
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that differences in the ability of individual antibody 
and immuno-liposomes in PLC cell signaling pathway 
modulation could be therapeutically important (29, 30). 

Discussion
Previous studies suggested that overexpression of 

PLCγ1 protein is one of the key factors in cellular 
migration and invasion. It can be proposed as a vital 
enzyme in the development and maintenance of tumor 
metastasis (11).  Despite it has been shown that PLCγ1 
is activated by HER2 (1), in practice, no dedicated HER2 
target has been introduced to control the activity of PLCγ1 
protein (3) and it seems urgent to consider this issue. 

The present study has investigated the effect of multi-
capacity immuno-suppressive agents carrying anti-HER2 
compounds in vitro. As observed, oligoclonal-VHHs and 
Herceptin can decrease the level of the PLCγ1 protein and 
immuno-liposomal application also intensifies this effect. 
Finding similar results in BT-474 and SKBR3 cancer 
cells can confirm the ability to strengthen antibody-
based therapies using immuno-liposomal technology. 
One of the most important advantages of the multiplicity 
structure antibody is the increased binding reliability 
compared to single antibodies (31). Although clinical 
trials of mAb therapy have provided the best hope for 
increasing the clinical benefits of antibodies, especially 
for inhibiting signaling via tyrosine kinase receptors 
(32), enhancing their performance in some features such 
as stability, affinity, specificity and size as well as their 
pharmacokinetic properties are still being studied and the 
demand for introducing suitable alternatives has become 
a challenge. In this case, discovery of heavy chain 
antibodies in camel species has created a new opportunity 
(33). In comparison with conventional antibodies, heavy 
chain antibodies have been completely evolved in the 
absence of light chains, while their unique biophysical 
and pharmacologic properties have categorized these 
molecules as a new member of antibody-based therapy 
agents enabling them to gradually make obsolute 
commonly used therapeutic antibodies (34). Additionally, 
improvement in the expression and purification of 
oligoclonal antibody mixtures in the field of therapeutic 
agent productions provides an opportunity for imitation 
of the natural immune system and oligoclonal VHHs 
are suggested as a good tool for improving overall 
response. Recently, a clinical trial combined Pertuzumab 
and Trastuzumab with high affinity against different 
subdomains of the HER2 extracellular domain and 
reported a 24.2% response rate in HER2-positive breast 
cancer patients (15). Moreover, other clinical trial 
showed that non-overlapping binding of two anti-EGFR 
monoclonal antibodies promoted reduction of receptor 
expression on the cell surface. Furthermore, combination 
of Pertuzumab and Trastuzumab oligoclonal antibodies 
blocked HER2-dependent signals much more efficiently 
compared to its individual components (35). 

In recent years, several strategies have been established 
to improve the efficiency of antibody-based therapies, 

among which immuno-liposomes, as a strong approach, 
have potential to produce multi-dose antibodies to 
enhance the action of antibody-based therapies. They 
have also been appeared  as a common thread for a 
broad range of biological processes which can mediate 
the multiplicative interactions of cellular signaling by 
developing the cross-linking of antibody/target complex 
(6). Chiu et al. (21) examined the potency of free and 
liposomal form of Trastuzumab to detract the expression 
levels of HER2 and Akt, as respectively a target and 
downstream molecule. She demonstrated that multiplicity 
of liposomal Trastuzumab can reduce active regulation of 
the Akt phosphorylated form.

One of the remarkable cases in this study is the 
observation of different behavior of individual VHHs in 
HER2-positive cells. As the results show, RR3 and RR13 
showed a decrease after two hours, followed by slightly 
increase in the amount of PLCγ1 protein level after 24 
hours. This could strongly suggest different epitopes 
diagnosis and their effect on PLCγ1 protein in these two 
VHHs, while the effect of oligoclonal VHHs showed an 
increase in 2 and 24 hours. The challenge of differences 
in their behavior might be answered by considering the 
overall synergistic effect of oligoclonal-VHHs.

Prior to investigating the therapeutic effect of 
immuno-liposomes, it was necessary to clarify some 
characteristics of experiment material, including: i. The 
ability of immuno-liposome binding after conjugation 
with antibodies. Since using fluorescence microscope 
is considered as an effective tool for assessing the 
cumulative effect of liposomes (36), preparation of 
the labeled immuno-liposomes was performed using a 
PKH67 fluorescence label, which specifically affects the 
lipid profile of membrane, and the liposome lipid structure 
allows application of this fluorescent (37). According to 
the results, observing stronger fluorescence in SKBR3 
compared to MCF10A cells confirmed successful 
attachment of the antibodies to the liposomal surface (8, 
38). ii. Immunofluorescent method was used to study 
HER2 protein level on two breast carcinoma cell lines: 
SK-BR-3 and BT-474 compared to MCF10A, as a normal 
cell line. The first two cell lines were characterized in 
terms of higher HER2 protein content, whereas MCF10A 
cells have a very low HER2 protein content. The method 
presented here compares high and low protein content by 
analyzing relative intensity of signals. 

iii. One of the considerable experiments was to 
determine total PLCγ1 protein in cell lysates by western 
blotting method, when an internal calibrator is included 
in the assay systems. Β-actin antibody showed a band 
with the same intensity in different treatments providing 
accurateness in the sample quantification among different 
assays. Using this antibody provides a good reference for 
confirming the correctness of total PLCγ1 protein level 
estimation in different samples. By comparing the results 
of total and phosphorylated form of PLCγ1 protein level, it 
is suggested that the inhibitory effect of this protein might 
not be due to the inhibition of total PLCγ1 synthesis, but 
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it happens after the protein phosphorylation.
iv. In terms of cell migration, some studies showed 

a relation between PLCγ1 protein and cell migration 
indicating the importance of considering immigration 
ability, in presence of HER2.

Therefore, considering the above indications, immuno-
liposome has been proposed as a construct of multi-
capacity antibody and it can be considered as a demanding 
intermediary in signaling pathways associated with cell 
metastasis.

Conclusion
These observations are along with previous studies and 

prepare a stimulating prospect for improving the avidity 
of antibodies by enhancing the quantity of binding of 
antibodies to antigens, especially in oligoclonal form, in 
comparison with single antibodies. Oligoclonal-VHHs-
conjugated liposome showed a significant elevated affinity 
in comparison with oligoclonal-VHHs itself. It indicates 
the effectiveness of these nanoparticles in targeting the 
HER2 receptor. Furthermore, the observation of similar 
results between conjugated liposomes with oligoconal-
VHHs and conjugated liposomes with Herceptin 
suggests the possibility of comparative effects of these 
two antibodies on HER2 positive cancer cells. Based on 
the results, this study might lead to the expansion of a 
clinically relevant nanomaterial, whereby PLCγ1, as an 
effective metastasis factor, is a suitable candidate for 
targeting. In addition, similar effect of oligoclonal-VHHs 
and Herceptin in liposome conjugation form remarkably 
brings new hopes to treat breast cancer with higher 
efficiency potential by using this approach. 
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Abstract
Objective: The purpose of this study was to investigate effect of plasma-derived exosomes of refractory/relapsed or 
responsive diffuse large B-cell lymphoma (DLBCL) patients on natural killer (NK) cell functions.     
Materials and Methods: In this cross-sectional and experimental study, NK cells were purified from responsive patients 
(n=10) or refractory/relapsed patients (n=12) and healthy donors (n=12). NK cells were treated with plasma-derived 
exosomes of responsive or refractory/relapsed patients. We examined the expression levels of hsa-miR-155-5p, hsa-
let-7g-5p, INPP5D (SHIP-1) and SOCS-1 in NK cells quantitative reverse transcription-polymerase chain reaction 
(qRT-PCR). Percentages of NK cells expressing CD69, NKG2D and CD16, NK cell cytotoxicity and NK cell proliferation 
(using flow-cytometry) as well as interferon-gamma (IFN-γ) level in the supernatant of NK cells using ELISA were also 
investigated.                
Results: We observed an increased level of hsa-miR-155-5p and a decreased level of SOCS-1 in NK cells 
treated with exosomes compared to untreated NK cell in healthy donors and DLBCL patients. An increase in 
hsa-miR-155-5p level was associated with an increased level of IFN-γ in healthy donors. The decreased levels 
of hsa-let-7g-5p were observed in NK cells treated with exosomes in comparison with untreated NK cells in 
DLBCL patients (P<0.05). There was no significant difference in the percentage of CD69+ NK cells and NKG2D+ 
NK cells in the absence or presence of exosomes of DLBCL patients in each group. Furthermore, we observed 
significant reduction of NK cell proliferation in DLBCL patients and healthy donors in the presence of exosomes 
of refractory/relapsed patients (P<0.05). A significant decrease was observed in cytotoxicity of NK cell in patients 
with DLBCL treated with exosomes of responsive patients.                        
Conclusion: Our findings demonstrated adverse effect of plasma-derived exosomes of DLBCL patients on some functions 
of NK cell. It was also determined that low NK cell count might be associated with impaired response to R-CHOP and an 
increased recurrence risk of cancer.     
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Introduction 
The most common high-grade form of non-hodgkin 

lymphoma (NHL) is diffuse large B-cell lymphoma 
(DLBCL) accounting for more than 30-40% of new 
cases. B-cells are divided into either indolent (prolonged 
survival but generally incurable) or aggressive (rapid 
growth but potentially curable). DLBCL is an aggressive 
type of lymphoma which can be cured with rituximab, 
cyclophosphamide, doxorubicin hydrochloride 
(hydroxydaunomycin), vincristine sulfate (oncovin) 
and prednisone (R-CHOP). More than half of patients 
experience complete responses (CRs) and approximately 
30% have partial responses (PRs). Despite the 
advance in treatment, relapsed and refractory disease 
represent a major treatment challenge; thus, about one-
third of patients are either refractory to the treatment or 
experience relapse (1). Hence, it is necessary to optimize 

front-line therapy, investigate the physiologic and 
immunologic circumstances of the patients and develop 
more effectively salvage strategies (2). 

Natural killer (NK) cells are differentiated from bone 
marrow and include 5-15% of all peripheral blood 
mononuclear cells (PBMC).  NK cells are defined as 
large granular lymphocytes expressing CD3-CD19-

CD56+. NK cells contribute to immune surveillance 
without prior immunization or major histocompatibility 
complex (MHC) restriction, as a major component 
of innate immunity. They induce cytotoxicity or 
secretion of cytokine/chemokine against infected 
cells, malignant cells and stressed cells (3). Interferon-
gamma (IFN-γ) produced by NK cells is a critical 
cytokine for the clearance of infectious pathogens and 
tumor surveillance. Efficient elimination of tumor cell 
generally requires collaboration between activating 
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and inhibitory receptors. These receptors, including 
NKp30, NKp46, NKG2D, DNAM-1 and the inducible 
co-stimulatory molecule CD137 (4-1BB), contribute 
to antitumor immunity (4). NK cells also express 
CD16 (FcγRIIIA), a low-affinity Fcγ receptor which 
can eliminate tumor cells bound to antibodies. CD16 
marker is expressed on the cytotoxic CD56dim NK-cell 
subset, which constitutes about 90% of peripheral NK 
cells (5). NK cells express activating type of IIIA Fc 
receptor (FcRƳIIIa; CD16a) on their surface. Thus, NK 
cell-mediated antibody-dependent cellular cytotoxicity 
(ADCC) occurs through binding to Antibody-
coated target cells, leading to NK-cell activation and 
degranulation (6).

Previous studies have shown that NK cell activation by IL-
2, IL-12, IL-15 and IL-18 leads to an increase in the expression 
levels of hsa-miR-155-5p and hsa-let-7g-5p. These cytokines 
activate signal transducer and activator of transcription 
(STATS). Then, activation of JAK/STATs triggers the 
suppressor of cytokine signaling (SOCS) proteins, especially 
SOCS-1, which is a negative regulator of this pathway and 
it inhibits activation of STATs. Additionally, hsa-miR-155-5p 
directly inhibits SOCS-1 expression. It seems that hsa-miR-
155-5p could regulate activation of the NK cells by inhibiting 
SOCS-1 (7).

Furthermore, NK cells stimulated by CD16 or IL-12 
and IL-18 induces an increase in the hsa-miR-155-5p 
expression. Overexpression of hsa-miR-155-5p targets Src 
homology 2 domain-containing Inositol 5′-phosphatase 
(SHIP-1) as a negative regulator, consequently up-
regulating phosphatidylinositol-3 kinase and enhancing 
IFN-γ production (8). IFN-γ is a critical cytokine for 
tumor surveillance. Therefore, understanding molecular 
pathways of IFN-γ expression could lead to identifying 
potential therapeutic targets for chronic inflammation and/
or cancer. In this regard, miR-155 could play an important 
role in NK cell activation, NK cell cytotoxicity and NK 
cell immunotherapy (9).

NKG2D is a member of CD94/NKG2 family of C-type 
lectin-like receptors. NKG2D is expressed by NK cells 
and connected to the MHC class I-related chain (MIC) 
A, MICB, and UL16-binding proteins (ULBPs). These 
proteins are expressed in the conditions of stress and 
disease, like cancer. Therefore, NKG2D with its ligands 
plays a critical role in immunosurveillance of cancer. 
A reduction of NKG2D ligands results in an impaired 
susceptibility to NKG2D-mediated cytotoxicity and 
systemic down-regulation of NKG2D in NK cells of 
cancer patients (10).

Exosomes are membrane nano-vesicles (30-100 nm) 
released by most of the cell types in biological fluids 
such as urine, serum and plasma. Exosomes are involved 
in both physiological and pathophysiological processes 
such as coagulation, immune stimulation or suppression, 
delivery of proteins and genetic material, cell-free viral 
infection, tumorigenesis and tumor immune escape. 
Exosomes from different sources contain various types 

of proteins, lipid classes and nucleic acids. On the other 
hand, due to the endosomal origin, they have similar 
protein and lipid combinations. Interestingly, molecular 
content of exosomes in the sera of cancer patients is 
different from other exosomes and this profile can induce 
or suppress immune responses. Exosomes carry genetic 
information in the form of DNA, mRNA and microRNA; 
therefore, they can potentially induce genetic changes in 
target cells (11).

microRNAs (miRs) including hsa-miR-155-5p 
play significant regulatory roles in proliferation, 
differentiation, signal transduction, immune responses 
and carcinogenesis (8). Some evidences showed that 
elevated expression levels of hsa-miR-155-5p in the 
serum and exosomes isolated from the patients can 
increase the occurrence of lymphoma, such as DLBCL 
(12, 13). Furthermore, studies showed an increased 
expression levels of hsa-miR-155-5p and hsa-let-
7g-5p in plasma-derived exosomes of patients with 
chronic lymphoblastic leukemia (CLL) (14). 

Let-7 family exerts effective anti-tumor and anti-
proliferative activities by repressing several oncogenes 
and key regulators of the cell cycle, cell differentiation 
and apoptotic pathways. This family is down-regulated 
in a number of human cancers such as lung, colon, 
ovarian and breast cancers. Therefore the restoration 
of let-7 expression might inhibit cancer growth (15, 
16). Let-7 family contributes to development, muscle 
formation, cell adhesion and gene regulation in 
physiological condition. A number of studies have 
shown that let-7 family is down-regulated in several 
types of cancer, including lung cancer, colon cancer 
and Burkitt’s lymphoma (17). Recent studies have 
indicated that hsa-let-7g-5p can prevent cell invasion 
and metastasis in gastric and breast cancers. A high 
hsa-let-7g-5p expression might correlate with a lower 
risk of cancer recurrence in patients with advanced 
pathological stage (18). 

The purpose of this study was to determine whether 
exosomes isolated from plasma of patients with DLBCL 
contribute to NK cell activation or suppression. Therefore, 
we evaluated their effects on some phenotypical and 
functional attributes of NK cells from DLBCL patients.

Materials and Methods 
Subjects 

This investigation was a cross-sectional and 
experimental study. Patients were consecutively selected 
from the Cancer Referral Centers (Isfahan, Iran). Samples 
of peripheral blood were obtained from responsive 
patients with DLBCL (response to R-CHOP, n=10), 
refractory/relapsed patients with DLBCL (resistant to 
R-CHOP, n=12) and healthy people (n=12). The mean 
age of patients was 43.15 ± 11.76 years (mean ± SD); 
54.54% of patients were male and 45.45% were female. 

The responsive patients were those who achieved 
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complete remission for 6-12 months after completion of 
the R-CHOP therapy. The refractory patients were those 
who failed to respond to six cycles of R-CHOP, as the 
first-line treatment (n=7). Relapsed patients with DLBCL 
were those who experienced a relapse at least over a 
year period after R-CHOP therapy (n=5). The patients 
who received other chemotherapies, or they had a low-
grade DLBCL and/or other different types of NHL, were 
excluded from the study. 

All subjects signed an informed consent form approved 
by the Isfahan University of Medical Sciences (Isfahan, 
Iran). The clinical files and laboratory findings of the 
patients were reviewed to obtain different characteristics 
such as age, sex, disease stage, performance statue, nodal/ 
extra-nodal disease, international prognostic index (IPI) 
score, serum lactate dehydrogenase (LDH) level, Ki-67 
proliferation index (Ki-67 PI) and response to treatment. 
Immunohistochemically, all patients with DLBCL 
were non-germinal center B-cell (GCB)-like subtype 
(CD20+CD10- BCL-6-). The demographic and clinical 
data of patients with DLBCL were recorded. The samples 
were carried to the laboratory and used for experiments 
immediately after processing. 
Peripheral blood specimen

Blood was drawn into EDTA-containing tubes (10 
ml). Peripheral blood mono-nuclear cells (PBMCs) 
were separated in a Ficoll-Hypaque gradient and they 
were immediately used for the experiments. Plasma 
aliquots were either processed for exosomes isolation or 
stored at -70˚C.

Preparation of plasma and isolation of exosomes using 
ExoSpin Exosome purification Kit

Plasma was diluted with an equal volume of sterile 
phosphate buffered saline (PBS) to decrease viscosity. 
Since some exosomes might be trapped within the clot 
when the serum is prepared, EDTA-plasma samples 
were used rather than serum samples. On the other 
hand, heparin-plasma samples could facilitate formation 
of exosome-heparin complexes and aggregation of 
exosomes, as previously reported (19).   

Then plasma was centrifuged at 300 g, 4˚C for 10 minutes. 
It was transferred to the new tube without pellet contamination 
and centrifuged for 30 minutes at 2000 g, 4˚C. The resulting 
supernatant was centrifuged for a further 30 minutes at 16500 
g, 4˚C. Plasma was centrifuged by differential centrifugations 
at increasing speed (300-16500 g) to eliminate large dead 
cells, large cell debris, platelets, subcellular fragments and 
larger microvesicles (20).

The supernatant was passed through a 0.22 μm filter 
and collected in a fresh tube. Ultrafiltration using 0.2 μm 
filter was performed to remove larger vesicles (above 
200 nm) and thrombocytes (about 1-2 μm) remaining in 
plasma even after differential centrifugation. Apart from 
thrombocytes and microvesicles, other “contaminating” 
elements such as lysosomes, mitochondria, nucleic acid-

protein aggregates and even bacteria may be present in 
plasma as seen by by transmission electron microscopy 
(TEM) (Fig.1A). Ultrafiltration removes the majority of 
these contaminants. 

Two milliliter aliquots of plasma were processed according 
to the manufacturer’s instructions (Cell Guidance Systems, 
USA). Briefly, the 1 ml volume of Buffer A was added to 
each sample and the sample was vortexed. Samples were 
incubated at 4˚C for 1 hour and they were next centrifuged for 
1 hour at 16500 g. Then, the supernatant was discarded and 
each pellet was resuspended in 200 µl PBS. The resuspended 
pellets were applied to ExoSpin columns and centrifuged at 
50 g for 60 seconds. The elution was discarded and a further 
200 µl of PBS was applied to each column. It was centrifuged 
at 50 g for 60 seconds and the elution containing exosomes 
was stored at -80˚C. 

Size determination of plasma-derived exosomes
Size of the isolated exosomes was determined using a 

Zetasizer (Malvern Zen 3600 Instruments, UK) according 
to the manufacturer’s instructions. The exosomes isolated 
by the ExoSpin kit were diluted 1:100 in PBS to determine 
their size.

Transmission electron microscopy
Morphology of the exosomes was evaluated by TEM using 

negative staining. Carbon-coated copper grids were placed on 
top of 5-10 μl sample drops for 20 minutes and they were 
fixed by 2% paraformaldehyde. The grids were then washed 
in the distilled water drops three times for 5 minutes, stained 
with 1% uranyl acetate in 50% alcohol for 15 minutes and 
washed in drops of distilled water three times for 5 minutes. 
The last drops of water were removed from the grids. The 
stained grids were air-dried. Images were obtained using an 
FEI/Philips TEM 208S microscope (Eindhoven, Netherlands) 
operating at an accelerating voltage of 100 KV.

Western blot analysis of plasma-derived exosomes

Exosomes were lysed in cell lysis buffer (RIPA buffer; 
CytoMatin Gene, Iran) supplemented with protease 
inhibitors (Sigma FAST ™, USA) on ice. The concentration 
of exosomal lysates was determined using BCA Protein 
Assay Kit (Parsons Biotechnology, Iran). Approximately 
50 µg of exosomal lysates were loaded per well. Proteins 
were separated on a 12% gel (Bio-Rad, UK) and transferred 
to nitrocellulose membranes (Bio-Rad, UK). To prevent 
non-specific binding, the membranes were blocked with 
2.5% bovine serum albumin (BSA, CytoMatin Gene, Iran) 
powder diluted in tris-buffered saline-Tween (TBS-T), for 
2 hours at room temperature (RT). 

The membranes were then incubated with monoclonal 
anti-CD63 (rabbit IgG, diluted 1:1000; System Biosciences, 
USA), mouse monoclonal CD81 (TAPA-1; clone 5A6, 
diluted 1:1000; Bio-Legend, USA) and rabbit polyclonal anti-
Histone H3 (clone poly6019, diluted 1:500; Bio-Legend), 
as negative control overnight at 4˚C. All antibody dilutions 
were made in TBS-T supplemented with 0.5% BSA. After 
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incubation with primary antibodies, membranes were washed 
for 3×10 minutes in TBS-T (used for each wash step). The 
membranes were incubated with secondary horseradish 
peroxidase (HRP)-conjugated antibodies for 2 hours at RT. 
The secondary antibodies were goat anti-rabbit HRP IgG 
(diluted 1:20,000; System Biosciences, USA) and goat 
anti-mouse IgG (H+L, diluted 1:3000; Bio-Rad, UK). The 
membranes were washed 3×10 minutes. Finally, the signals 
were visualized using the ECL Western blotting kit (CMG, 
Iran), according to the manufacturer’s instructions.  

Protein quantification of plasma-derived exosome or 
exosomal lysates 

Five to ten microliters of plasma-derived exosome or 
exosomal lysate was dispensed into the wells of a 96-well 
plate. Then, the assay was performed by BCA Protein 
Assay Kit (Parstous Biotechnology, Iran) according to the 
manufacturer’s protocol. Protein content of the exosome 
lysates and exosomal total protein concentration were 
determined using a linear standard curve. A series of BSA 
was used to develop a standard curve.

Isolation, purification, and expansion of natural killer 
cells

Blood samples were collected from refractory/relapsed 
patients, responsive patients and healthy donors. PBMCs 
were separated on a Ficoll-Hypaque gradient. NK cells 
were purified by negative selection, using NK cell 
isolation kit and LS columns (MiltenyiBiotec, Germany). 
The purity of N cells was confirmed as 85-90% by 
flow-cytometery (BD Company, USA) using PE-cy5-
labeled anti-CD56 and FITCI-labeled anti-CD3 (both 
from eBioscience, USA). The range of CD3 positive 
cell contamination in purified NK cells was 10-15%.

To obtain polyclonal NK cell populations, PBMCs were 
γ-ray irradiated (25 Gy) and they were used as autologous 
feeder cells for co-culture with NK cells at a ratio of 4:1 
feeder-NK cell. NK cells were expanded in Cellgro SCGM 
serum-free media (CellGenix, USA) supplemented with 5% 
human AB serum, 10% fetal bovine serum (FBS, Gibco, 
USA), 50 U/ml penicillin, 50 µg/ml streptomycin, 500 IU/
ml recombinant human interleukin-2 (IL-2, MiltenyiBiotec 
AG, Germany), 10 ng/ml recombinant human interleukin-15 
(IL-15, MiltenyiBiotec AG, Germany) at a density of 5×105 
cells/ml in T-25 flask for 3 weeks.

Treatment of natural killer cells with plasma-derived 
exosomes

NK cells were seeded in 24-well plates at a density of 
4×105 cells per well in DMEM/F12 culture medium without 
FBS/AB serum. NK cell from healthy donors and DLBCL 
patients were treated with 20 µg plasma-derived exosomes of 
DLBCL patients (refractory/relapsed or responsive patients) 
at 37˚C for 20 hours. Control wells contained no exosomes.

RNA isolation and cDNA synthesis
Total RNA was extracted from NK cells using the 

miRCURY™ Isolation Kit-Cells (Exiqon, Denmark). Then, 
total RNA was quantified and converted to cDNA using 
the Universal cDNA Synthesis Kit II (Exiqon, Denmark)
according to the following protocol: firstly, total RNA was 
incubated for 60 minutes at 42˚C. Next, the reaction was 
followed by heat-inactivation of the reverse transcriptase 
for 5 minutes at 95˚C. In addition, synthesis of cDNA was 
done by Thermo Scientific RevertAid First Strand cDNA 
Synthesis Kit (Fermentas, Thermo Fisher Scientific Inc., 
USA) according to the following protocol: first, total 
RNA and oligo (dT) 18 were incubated for 5 minutes at 
65˚C and they were next chilled on ice. Then the mixture 
of 5x Reaction Buffer, RiboLock RNase inhibitor, 10 mM 
dNTP mix and ReverAID M-MuLVRT was performed 
and it was incubated for 5 minutes at 25˚C, followed by 
incubation for 60 minutes at 42˚C. Ultimately, the reaction 
was terminated by incubation at 70˚C for 5 minutes. 

Quantitative reverse transcription-polymerase chain 
reaction for hsa-miR-155-5p and hsa-let-7g-5p as well 
as SOCS-1 and INPP5D: gene expression assay

We used pre-designed primers (Exiqon, Denmark) 
for hsa-let-7g-5p, hsa-miR-155-5p and SNORD44 (as 
reference gene). For mRNA quantification, specific 
primers were designed for SOCS-1 and INPP5D 
(Pishgaman, Iran), using Allele ID software and BLAST 
(NCBI online server). Details of the primers are as 
following:
GAPDH-
F: 5´-CCA GTG GAC TCC ACG ACG TA-3´
R: 5´-ACT AAA ACC TCC CTA GAG CG-3´
SOCS-1-
F: 5´-GTA GGA GGT GCG AGT TCA GG-3´
R: 5´-GAC CCC TTC TCA CCT CCT GA-3´
INPP5D-
F: 5´-AAG CCT GTT GTC GTC CAT TG-3´
R: 5´-AGA CTC TGC CTT CAC CTC AAA-3´

All quantitative reverse transcription -polymerase chain 
reaction (qRT-PCR) reactions were performed duplicately 
at a final volume of 10 µl per well, using a 2x Real-Time 
PCR Master Mix (BioFACT™, Korea) and StepOne Plus™ 
quantitative real-time PCR detection system (Applied 
Biosystems, Thermo Fisher Scientific Inc.). The following 
thermal cycling conditions were applied: polymerase 
activation/denaturation at 95˚C for 15 minutes, 45 amplification 
cycles at 95˚C for 20 second, 60˚C for 20 seconds and 72˚C 
for 30 seconds. Threshold values for the threshold cycle 
determination (Ct) were generated automatically by the Step 
One Software v2.3 software. The microRNA and mRNA fold 
changes were determined compared to the control samples. 
Relative quantification method was employed, where the 
ΔΔCt value was obtained by analyzing difference between 
ΔCt of the sample and ΔCt of the calibrator (no exosomes). 

Measurement of interferon-gamma by ELISA
The culture supernatant was collected from NK cell medium 

http://www.parstous.com/bca-protein-quantification-kit.html
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treated with or without plasma-derived exosomes after 72 
hours. The culture supernatant was stored in a -80˚C freezer 
until assessment of the cytokine. Concentrations of IFN-γ 
in the culture supernatant were measured using the Human 
IFN-γ ELISA MAX™ Deluxe (Bio-Legend, USA). All 
procedures were performed according to the manufacturer’s 
instructions.

DLBCL patients’ plasma-derived exosomes effects 
on the rate of natural killer cells expressing CD16, 
NKG2D and CD69

NK cells were seeded into 96-well plates at a density 
of 1×105 cells per well in DMEM/F12 culture medium 
without FBS/AB serum. Then, NK cells were treated 
with or without 20 μg (21) plasma-derived exosomes of 
refractory/relapsed or responsive patients with DLBCL at 
37˚C, 5% CO2 for 24 hours. NK cells were harvested and 
the percentage of NK cells expressing CD16, NKG2D and 
CD69 was determined by flow-cytometry, followed by 
comparing them in DLBCL patients and healthy donors. 

The following anti-human monoclonal antibodies were 
used for flow-cytometry: CD16 monoclonal antibody 
(B73.1, PE); CD314 (NKG2D) monoclonal antibody 
(1D11, PE); CD56 (NCAM) monoclonal antibody 
(CMSSB, PE); CD3 monoclonal antibody (OKT3, 
FITC) and CD69 monoclonal antibody (FN50, FITC; 
all purchased from eBioscience™). The cells were also 
stained with their corresponding isotype-matched control 
mAbs (Bio-Legend, USA). All samples were analyzed 
using the BD FACS Calibur system (Becton Dickinson 
Co., USA). Flowing Software version 2.5.1 (TerhoPerttu, 
Finland) was used for data acquisition and analysis.

Proliferation assay
Carboxyfluorescein succinimidyl ester (CFSE) was 

prepared as 5 mg/ml stocks in dimethyl sulfoxide 
(DMSO) and stored at -20˚C. NK cells isolated from 
DLBCL patients and healthy donors were washed with 
PBS and resuspended in PBS (1×106 cells/ml). NK cells 
were labeled with CFSE according to the protocol of 
CFSE Cell Division Tracker Kit (final concentration of 5 
µM, Bio-Legend, USA) and incubated for 20 minutes at 
RT. After stopping the reaction with BSA in PBS (0.1% 
w/v), NK cells were washed and cultured in the absence 
or presence plasma-derived exosome of DLBCL patients 
(refractory/relapsed or responsive patients). Proliferation 
was analyzed after three days.

Natural killer cytotoxicity assay 
NK cells obtained from healthy donors and DLBCL 

patients, were co-incubated for 24 hours in the presence 
or absence of 20 µg exosomes isolating from patients 
with DLBCL. Treated NK cells (effector cells) were co-
cultured with 50,000 CFSE labeled K562 target cells 
at different effector-to-target (E:T) ratios from 8:1, 4:1, 
2:1 and 1:1 in 96-well plates containing 150 μl culture 
media. Target cells, including K562 cell lines, were 
labeled with CFSE according to the protocol of CFSE 

Cell Division Tracker Kit (final concentration of 5 µM, 
Bio-Legend) to discriminate target cells from effector cells. 
K562 and NK cells were co-cultured in DMEM/F12 medium 
supplemented with 500 U/ml IL-2 and 150 ng/ml IL-15 
(MiltenyiBiotec AG, Germany) for 4 hours at 37˚C. These 
cells were stained with 0.05 µg of 7-amino-actinomycin 
D (7-AAD, Bio-Legend, USA) for 10 minutes in dark.  
Furthermore, the following control samples were prepared: 
unstained effector cells, unstained target cells, CFSE-stained 
target cells, target cells stained with both CFSE and 7-AAD, 
target cells permeabilized with 5% (v/v) Triton X-100 TM 
(Sigma, USA) in PBS and stained with 7-AAD. Flow-
cytometry data were acquired from a FACS Calibur flow-
cytometer (Becton Dickinson Co.) and they were analyzed by 
Flowing Software version 2.5.1 (TerhoPerttu, Finland). NK 
cytotoxicity rate was calculated as the percentage of specific 
lysis using the following formula: (% of target cell lysis in the 
test-% of spontaneous cell death)/(% of maximum lysis-% of 
spontaneous cell death). Spontaneous cell death was obtained 
from target cells in the medium cultured alone. To obtain 
maximum cell lysis rate, target cells were treated with 5% 
Triton-X100.

Statistical analysis
Data were summarized by descriptive statistics: mean ± 

standard error (SE). Statistical analyses were performed 
using one-way analysis of variance (ANOVA) test 
for comparison among three groups (healthy donors, 
responsive or refractory/relapsed patients with DLBCL). 
In addition, one-way ANOVA test was used to determine 
statistically significant differences between NK cells 
treated with exosomes and untreated NK cells. Multiple 
comparisons of data were conducted using LSD post-
hoc test between different treated groups. P<0.05 was 
considered statistically significant. IBM SPSS Statistics 
for Windows, version 21 (IBM Corp., Armonk, NY, USA) 
was used for data analysis.

Ethical considerations
This study has been approved by the Bioethical 

Committee of the Isfahan University of Medical Sciences, 
Isfahan, Iran (IR.MUI.REC.1394.3.655/2015). The 
performed experiments comply with the current laws 
of Iran. All blood samples were taken from the patients 
after written informed consent and ethical permission was 
obtained for participation in the study.

Results
Assessment of the plasma-derived exosome quality 

The exosomes were identified based on their size, 
morphology and absence or presence of their specific 
proteins. Plasma-derived exosomes of the patients with 
DLBCL were evaluated by TEM (Fig.1B), Zetasizer 
(Fig.1C) and western blots (Fig.1D). TEM images showed 
spherical vesicles with morphological properties of the 
exosome and diameter of 50-150 nm. Moreover, Zetaseizer 
analysis demonstrated that the exosomes were spherical 
particles with a z-average diameter size of 90.18 nm. 
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Fig.1: Properties of plasma-derived exosome of DLBCL patients. A. Effects of differential centrifugation and ultrafiltration of plasma on isolated exosomes, 
B. The representative TEM image of plasma-derived exosomes (exosomes size: 100 nm), C. Size of the all particles in the pellets was determined using 
a Zetasizer. The z-average particle size was 90.18 nm in diameter, and D. The lysed exosomes were separated using polyacrylamide gel electrophoresis 
and then transferred to the nitrocellulose membrane. The membrane was probed using anti-CD63, anti-CD81 as well as anti-histone H3 and ECL Western 
blotting systems. DLBCL; Diffuse large B-cell lymphoma and TEM; Transmission electron microscopy.
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Exosomes identity was confirmed by Western blot 
analysis. When the lysed exosomes were probed with anti-
CD63 (tetraspanin, 54 KD) and anti-CD81 (tetraspanin, 
26 KD), strong bands were detected on the blots. The 
morphology, size of <150 nm and presence of two CD63 
and CD81 proteins, in the absence of Histone H3, strongly 
suggest that the studied vesicles were exosomes.

Effect of plasma-derived exosomes on the expression 
level of microRNAs (hsa-miR-155-5p and hsa-let-7g-5p) 
and mRNAs (SOCS-1 and INPP5D) 

Since hsa-miR-155-5p is critical for the homeostasis 
of NK cells, we investigated whether the expression level 
of this miRNA is up-regulated in the NK cells treated 
with plasma-derived exosomes obtaining from patients 
with DLBCL in comparison with untreated NK cells (14, 
22). Therefore, we established a model in vitro system 
comprised of isolated exosomes co-incubated with 
human NK cells for 20 hours. Following co-incubation 
with exosomes, total RNA was extracted from NK 
cells, reverse transcribed and analyzed by qRT-PCR, 
as described in the "Materials and Methods" section. 
Changes in the expression levels of selected hsa-miR-155-
5p, hsa-let-7g-5p as well as, and SOCS-1 and INPP5D 
were simultaneously measured in NK cells, relative to the 
control groups (no exosomes). 

Our results showed a significant increase in the expression 
levels of hsa-miR-155-5p of NK cells treated with plasma-
derived exosomes of refractory/relapsed DLBCL patients 
compared to untreated NK cells in healthy donors, refractory/
relapsed DLBCL patients and responsive DLBCL patients 
(P=0.0001, LSD post-hoc test). Furthermore, a significant 
increase was observed in expression level of hsa-miR-155-
5p in NK cells treated with plasma-derived exosomes of 
responsive DLBCL patients compared to untreated NK 
cells in refractory/relapsed DLBCL patients (P=0.009, 
LSD post-hoc test) and healthy donors (P=0.0001, LSD 
post-hoc test). The expression level of hsa-miR-155-5p in 
refractory/relapsed patients was lower than healthy donors 
and responsive patients in the presence of plasma-derived 
exosome of DLBCL patients (P=0.0001, Fig.2A).  

We observed a significant decrease in hsa-let-7g-5p 
expression level of NK cells treated with plasma-derived 
exosomes of refractory/relapsed DLBCL patients compared 
to untreated NK cells in refractory/relapsed DLBCL patients 
(P=0.0001, LSD post-hoc test). A significant decrease was 
observed in the expression level of hsa-let-7g-5p in NK 
cells treated with plasma-derived exosomes of responsive 
DLBCL patients compared to untreated NK cells in healthy 
donors (P=0.040), responsive DLBCL patients (P=0.042) 
and refractory/relapsed DLBCL patients (P=0.0001). In 
addition, there was a significant increase in the hsa-let-7g-
5p expression level of NK cells treated with IL-2/IL-15, 
compared to untreated NK cells in each group (P=0.0001, 
Fig.2B). The expression level of hsa-let-7g-5p for refractory/
relapsed patients was lower than healthy donors and 
responsive patients, in the presence of plasma-derived 
exosome of DLBCL patients (P=0.0001).   

Some studies showed the SOCS-1 and INPP5D are 
two direct targets of hsa-miR-155-5p in many cell types. 
To determine whether plasma-derived exosomes of 
responsive or refractory/relapsed DLBCL patients are 
able to alter expression levels of SOCS-1 and INPP5D, we 
examined these expression levels in NK cells of healthy 
donors and DLBCL patients.   

Our finding indicated that there was significant 
decrease in the expression levels of SOCS-1 in NK cells 
treated with IL-2/IL-15 and plasma-derived exosomes 
of responsive DLBCL patients compared to untreated 
NK cells in healthy donors (P=0.016 and P=0.0001, 
respectively), responsive DLBCL patients (P=0.015 
and P=0.0001, respectively) and refractory/relapsed 
DLBCL patients (P=0.014 and P=0.0001, respectively). 
Additionally, a significant decrease in the expression level 
of SOCS-1 was observed in NK cells treated with plasma-
derived exosomes of refractory/relapsed DLBCL patients 
compared to untreated NK cells in refractory/relapsed 
DLBCL patients (P=0.0001) and responsive DLBCL 
patients (P=0.0001, Fig.2C). 

There was a significant increase in INPP5D expression 
level of NK cells treated with plasma-derived exosomes 
of responsive or refractory/relapsed DLBCL patients 
compared to untreated NK cells in healthy donors 
(P=0.039 and P=0.0001, respectively). There was no 
significant difference in the INPP5D expression level of 
NK cells treated with plasma-derived exosome of DLBCL 
patients compared to untreated NK cells in refractory/
relapsed DLBCL patients and responsive DLBCL patients 
(Fig.2D).

IFN-γ level in the natural killer cells culture 
supernatants in the presence of plasma-derived 
exosomeof DLBCL patients

It was reported that SOCS-1 and INPP5D negatively 
regulate IFN-γ production in NK cells. The IFN-γ 
concentration in culture supernatants of NK cells was 
determined by ELISA in the absence or presence of 
IL-2/IL-15 and plasma-derived exosomes of refractory/
relapsed patients and responsive patients after 72 hours of 
culture in an FBS-free or AB serum-free media.

Our data showed increased level of hsa-miR-155-5p 
and decreased level of SOCS-1 in healthy donors and 
DLBCL patients. A significant increase was observed 
in the cultured supernatant IFN-γ concentration of NK 
cells treated with IL-2/IL-15, plasma-derived exosome 
of responsive patients and plasma-derived exosome of 
refractory/relapsed patients compared to untreated NK 
cells in healthy donors (P=0.0001, P=0.01 and P=0.0001, 
respectively). However, there was no significant difference 
in the culture supernatant IFN-γ concentration of NK cells 
treated with IL-2/IL-15 and plasma-derived exosome of 
DLBCL patients compared to the untreated NK cells in 
responsive patients or refractory/relapsed patients. The 
data are shown in Figure 3.  
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Fig.2: Effect of plasma-derived exosomes on the expression levels of 
microRNAs and mRNAs. The expression  levels of A. hsa-miR-155-5p, B. 
hsa-let-7g-5p, C. SOCS-1 and D. INPP5D in the NK cells treated with IL-2/IL-
15 and plasma-derived exosome of patients with DLBCL compared to the 
untreated NK cells were determined in healthy donors, responsive DLBCL 
patients and refractory/relapsed DLBCL patients. NK cells were treated 
with 20 µg plasma-derived exosome of patients with DLBCL for 20 hours 
and they were then collected for preparation of total RNA. miRNAs (hsa-
miR-155-5p and hsa-let-7g-5p) and RNA expression (SOCS-1 and INPP5D) 
were quantified by qRT-PCR. Degree of significance in treated NK cells 
with exosomes compared to the untreated NK cells was indicated by *P≤ 
0.05, **P≤ 0.01 and ***P≤ 0.001 in each group. Each column shows mean 
of -ΔΔCt ± standard error (SE).  NK cells; Natural killer cells, IL; Interleukin, 
DLBCL; Diffuse large B-cell lymphoma, and qRT-PCR; Quantitative reverse 
transcription polymerase chain reaction. 

    Fig.3: Effect of plasma-derived exosomes of responsive or refractory/
relapsed patients on the levels of IFN-γ. The media were harvested and 
IFN-γ concentration was measured by sandwich ELISA after 72 hours. 
Statistical relationships were determined in NK cells treated with IL-2/
IL-15, and plasma-derived exosomes of responsive or refractory/relapsed 
patients compared to untreated NK cells. Results were expressed as 
mean ± SE. *P<0.05, ***P<0.001 showed significant differences. IFN-γ; 
Interferon gamma, NK; Natural killer cells, and IL; Interleukin.

In addition, IFN-γ concentration in the culture 
supernatant of NK cells from refractory/relapsed DLBCL 
patients was lower than the responsive DLBCL patients 
in the presence of IL-2/IL-15, plasma-derived exosome 
of responsive patients and refractory/relapsed patients 
(P=0.002, P=0.001 and P=0.002, respectively).

Effects of plasma-derived exosome of DLBCL patients 
on the percentage of natural killer cells expressing 
CD16, CD69 and NKG2D 

The percentage of NK cells expressing CD16, CD69 and 
NKG2D was determined by flow-cytometer in the absence or 
presence of IL-2/IL-15 and 20 µg of plasma-derived exosome of 
DLBCL patients in each group (healthy donors and responsive 
or refractory/relapsed patients with DLBCL) after 24 hours of 
culture in a FBS-free or AB serum-free media (Fig.4I). 

Our findings showed that the percentage of CD16+ NK cells 
from healthy donors was more than refractory/relapsed DLBCL 
patients in the absence of exosomes or in the presence of IL-2/
IL-15, plasma-derived exosome of responsive DLBCL patients 
and plasma-derived exosome of responsive DLBCL patients 
plus IL-2/IL-15 (P=0.0001, P=0.0001, P=0.008 and P=0.001, 
respectively). Moreover, the results showed that percentage 
of the CD16+ NK cells from responsive DLBCL patients was 
more than refractory/relapsed DLBCL patients in the absence 
of exosomes or presence of IL-2/IL-15 (P=0.0001 and P=0.002, 
respectively). 

In addition, a significant reduction was observed in the 
percentage of CD16+ NK cells in the presence of plasma-derived 
exosomes of refractory/relapsed DLBCL patients in responsive 
DLBCL patients (P=0.02) and healthy donors (P=0.0001). A 
significant increase was observed in the percentage of CD16+ 
NK cells in the presence of IL-2/IL-15 in healthy donors 
(P=0.0001).

The percentage of CD69+ NK cells from healthy donors was 
more than refractory/relapsed DLBCL patients in the absence of 
exosomes (P=0.003). The percentage of CD69+ NK cells from 
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healthy donors was also more than refractory/relapsed DLBCL 
patients and responsive DLBCL patients in the presence plasma-
derived exosome of refractory/relapsed DLBCL patients plus 
IL-2/IL-15  (P=0.018 and P=0.034, respectively, ANOVA test).  

Furthermore, there was a significant increase in the 
percentage of CD69+ NK cells in the presence IL-2/IL-
15 compared to the absence of exosomes in refractory/
relapsed DLBCL (P=0.038), responsive DLBCL patients 
(P=0.0001) and healthy donors (P=0.001). We also observed 
significantly increased CD69+ NK cell percentage in the 
presence plasma-derived exosome of refractory/relapsed 
DLBCL patients plus IL-2/IL-15 in comparison with the 
absence of exosomes in responsive DLBCL patients and 
healthy donors (P=0.014 and P=0.005, respectively, LSD 
Post-Hoc). In addition, there was an increased CD69+ NK 
cell percentage in the presence plasma-derived exosome 
of responsive DLBCL patients plus IL-2/IL-15 compared 
to the absence of exosomes in responsive DLBCL patients 
and healthy donors (P=0.0001 and P=0.022, respectively, 
LSD Post-Hoc). 

The percentage of NKG2D+ NK cells from healthy 
donors was more than DLBCL patients in the absence 
of exosomes or in the presence of IL-2/IL-15, plasma-
derived exosome of refractory/relapsed DLBCL patients, 
plasma-derived exosome of refractory/relapsed DLBCL 
patients plus IL-2/IL-15 and plasma-derived exosome 
of responsive DLBCL patients (P<0.05, P<0.01 and 
P<0.001, ANOVA test). Data is presented in Figure 4II. 

There was no significant difference in the percentage 
of NKG2D+ NK cells in the presence of plasma-derived 
exosome of DLBCL patients in each group. There was 
significant increase in percentage of NKG2D+ NK cells in 
the presence of IL-2/IL-15 in comparison with the absence 
of exosomes in refractory/relapsed DLBCL patients 
(P=0.05), responsive DLBCL patients (P=0.0001) and 
healthy donors (P=0.014). We also observed significant 
increase in the percentage of NKG2D+ NK cells in the 
presence of plasma-derived exosome of responsive 
DLBCL patients plus IL-2/IL-15 in comparison with 
the absence of exosomes in responsive DLBCL patients 
(P=0.02) and healthy donors (P=0.003). There was a 
significant increase in the percentage of NKG2D+ NK cells 
in the presence of plasma-derived exosome of refractory/
relapsed DLBCL patients plus IL-2/IL-15 compared to 
the absence of exosomes in refractory/relapsed DLBCL 
patients (P=0.011) and healthy donors (P=0.028).         

Effect of plasma-derived exosomes of DLBCL patients 
on natural killer cell proliferation

We investigated whether plasma-derived exosomes of 
responsive or refractory/relapsed patients with DLBCL 
plays role in the proliferation of NK cells (Fig.5). 
Proliferation rate of NK cells from healthy donors was 
more than responsive DLBCL patients and refractory/
relapsed DLBCL patients in the absence of exosomes 
or in presence of IL-2/IL-15 as well as plasma-derived 
exosome of DLBCL patients (P<0.001).
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Fig.4: Flow cytometer analysis of NK cell surface markers (CD16, NKG2D, 
and CD69) in the absence or presence of plasma-derived exosome of 
DLBCL patients. I. These surface markers were analyzed by gating on the 
live NK cells (CD56+CD3-) of a representative DLBCL patient. A. NK cell 
labeled with PE-anti-human CD16 and PE Mouse IgG1, k Isotype control, 
B. NK cell labeled with FITC-anti-human CD69 and FITCI Mouse IgG1, k 
Isotype control, C. NK cell labeled with PE-anti-human CD314 (NKG2D) 
and PE Mouse IgG1, k Isotype control, i. Isotype control, ii.  Unstimulated 
NK cell, iii. IL-2/ IL-15, iv. Plasma-derived exosomes of DLBCL refractory/
relapsed patients, v. Plasma-derived exosomes of DLBCL refractory/
relapsed patients plus IL-2/IL-15, vi. Plasma-derived exosome of 
responsive DLBCL patients and vii. Plasma-derived exosome of responsive 
DLBCL patients plus IL-2/IL-15. II. Average of the percentage of NK cells 
expressing A. CD16, B. CD69 and C. NKG2D was determined in each group 
(responsive DLBCL patients and refractory/relapsed DLBCL). Degree of 
significance was indicated by *P<0.05, **P<0.01, ***P<0.001. Each bar 
illustrates the mean ± SE. NK; Natural killer cells and DLBCL; Diffuse large 
B-cell lymphoma

Furthermore, there is a significant increase in the 
proliferation of NK cells treated with IL-2/IL-15 in 
responsive patients (P=0.0001) and refractory/relapsed 
patients (P=0.007, Fig.5). Additionally, there was a significant 
decrease in the proliferation of NK cells treated with plasma-
derived exosomes of refractory/relapsed patients compared 

to the untreated NK cells in healthy donors (P=0.0001), 
responsive patients (P=0.044) and refractory/relapsed patients 
(P=0.0001). A significant decrease was also determined in 
the proliferation of NK cells treated with plasma-derived 
exosome of responsive patients compared to untreated NK 
cells in healthy donors (P=0.009).

Fig.5: Effect of plasma-derived exosome of DLBCL patients on proliferation 
of labeled NK cell with CFSE. A. CFSE-positive NK cell population of a 
representative responsive DLBCL patient was cultured in the absence 
or presence of plasma-derived exosome from DLBCL patients, for three 
days. The dotted blue line represents unstained NK cells. Gray line with an 
empty profile in histograms indicates unstimulated CFSE-labeled NK cells 
and B. Degree of significance in the treated NK cells with plasma-derived 
exosomes of responsive or refractory/relapsed patients with DLBCL 
compared to the untreated NK cells, is indicated by *P≤0.05, **P≤0.01, 
and ***P≤0.001 in each group. Each column illustrates the mean SE for 
proliferation rate of NK cells. DLBCL; Diffuse large B-cell lymphoma and 
NK; Natural killer cells. 

Effect of plasma-derived exosome of DLBCL patients 
on natural killer cell cytotoxicity 

NK cell-mediated cytotoxicity was measured after co-
culture of K562 cells with untreated NK cells or NK cells 
treated with plasma-derived exosome of DLBCL patients 
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at different effector-to-target (E:T) ratios (8:1, 4:1, 2:1 
and 1:1). More than 92% of K562 cells were stained with 
CFSE and spontaneous lysis was in the range 1.23 -7.94 
(Fig.6I). Our data showed that NK cells cytotoxicity (at 
ratios of 8:1, 4:1 , 2:1 and 1:1)  in the absence or presence 
plasma-derived exosome of DLBCL patients in healthy 
donors was more than DLBCL patients (P=0.0001, 
ANOVA test). 

There was a significant decrease in NK cell-
mediated cytotoxicity treated with plasma-derived 
exosomes of refractory/relapsed DLBCL patients 
compared to untreated NK cell in refractory/relapsed 
DLBCL patients [at ratios of 8:1 (P=0.001), 4:1 (P=0.003), 

2:1 (P=0.021) and 1:1 (P=0.001)] and in refractory/
relapsed DLBCL patients [at 8:1 ratios (P=0.001)]. In 
addition, a significant decrease was observed in NK 
Cell-mediated cytotoxicity treated with plasma-derived 
exosome of responsive patients with DLBCL compared 
to untreated NK cell in responsive patients (at 1:1 ratio, 
P=0.033). The results of cytotoxicity assay are presented 
in Figure 6II. As well, there was the significant decrease 
in NK cells-mediated cytotoxicity treated with plasma-
derived exosomes of refractory/relapsed DLBCL 
patients (P=0.03) and plasma-derived exosomes of 
responsive DLBCL patients (P=0.01) in healthy donors 
at ratio of 8:1. 
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Fig.6: Effect of plasma-derived exosome of DLBCL patients on the NK cell cytotoxicity. I. CFSE-stained K562 cells were co-cultured with NK cells at different 
E/T ratios. The CFSE-stained K562 cells were first gated by FSC and SSC characteristics. Both dot plots and histograms show that CFSE-stained K562 target 
cells were killed by NK cells treated with 20 µg plasma-exosomes of refractory/relapsed patients in A. Healthy donor and B. Responsive patient using 
E/T ratio of 2:1. The numbers in the panels denote percentage of 7-AAD positive cells. II. Variety of these killing activities were statistically  analyzed at 
different E/T ratios, including A. 8:1, B. 4:1, C. 2:1, and D. 1:1 in the absence or presence of plasma-derived exosome of patients with DLBCL in healthy 
donors, responsive DLBCL patients and refractory/relapsed DLBCL patients. Degree of significance is highlighted by *P≤0.05 and **P≤0.01 in each group. 
Each point illustrates mean of the NK cell cytotoxicity percentage in each group. DLBCL; Diffuse large B-cell lymphoma and NK; Natural killer cells. 

Discussion
Several reports have indicated that tumor-derived 

exosomes down-regulate signaling in NK cells (23). The 
exact nature of the signals delivered via exosomes and 
the mode of action are unknown (22). Studies reveal 
that regulation of NK cell activation by hsa-miR-155-
5p is complex and hsa-miR-155-5p can function as a 
dynamic tuner for NK cell activation (24). We considered 
the possibility that plasma-derived exosome of patients 
with DLBCL can cause some effects on the miR-155-

IFN-γ pathway in NK cells as well as proliferation and 
cytotoxicity of NK cells. The present study provides 
evidence of some signatures of plasma-derived exosome 
of patients with DLBCL on NK cell function. 

We showed a significant increase in proliferation, 
hsa-let-7g-5p level as well as the percentage of CD69+ 
and NKG2D+ NK cells in the presence of IL-2/IL-15. 
Findings obtained from the current investigation was 
consistent with previous studies reporting that IL-15 
and IL-2 stimulate proliferation and activation of NK 
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cells (25). In this study, we observed significant decrease 
in the percentage of CD69+ NK cells, CD16+ NK cells 
and NKG2D+ NK cells, IFN-γ production, NK cell 
proliferation and cytotoxicity in the absence or presence 
of IL-2/IL-15 in refractory/relapsed patients compared to 
responsive patients and healthy donors. Furthermore, we 
found that exposure of NK cells from healthy donors in 
the presence of 20 µg exosomes, isolated from DLBCL 
patients, increased hsa-miR-155-5p and IFN-γ levels and 
reduced NK cells proliferation. Moreover, the exposure of 
NK cells from patients with DLBCL in the presence of 20 
µg exosomes, isolated from refractory/relapsed DLBCL 
patients, increased hsa-miR-155-5p level and reduced 
proliferation and cytotoxicity of NK cells.  

Our finding showed a significant increase in hsa-miR-
155-5p level and a significant decrease in SOCS-1 level 
in NK cells treated with 20 µg plasma-derived exosome 
of DLBCL patients in comparison with the untreated 
NK cell in healthy donors. Additionally, we observed an 
increased level of hsa-miR-155-5p in association with 
increased level of IFN-γ, in the presence of plasma-
derived exosome of DLBCL patients in healthy donors. 
These results were consistent with the previous studies. 
These studies report that hsa-miR-155-5p is a positive 
regulator of IFN-γ production. The cytokine-induced up-
regulation of hsa-miR-155-5p enhances IFN-γ production 
by targeting and suppressing INPP5D and SOCS-1 (as 
the negative regulators), in the activated NK cell through 
cytokines (IL-12 and IL-18) and CD16 (8, 26). 

An increased level of hsa-miR-155-5p and a decreased 
level of SOCS-1 were observed in the presence of 20 µg 
plasma-derived exosome of DLBCL patients, in patients 
with DLBCL.  Nevertheless, no significant difference 
was observed in the INPP5D and IFN-γ expression levels 
in the presence of 20µg plasma-derived exosomes of 
responsive or refractory/relapsed patients, in DLBCL 
patients. Therefore, plasma-derived exosome of DLBCL 
patients may carry or target other microRNAs (has-
miR-29, hsa-miR-155-5p and has-miR-15/16) or other 
upstream pathways regulating IFN-γ level in NK cells of 
the DLBCL patients (27).

Although we observed significant increase in INPP5D 
level, a significant increase was determined in IFN-γ 
level produced by NK cells treated with plasma-derived 
exosome of DLBCL patients in healthy donors. These 
findings were contrary to the previous studies. Since 
mRNA may undergo post-transcriptional modifications, 
quantification in the both mRNA and protein levels are 
necessary to understand how the cells work in different 
condition (28). Therefore, we should evaluate INPP5D 
and SOCS-1 expressions in the levels of mRNA and 
protein to find the effect of exosomes isolated from 
patients on IFN-γ production. 

We observed a decreased level of hsa-let-7g-5p in NK 
cells, treated with 20 µg plasma-derived exosome of 
responsive DLBCL patients in comparison with untreated 
NK cell in healthy donors and DLBCL patients. These 

results explain unknown factors, in the exosomes, which 
could contribute to the reduction of hsa-let-7g-5p level. 
A report showed that decreased level of hsa-let-7g-5p 
associated with a higher risk of tumor relapse in patients 
with advanced pathological stage of gastric and breast 
cancers (29). Some studies suggest that low expression 
levels of hsa-let-7g-5p have a longer event free survival 
time (30). In other word, some evidence demonstrates that 
hsa-let-7g-5p can suppress NF-κB signaling pathways and 
secretion of pro-inflammatory cytokines, while hsa-miR-
155-5p up-regulates NF-κB through down-regulation of 
IKKs and other genes (31-33). Thus, decreased expression 
level of hsa-let-7g-5p and increased expression level of 
hsa-miR-155-5p in the presence of exosome isolated from 
patients might be associated with up-regulation of NF-κB 
in NK Cells. It is necessary to investigate roles of hsa-
miR-155-5p and hsa-let-7g-5p in NF-kB pathway, in the 
absence or presence of exosome isolated from patients, in 
PBMCs obtained from DLBCL patients.

We investigated NK cells proliferation after three days 
and a significant decrease was observed in NK cells 
treated with plasma-derived exosome of refractory/
relapsed DLBCL patients compared to untreated NK 
cells in three groups. Some reports have shown that the 
exosomes isolated from tumor cell supernatants and 
patients’ sera inhibit proliferation of CD8+ T-cells (21, 
34). Clayton et al. (35) indicates that tumor exosomes 
inhibit IL-2 mediated lymphocyte proliferation (50%) in 
purified CD4+ T-cell population. However, in the presence 
of tumor exosomes, NK cell proliferation has only 
been slightly decreased. They revealed that exosomes-
associated transforming growth factor-β1 (TGF-β1) 
contributed to anti-proliferative effects. This reduction 
might be due to the presence of TGF-β1 or other anti-
proliferation agents in plasma-derived exosomes of 
refractory/relapsed DLBCL patients. On the other hand, 
we observed that plasma-derived exosomes of refractory/
relapsed DLBCL patients decreased expression levels of 
SOCS-1 and NK cell proliferation in DLBCL patients. 
The results of this study are in line with another study in 
the mouse model. They report that miR-155-5p containing 
exosomes produced by macrophage under stress, suppress 
proliferation of the fibroblast by down-regulation of 
SOCS-1 protein expression (36). Thus, a decrease in the 
expression levels of SOCS-1 might result in a decrease 
in NK cell proliferation. In addition, an increased level 
of hsa-miR-155-5p and decreased levels of SOCS-1 
and hsa-let-7g-5p in the presence of plasma-derived 
exosome of DLBCL patients might result in an increase 
of inflammation. However, we did not investigate effect 
of inflammatory cytokines, such as IL-6 and TNF-β.

A study showed that decreased CD16 expression level 
in the NK cells of patients with DLBCL can lead to the 
impairment in rituximab‐mediated ADCC (37). We 
observed significant decreased percentage of CD16+ NK 
cells in the presence of 20 µg plasma-derived exosome 
of refractory/relapsed patients in responsive patients and 
healthy donors. This finding showed that plasma-derived 
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exosome of refractory/relapsed patients might impair 
ADCC.

No significant difference was found in the percentage of 
CD69+ or NKG2D+ NK cells in the presence of plasma-
derived exosome of DLBCL patients in each group. 
Contrarily, some studies demonstrated that NKG2D 
expression is down-regulated by micro-vesicles or 
exosomes, associated with TGF-β1 and IL-10 and/or 
exosomes bearing NKG2D ligands. Down-regulation of 
NKG2D surface protein causes decreased ability of NK 
cells to recognize malignant cells (10, 37, 38). In addition, 
a study has described that exosome of cancer patients 
mediated higher immune suppression by reducing CD69 
expression in activated CD4+ T effector cells after 7 hours 
(39). These results might be due to the small sample size, 
using no FBS or AB serum for NK cell culture, incubation 
time and sample type (responsive DLBCL patients vs. 
refractory/relapsed patients). 

A recent review study explained that tumor-derived 
exosomes inhibit NK cell activation, cytotoxicity and 
proliferation. In fact, these exosomes bear TGF-β1 or 
apoptosis-inducing ligands (Fas ligand and TNF-related 
apoptosis-inducing ligand). Therefore, they can initiate T 
cell apoptosis or disrupt IL-2 signaling in NK cells (40). 
Similarly, we observed a significant decreased NK cell 
cytotoxicity, in the presence of plasma-derived exosome 
of DLBCL patients, in DLBCL patients. However, the 
exposure of NK cells from healthy donors, in presence of 
20 µg plasma-derived exosome of DLBCL patients, did 
not have any effects on NK cell cytotoxicity. Therefore, 
it was better to evaluate cytotoxicity of NK cells against 
DLBCL cell lines to understand the main effect of 
exosomes released from DLBCL cell line on NK cell 
function. Disruption in the cytotoxic machinery of NK 
cells might also result from down-regulation of NKG2D 
expression. However, we did not observe any significant 
difference in the percentage of NKG2D+ NK cells, in 
the absence or presence of plasma-derived exosome of 
DLBCL patients. 

Conclusion
To sum up, the importance of NK-cell in removing 

hematopoietic cancer provides a strong rationale to 
use NK-cells therapy instead of autologous stem cell 
transplantation for treatment of refractory/ relapsed 
patients with DLBCL. Our report indicates decreased 
percentage of CD16+CD69+NKG2D+ NK cells, low IFN-γ 
levels in the supernatant of NK cell cultures, decreased NK 
cell proliferation and reduced NK cell cytotoxic activity 
in DLBCL patients compared to the healthy donors in the 
absence plasma-derived exosome of DLBCL patients. 
This could become the foundation of new therapeutic 
agent developments to target the NK cell activation and 
NK cell cytotoxicity. Our findings demonstrated decreased 
proliferation and cytotoxicity of NK cell in the absence or 
presence of plasma-derived exosome of DLBCL patients. 
It seems that elimination of plasma-derived exosome of 
patients using some drugs and also other procedures could 

be a great way to improve NK-cell functions. Ultimately, 
use of dendritic cell-derived exosomes and NK cell-
derived exosomes might be helpful as cell-free cancer 
vaccines in the clinical setting.
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Abstract
Objective: The aim of this blind randomised clinical trial study was to assess the clinical efficiency of combined 
density gradient centrifugation/Zeta (DGC/Zeta) sperm selection procedure compared to conventional DGC in infertile 
men candidates for intracytoplasmic sperm injection (ICSI). The literature shows that DGC/Zeta is more effective 
compared to DGC alone in selection of sperms with normal chromatin and improves the clinical outcome of the ICSI 
procedure. Therefore, this study re-evaluates the efficiency of DGC/Zeta in improving the clinical outcomes of ICSI in 
an independent clinical setting.         
Materials and Methods: In this randomized, single-blind, clinical trial, a total of 240 couples with male factor infertility 
and at least one abnormal sperm parameter were informed regarding the study and 220 participated. Based on inclusion 
and exclusion criteria, 103 and 102 couples were randomly allocated into the DGC/Zeta and DGC groups, respectively. 
ICSI outcomes were followed and compared between the two groups.             
Results: Although there was no significant difference in fertilization rate (P=0.67) between the DGC/Zeta and DGC 
groups, mean percentage of good embryo quality (P=0.04), good blastocysts quality (P=0.049), expanded blastocysts 
(P=0.007), chemical pregnancies (P=0.005) and clinical pregnancies (P=0.007) were significantly higher in the DGC/
Zeta group compared to DGC. In addition, implantation rate was insignificantly higher in DGC/Zeta compared to DGC 
(P=0.17).
Conclusion: This is the second independent study showing combined DGC/Zeta procedure improves ICSI outcomes, 
especially the pregnancy rate, compared to the classical DGC procedure and this is likely related to the improved quality of 
sperm selected by the DGC/Zeta procedure (Registration number: IRCT20180628040270N1).     
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Introduction
Preparation of a sperm population with high chromatin 

normality is a basic parameter which is strived for in 
intracytoplasmic sperm injection (ICSI) procedures. 
Today, selection of sperm for ICSI is based on sperm 
morphology and viability (1). The percentage of sperm 
with strict normal morphology is believed to be correlated 
with percentage of sperm with normal DNA content, 
however, this concept has been highly debated (2, 3). 
There are reports that the percentage of sperm with 
fragmented DNA but normal morphology increases in 
subfertile/infertile individuals compared to fertile men 
(4, 5). In this regrade, previous studies have showed that 
the percentage of DNA fragmentation in sperm from neat 
semen of infertile men with normal and abnormal semen 

parameters are around 30 and, 20-40%, respectively. 
Sperm with fragmented DNA may fertilize an oocyte, 
but it has a reduce chance of pre- or post-implantation 
development (6). 

A recent meta-analysis has suggested that assessment 
of sperm DNA fragmentation is beneficial in predicting 
male fertility (7). A plethora of studies have also concluded 
that routine sperm preparation procedures such as swim up, 
and density gradient centrifugation (DGC) alongside novel 
sperm preparation procedures based on sperm molecular and 
cellular characteristics can separate a higher percentage of 
normal sperm with intact DNA compared to routine sperm 
preparation procedures, especially in infertile couples with 
severe male factor infertility (1, 8, 9). 
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Sperm preparation based on surface electrical charge 
or Zeta potential has been introduced as one of the 
novel sperm preparation procedures. This procedure, 
was initially introduced by Chan et al. (10) who showed 
Zeta potential is an effective and feasible procedure for 
selecting of sperm with intact DNA structure. Sperm with 
a high level of surface negative electrical charge are more 
mature and several studies have shown that the percentage 
of sperm with fragmented DNA were significantly lower 
in sperm selected in this way. Subsequent studies verified 
that sperm selected based on Zeta potential have a higher 
chance of having normal intact chromatin (11, 12). Later, 
this procedure was compared to another novel sperm 
preparation method based on hyaluronic acid binding 
and the results showed that although both novel sperm 
preparation procedures can improve the percentage of 
sperm with DNA fragmentation, the Zeta method was more 
efficient (13). In addition, it was shown that combined 
DGC/Zeta procedures boost the quality of the sperm 
selected for ICSI and lead to higher clinical pregnancy 
rates per embryo transfer cycle (14, 15). Considering the 
need for further clinical studies to evaluate the impact of 
sperm quality on assisted reproductive technology (ART) 
outcomes, wider multi-center randomized studies are 
required to verify the beneficial effects of DGC/Zeta sperm 
selection. Therefore, the aim of this blind randomised 
clinical trial was to evaluate the effectiveness of the DGC/
Zeta procedure in improving clinical outcomes in infertile 
men in an independent center.

Material and Methods
Patients

All procedures performed involving human participants 
were in accordance with the ethical standards of the 
institutional research committee and with the 1975 Helsinki 
declaration and its later amendments or comparable 
standards. We performed a randomized, single-blind, 
clinical trial study from April 2015 till August 2017 at 
Rouyesh Infertility and Fertility Center belonging to the 
Red Crescent (IRCT20180628040270N1), after approval 
by the Ethical Committee of Tehran Royan Institute [Code 
No: IR.ACECR.Royan.REC.1396.253].

All participants received a complete explanation of the trial 
prior to the start of the study. They were especially ensured 
that their semen samples would not be exposed to chemical 
agents. Following voluntary completion of the questionnaire, 
the couples signed informed consent forms. Eligible 
individuals were assured of confidentiality and anonymity, 
and that their decision to participate in, or withdraw from 
the study would not impact their current or future relation 
with the clinic or their future treatment. In this parallel blind 
randomized clinical trial, 205 candidate couples for ICSI 
cycles were randomly assigned to the DGC or DGC/Zeta 
groups based on a computer generated random table.

Inclusion criteria
Females were between 20 and 40 years old, with no 

report of endometriosis or polycystic ovaries. Presence 
of at least 2 to 3 follicles more than18 mm in diameters 
with suitable endometrium for embryo transfer in their 
last ultrasound before administration of human chorionic 
gonadotropin (hCG). Only couples with male factor 
infertility and at least one abnormal sperm parameter 
(sperm motility, concentration and morphology) below 
world health organization (WHO, 2010) criteria were 
included in this study (16).

Exclusion criteria
Couples whose rate of oocytes with abnormal features 

(without polar body, germinal vesicle, granularity, 
refractile bodies, fragmented, or degenerated polar bodies) 
exceeded 10%, were excluded from the study. Couples 
that did not meet the above-mentioned ultrasound criteria 
were also exclude from the study. As were infertile men 
with varicocele. 

Sperm preparation using density gradient 
centrifugation

A two-layer density gradient system (40 and 80%) was 
prepared using PureSperm (Nidacon, Göteborg, Sweden). 
Following semen liquefaction, each semen sample was 
placed on the gradients and centrifuged at 300 g for 20 
minutes. Then, the pellet was collected and re-suspend 
into 5mlof sperm processing medium supplemented with 
10% human serum albumin (HSA, Octalbin, Switzerland). 
The sperm suspension was then centrifuged at 300 g for 7 
minutes. For insemination; the resultant pellet was diluted 
into 0.3 mL of sperm processing medium containing10% 
HAS albumin (14).

Density gradient centrifugation/Zeta procedure
For DGC/Zeta procedure, sperm pellets were washed 

with sperm processing media without HSA, and 
subsequently diluted in 4 ml sperm processing media 
without HSA, immediately after DGC. Subsequently, the 
tube was exposed to a positive charge using a rubber latex 
tube (14). The tube was then removed from the latex tube 
and held by the cap for one minute to provide the time 
needed for the sperm with adequate negative charge to 
attach to the charged tube. Then the sperm processing 
media containing unattached sperm was withdrawn from 
the tube and the tube was washed with sperm processing 
medium containing HSA in order to detach the attached 
sperm. Ultimately, the content of each tube was centrifuged 
and the pellet was diluted in sperm processing media with 
HSA and used for ICSI. To reduce inter-sample variation, 
a single trained individual carried out all the procedures 
for sperm processing. The embryologist who inseminated 
the sperm was blind to the allocation of the sperm to the 
two groups; DGC and DGC/Zeta.

Intracytoplasmic sperm injection procedure 
Stimulation and ovum pick up procedures were 

performed base on a single standard protocol for all cases 
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(17). Around  16-18 hours post-ICSI, the presence of male 
and female pronuclei was considered as a sign of successful 
fertilization and the rate of fertilization was calculated as 
the percentage of injected oocytes that became fertilized. 
An embryo was selected and considered to be a top quality 
embryo if there were six to eight blastomeres on day 3 
with fragmentation less than 25% and the absence of multi 
nucleated blastomeres at any stage of early development. The 
percentage of top quality embryos was defined as the number 
of top embryos obtained from the total number of cleaved 
embryos. Procedures of embryo transfer were similar in both 
groups and were carried out by an embryologist who was 
not aware of the design of the clinical trial. The embryologist 
was asked to select the best embryos for transfer and a 
minimum of one and a maximum of three embryos were 
transferred. Based on the internal policy of the center, 
individuals under the age of 35 can receive a maximum of 2 
embryos whileindividualsover35 were allowed to request for 
the transfer of a maximum of 3 embryos if two top quality 
embryos are not available. Blastocyst quality was assessed 
on day 5 (18). All embryos were transferred fresh. Chemical 
and clinical pregnancy were defined as β-hCG levels higher 

than 10 IU and the presence of a gestational sac, 5 weeks 
after embryo transfer, respectively.

Statistical analysis

SPSS for Windows Version 18 (SPSS Inc., Chicago, 
IL, USA) was used for all statistical analyses. Data are 
presented as means ± SEM for continuous variables. 
Independent-samples t test was used for comparisons 
of couples’ age and sperm parameters between DGC/
Zeta and DGC groups (Table 1). Independent studentʼs 
t test and Chi-square carried out for statically analyzing  
was used for comparisons of fertilization, good-quality 
embryo, pregnancy, implantation, and miscarriage (Table 
2). The value of P<0.05 was considered statistically 
significant. This clinical trial study was a continuation of 
the Nasr-Esfahani group study (15). To detect the effect 
of DGC/Zeta on clinical outcome in male factor infertility 
patients following ICSI which is in agreement with the 
study of Nasr Esfahani et al. (15) with a power of 80%, 
a sample size of 103 patients per group was necessary, 
given an anticipated dropout rate of  10%.

Table 1: Comparison of couples age, and sperm parameters between density gradient centrifugation (DGC)/Zeta and DGC groups

Parameters DGC/Zeta DGC P  value

Male age (Y) 36.40 ± 3.28 35.87 ± 2.35 0.25NS 

Female age (Y) 31.25 ± 0.44 32.04 ± 0.58 0.23NS

Sperm concentration (106/ml) 34.44 ± 3.41 35.22 ± 3.20 0.38NS

Total sperm motility (%) 37.74 ± 1.41 38.21 ±1.37 0.90NS

Progressive motility (%) 14.83 ± 1.61 15.01 ± 1.48 0.54NS

Sperm normal morphology (%) 3.20 ± 0.41 4.04 ± 0.65 0.11NS

Data are presented as mean ± SEM and analyzed by independent-samples t test. Asterisk indicate significant difference; *; P<0/05, and NS; Non significant.

Table 2: Comparison of clinical outcomes between density gradient centrifugation (DGC)/Zeta and DGC groups

Parameters DGC/Zeta DGC P  value
n=103 n=102

Number of oocyte retrievals 6.54 ± 0.35 7.12 ± 0.30 0.15NS

Fertilization rate (%) 64.75 ± 1.67 58.88 ± 1.83 0.67NS

Number of embryos transferred 2.40 ± 0.11 2.28 ± 0.10 0.80NS

Good quality of embryo at day 3 (%) 41.89 ± 2.01 30.64 ± 3.51 0.04*

Blastocyst formation rate on day 5 (%) 41.5 ± 1.53 37.84 ± 1.71 0.51NS

Good quality blastocyst (%) 33.69 ± 1.22 23.86 ± 1.51 0.049**

Expand blastocyst (%) 48.2 ± 2.11 39.24 ± 2.75 0.007**

Hatching blastocyst (%) 1.2 ± 0.82 0.4 ± 0.68 0.005**

Clinical pregnancy rate (%) 36/103 (35%) 21/102 (20.68%) 0.007**

Implantation rate (%) 21/103 (20.48%)    12/102 (11.42%) 0.17NS

Miscarriages rate (%) 5/56 (8.92%) 6/31 (19.35%) 0.04*

Chemical pregnancy (%) 44/103 (42.71%) 22/102 (21.56%) 0.005**

Data are presented as mean ± SEM and analyzed  by Independent studentʼs t test and Chi-square. Asterisks indicate significant difference; **; P<0/01 , *; 
P<0/05, and NS; Non significant.
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Results
In this randomized clinical trial, a total of 240 infertile 

couples were recruited and 220 couples agreed to partake 
in this study. These couples were randomly divided into 
two groups based on the randomization table generated by 
a computer into the DGC/Zeta or DGC groups. Of the 220 
infertile couples, 7 couples were excluded from the study 
based on exclusion criteria (3 and 4 couples in the DGC/
Zeta and DGC groups, respectively). Of the 213 remaining 
couples 8 couples decided to leave the study for personal 
reasons. Finally, of the 205 remaining couples 103 and 
102 belonged to DGC/Zeta and DGC groups, respectively. 
Baseline characteristics of the DGC/Zeta and DGC groups 
including male age (P=0.25), female age (P=0.23) semen 
parameters including [sperm concentration (P=0.38), total 
motility (P=0.9) and normal morphology (P=0.11)] were 
analyzed and compared between the two groups. These 
were found to be similar in both groups and no significant 
differences were observed (Table 1).

The clinical outcomes
The clinical outcomes of a total 205 cycles in two groups 

were evaluated and compared (Table 2). The mean number 
of retrieved oocytes and transferred embryos in the two 
groups were similar without any significant differences. 
An obvious drift towards a superior fertilization rate was 
seen in the DGC/Zeta procedure compared to DGC alone 
(64.75 ± 1.67 vs. 58.88 ± 1.83, P=0.67). Although, there 
was no statistically significant difference in the mean 
number of embryos transferred between the two groups 
(P=0.8), but mean percentage of good embryo quality 
at day 3 (41.89 ± 2.01 vs. 30.64 ± 3.51, P=0.04), good 
quality of blastocysts (33.69 ± 1.22 vs. 23.86 ± 1.51, 
P=0.049), expanded blastocysts (48.2 ± 2.11 vs. 39.24 ± 
2.75, P=0.007), and mean of hatching blastocysts (1.2 ± 
0.82 vs. 0.4 ± 0.68, P=0.005) were significantly higher in 
the DGC/Zeta group compared to the DGC group. The 
percentage of chemical (P=0.005) and clinical (P=0.007) 
pregnancy rates in the DGC/Zeta group were 42.47 and 
35.03, respectively. However these rates were 21.10% 
and 20.43% respectively in the DGC group. The mean 
percentage of implantation rate were insignificantly 
(P=0.17) higher in the DGC/Zeta group (20.80) compared 
to the DGC group (11.96). While the mean percentage of 
missed spontaneous abortion/missed miscarriages were 
significantly (P=0.04) lower in the DGC/Zeta group (8.9) 
compared to the DGC group (19.01).

Discussion
Numerous methods have been developed to eliminate 

morphologically normal sperm with damaged DNA from 
being inseminated during the ICSI procedure, which is a 
shortcoming of conventional ICSI procedures. Each of 
these approaches has advantages and disadvantage which 
have been covered by extensive reviews in this filed (1, 
8, 9). The outer surface of the sperm plasma membrane is 
rich in sialic acids. These sialic acids are responsible for 
the membrane’s negative electrical charge of around −16 

to −20 mV called the "Zeta potential" or electrokinetic 
potential (19, 14). Sperm selection based on Zeta potential 
is a new strategy in order to acquire functional sperm in 
a manner that optimizes sperm recovery rates specially 
of sperm with normal DNA integrity to improve ICSI 
outcomes (20, 21). 

Despite clear evidence showing benefits of selecting 
sperm based on Zeta potential, low enthusiasm for the 
implementation of this technique is due to the limited 
number of clinical trials. Ainsworth et al. (22-24) and 
Fleming et al. (25) introduced a device based on Zeta 
potential or electrophoresis and their preliminary studies 
showed that ICSI outcomes can be improved by this 
approach. In this regard, the first pregnancy reported 
using the electrophoresis method in infertile couples with 
previous repeated failed fertilization, and high sperm 
DNA fragmentation (22). In addition, Fleming et al. (25) 
compared clinical outcomes of ICSI or IVF between the 
electrophoretic method and the DGC procedure, and 
concluded that the mean fertilization rate, and embryo 
quality were similar between the two groups. Then, they 
reported that the electrophoretic method can be harmful 
for sperm motility. Unlike the electrophoretic method, the 
Zeta method is simple, low cost, fast, and no chemicals are 
used during the preparation of the sperm. In this regard, the 
Nasr-Esfahani et al. (15), by inducing positive charge on 
the surface of a tube showed that ICSI outcome, especially 
clinical pregnancy rate can be improved by this technique 
compared to DGC alone. Based on their experience, we 
also decided to assess the efficiency of this technique 
in a sister clinic in different location independently of 
this group but through their collaboration and with the 
transfer of experience. Thus, following randomization, a 
total of 103 and 102 infertile couples were allocated to the 
DGC/Zeta and DGC groups, respectively and the clinical 
outcomes were evaluated. In this study, higher rates of 
good embryo quality, blastocysts, expanded blastocysts, 
hatching blastocysts, chemical and clinical pregnancy 
were seen in the DGC/Zeta group. In addition, the results 
of this study also revealed that the selection of sperm 
through the DGC/Zeta procedure did not significantly 
affect the fertilization rate but significantly improves 
embryo quality. This is consistent with the results of 
previous studies suggesting that sperm DNA damage 
does not necessarily preclude sperm from participating 
in the process of fertilization but can significantly 
affect the embryo quality especially during maternal-
embryonic genomic transition (26). These results are in 
agreement with a previous randomized trial study by Nasr 
Esfahani et al. (15) and represented an improvement in 
clinical outcomes after injection of sperm with DGC/
Zeta processing. Major causes of significant difference in 
clinical consequences between the two procedures, (DGC/
Zeta vs. DGC alone), may be due to the ability of DGC/
Zeta for selecting mature sperm with lower DNA damage 
compared to DGC alone. Indeed, a high rate of sperm 
DNA damage has been associated with reduced clinical 
outcomes following assisted reproduction, increased time 
to conception and high rate of abortion (11, 26-29).
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Conclusion
The results of this blind clinical trial along with other 

reports in the literature reveal that selection of sperm based 
on Zeta is able to recover a population of mature sperm 
with intact DNA and eliminate sperm with a high degree 
of DNA fragmentation. Therefore, the improved efficacy 
should be particularly valuable in ART. Accordingly, 
we recommend specialists working in field of assisted 
reproduction to evaluate the capacity of Zeta procedure 
especially for couples with previous implantation failures. 
However, use of a device for the selection of sperm based 
on Zeta potential may even further improve the efficiency 
of clinical outcomes post ICSI and reduce variations 
between different studies.
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Abstract
Objective: Spermatogonial stem cells (SSCs), as unipotent stem cells, are responsible for the production of sperm 
throughout the male’s life. Zinc finger and BTB domain containing 16 (ZBTB16/PLZF) genes provide various functions 
in the cell development, signaling pathway, growth regulatory and differentiation. Here, we aimed to investigate 
expression of the PLZF germ cell gene marker in testis, SSCs, pluripotent embryonic stem cells (ES cells) and ES-like 
cells of mouse testis.          
Materials and Methods: In this experimental study, we examined the expression of the PLZF germ cell marker in the 
testis section and testicular cell culture of neonate and adult mice by immunohistochemistry (IMH), immunocytochemistry 
(ICC) and Fluidigm Real-Time polymerase chain reaction (PCR).               
Results: IMH data indicated that the PLZF protein was localized in the neonate testis cells of the tubules center as 
well as the basal compartment of adult testis seminiferous tubules. Counting PLZF IMH-positive cells in the sections 
of seminiferous tubules of adult and neonate testis revealed significant expression of positive cells in adult testis 
compared to the neonate (P<0.05).  Under in vitro conditions, isolated SSC colonies were strongly ICC-positive for the 
PLZF germ cell marker, while ES cells and ES-like cells were negative for PLZF. Fluidigm Real-Time-PCR analysis 
demonstrated a significant expression of the PLZF germ cell gene in the neonate and adult SSCs, compared to ES 
cells and ES-like cells (P<0.05).
Conclusion: These results indicate that PLZF is a specific transcription factor of testicular germ cell proliferation, but it is down-
regulated in pluripotent germ cells. This can be supportive for the analysis of germ cells development both in vitro and in vivo.      
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Introduction
Germ cells are formed and matured during early 

embryogenesis from primordial germ cells (PGCs) (1). 
Spermatogonial stem cells (SSCs) are the adult stem cells 
located in the basal membrane of seminiferous tubules of testis. 
They receive cytokines from somatic cells including Sertoli 
cells, blood vessels, Leydig cells and macrophages. SSCs can 
be isolated by fluorescence-activated cell sorting (FACS), 
magnetic-activated cell sorting (MACS), matrix selection and 
morphology-based selection (2-4). SSCs have the potential for 
conversion into embryonic stem (ES)-like pluripotent stem 
cells under defined in vitro culture conditions (2-5).

Extrinsic secreted growth factors from the SSCs niche 
and intrinsic gene expression play a crucial role in the 
maintenance of SSCs (2, 6). Extrinsic factors which are 
produced and secreted by Sertoli cells include glial cell-
derived neurotrophic factor (GDNF) and KIT ligand (KITL) 
(7). Intrinsic factors include PLZF (8, 9), ETV5 (10), Taf4b 
(11),  Bcl6b (12), Pou5f1, Nrg1, Nanog and Gja1  (13-15) as 
well as Gfra1 and RET (16). The transcription factor PLZF, as 
a transcriptional repressor that regulates the epigenetic state of 
undifferentiated cells, is involved in different cellular functions 
such as cell proliferation, apoptosis and differentiation during 

spermatogenesis, neurogenesis and embryonic development 
(8, 17, 18). 

Filipponi et al. (19) demonstrated that PLZF directly 
represses the transcription of kit, a marker of spermatogonial 
differentiation. PLZF plays an essential role in the self-
renewal and maintenance of the SSC in the testis niche (8). 
It has been shown that PLZF is co-expressed with Oct4 in 
undifferentiated spermatogonia. It has also been demonstrated 
that loss of the encoding PLZF gene produces limited numbers 
of normal spermatozoa and then leading progressively to the 
lack of respected germline after birth. During embryogenesis, 
PLZF regulates the stage of gene expressions of limb and axial 
skeletal patterning (8, 9, 20). During limb development, it has 
been demonstrated that PLZF has genetic relationship with 
Gli3 and Hox5 genes (21, 22). Previous studies showed that 
PLZF was expressed in testis and SSCs, therefore recognized 
as a SSC marker (23-25). In the present research we have 
extended our study to the expression of PLZF marker in the 
neonate and adult testis sections, isolated SSCs, ES cells 
and generated ES-like cells from mouse testicular culture 
to evaluate if PLZF has the same expression pattern in both 
testicular germ cells and pluripotent stem cells. The results 
indicated that PLZF is clearly expressed in germ cells, but not 
in pluripotent stem cells.

http://purl.org/commons/record/ncbi_gene/14573
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Material and Methods
Digestion and culture of testicular cells 

In this experimental study, neonate and adult C57BL/6 
mouse strain testis cells were isolated by collagenase IV 
(0.5 mg/ml), DNase (0.5 mg/ml) and Dispase (0.5 mg/ml, 
all from Sigma-Aldrich, USA) enzymatic digestion solution 
solved in Hank’s Balanced Salt Solution (HBSS) buffer 
containing Ca2+ and Mg2+ (PAA, USA). Digested testicular 
cells was cultured in SSC condition medium, composed of 
StemPro-34 medium, 6 mg/ml D+glucose (Sigma-Aldrich, 
USA), 1% L-glutamine (PAA, USA), 1% N2-supplement 
(Invitrogen, USA), 0.1% β-mercaptoethanol (Invitrogen, 
USA), 1% penicillin/streptomycin (Pen/Strep, PAA, USA), 5 
µg/ml bovine serum albumin (BSA, Sigma-Aldrich, USA), 
1% non-essential amino acids (NEAA, PAA, USA), 30 ng/
ml estradiol (Sigma-Aldrich, USA), 60 ng/ml progesterone 
(Sigma-Aldrich, USA), 20 ng/ml epidermal growth factor 
(EGF, Sigma-Aldrich, USA), 10 ng/ml fibroblast growth 
factor (FGF, Sigma-Aldrich, USA), 8 ng/ml GDNF (Sigma-
Aldrich, USA), 100 U/ml human leukemia inhibitory factor 
(LIF, Millipore, USA), 1% Minimum Essential Medium 
(MEM) vitamins (PAA, USA), 1% ES cell qualified fetal 
bovine serum (FBS, Gibco, USA), 100 µg/ml ascorbic acid, 
30 µg/ml pyruvic acid and 1 µl/ml DL-lactic acid (all from 
Sigma Aldrich, USA) at 37˚C and 5% CO2 in air (2). 

Culture of the embryonic stem and ES-like cells
ES and ES-like cell lines were originated from our 

previous study (2). These cells were cultured in medium 
with KO-DMEM, composed of 1% NEAA solution, 15% 
FBS, 1% L-glutamine, 0.1% β-mercaptoethanol, LIF at a 
final concentration of 1000 U/ml and 1% Pen/Strep (2). 

Gene expression analyses on the Fluidigm Biomark 
system 

Quantity of the PLZF gene expression (Mm01176868_
m1) in the neonate SSCs, adult SSCs, ES cells, and 
ES-like cells were examined by dynamic array chips 
(Fluidigm). Glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH, Mm99999915_g1) was used as housekeeping 
gene for normalization. Cultured cells were selected with a 
micromanipulator, lysed with lysis buffer solution containing 
1.3 μl TE buffer, 0.2 μl RT/Taq Superscript III (Invitrogen, 
USA), 9 μl RT-PreAmp Master Mix, 5.0 μl Cells Direct 
2× Reaction Mix (Invitrogen, USA), and 2.5 μl 0.2× assay 
pool. Using TaqMan real-time PCR on the BioMark Real-
Time quantitative PCR (qPCR) system, the amount of RNA-
targeted copies was evaluated. Samples were examined in 
two technical repeats. The Ct values were analyzed by GenEx 
software from the MultiD analysis (2, 3, 6).

Immunocytochemical staining
SSCs, ES cells and ES-like cells were fixed with 4% 

paraformaldehyde and then permeabilized with 0.1% 
Triton/PBS. Cells were blocked with 1% BSA/PBS and 
followed by incubation with primary antibody PLZF. In 
the next step, we used overnight incubation fluorochrome 

species-specific secondary antibody and the labeled 
cells were nuclear counterstained with 0.2 µg/ml of 4’, 
6-diamidino-2-phenylindole (DAPI) dye. The labeled 
positive cells were studied with a confocal microscope 
Zeiss LSM 700 (Germany), and images were acquired 
using a Zeiss LSM-TPMT camera (Germany) (2, 26-28).

Tissue processing for immunohistofluorescence 
staining

Mouse testis tissue was washed with PBS and fixed in 4% 
paraformaldehyde. Dehydrated tissue was surrounded in 
Paraplast Plus and cut with a microtome machine at 10 µm 
thickness. Testis tissue sections were mounted on Superfrost 
Plus slides and kept at room temperature until used. For 
processing of immunohistofluorescence staining, samples 
were washed with xylene followed by gradually replacing 
with water in ethanol before staining. For the tissue sections, 
antigen retrieval was performed by heat-induced epitope 
retrieval at 95˚C for 20 minutes, non-specific binding site of 
tissue samples was blocked with 10% serum/0.3% Triton in 
PBS. The experiment of immunofluorescence staining for 
these samples was continued as explained above (2).

Statistical analysis
The expression of PLZF in the indicated groups was 

calculated using one-way analysis of variance (ANOVA), 
continued with the Tukey’s post-hoc tests (t Test) and 
compared with the non-parametric Mann-Whitney’s test. 
The difference among groups was considered statistically 
significant if P<0.05.

Results
We first studied the localization of PLZF in the neonate 

and adult mouse testis (Fig.1). Immunohistochemical 
analysis for the cross-section of testis demonstrated 
that PLZF protein was expressed in the cells located on 
the basal membrane of adult testis seminiferous tubule, 
while in the neonate testis, these cells were located in 
the center of the tubules (Fig.1). Counting PLZF positive 
cells in the testis sections of the adult and neonate testis 
revealed significantly higher expression (P<0.05) of 
these cells in the adult compared to neonate (Fig.2). 
Furthermore, neonate and adult SSCs, ES cells and ES-
like cells were cultivated in vitro, in the defined medium 
to investigate PLZF expression. Neonate and adult SSCs 
were isolated after enzyme digestion and generated cells 
cultivated in the presence of growth factors supporting 
SSC cultivation (Fig.3). Characterization of the isolated 
SSCs was conducted as described in our former study (2). 
Immunocytochemistry (ICC) analysis revealed that SSCs 
were positive, while pluripotent ES and ES-like cells were 
negative for the PLZF protein (Figs.3, 4). ES-like cell 
lines containing promoter-reporter Oct4-GFP transgenic 
mice revealed that these pluripotent cells were positive for 
Oct-4, but they were negative for PLZF (Fig.4). Similarly, 
Fluidigm real-time RT-PCR results showed significant 
PLZF gene expression in the neonate and 12-weeks old 
SSCs, compared to ES cells and ES-like cells (P<0.05, 
Fig.5).
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Fig.1: Immunohistochemistry characterization of PLZF in testis section. A1. PLZF expression in neonate, A2. Representation of the merged images with DAPI, B1. 
PLZF expression in Adult, and B2. Representation of the merged images with DAPI. PLZF; Red and DAPI; Blue.

Fig.2: PLZF positive cell counting in testis section. Counting PLZF positive cells in the sections of neonate and adult testes. Number of PLZF positive cells in 
the adult testis was higher than neonate. a; At least P<0.05 versus other groups. Data are presented as mean ± SD.
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Fig.3: Immunocytochemical characterization of PLZF in spermatogonial stem cells (SSCs). Immunocytochemistry analysis of PLZF expression in the SSC 
(scale bar: 50 μm). A1. Bright field, A2. Green fluorescence shows PLZF expression, A3. Blue shows DAPI, and A4. Representation of the merged images.

Fig.4: Immunocytochemical characterization of PLZF in the pluripotent cells. Immunocytochemistry analysis showed negative expression of PLZF in the 
embryonic stem (ES)-like and ES cells (scale bar: 50 μm). A1. ES-like, green fluorescence for Oct4, A2. ES-like, red fluorescence for PLZF, A3. ES-like, blue 
fluorescence for DAPI, A4. ES-like, merged images, B1. ES, blue fluorescence for DAPI, and B2. ES, red fluorescence fluorescence for PLZF.
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B1

A1 

A4 

A3

B2
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Fig.5: mRNA expression of PLZF gene. Fluidigm quantitative polymerase 
chain reaction (PCR) analysis for PLZF expression in the neonate (N1), 
12-weeks testis (A12), ES-like and ES cells (a; at least P<0.05 versus other 
groups). Significant PLZF expression levels difference in neonate and adult 
SSCs compared to ES-like and ES cells. Data are presented as mean ± SD.

Discussion
It has been demonstrated that PLZF transcription factor 

is a key regulator in SSCs (2). Our histological analysis 
specified localization of the PLZF positive cells in the 
center of neonatal testicular cords and basal compartment 
of the seminiferous tubules of adult testis, co-localized 
with Oct4 positive cells. PLZF/Oct4 co-localization, in a 
few single SSCs attached to the basal membrane, implies 
that these cells are SSCs, but not progenitor cells. The 
cultured SSCs, which are grown under GDNF stimulation, 
are also positive for PLZF. Although the number of PLZF 
positive cells in adult testis was higher than neonate, 
PLZF mRNA expression level in the neonate and adult 
SSCs was similar. Protein analyses using immunohisto/
cytochemistry revealed that PLZF was expressed in 
SSC, but neither in the differentiating germ cells nor 
in the ES-like cells directly generated from SSCs. It 
can be concluded that PLZF is down-regulated during 
both differentiation (spermatogenesis) and conversion 
of the unipotent SSCs into pluripotent ES-like cells. 
Similarly, pluripotent ES cells generated from the inner 
cell mass were negative for PLZF. This finding was also 
confirmed by Fluidigm real-time RT-PCR and ICC. These 
observations imply that PLZF strictly bind to and hold the 
molecular state of a stem cell SCCs. It is proposed that 
PLZF is a transcriptional repressor and activator involved 
in the control of SCC (29).

In undifferentiated spermatogonia, it has been shown 
that PLZF is co-expressed with Oct4. Mutations in the 
PLZF gene restrict the numbers of spermatozoa cells (9). 
Mutations in the PLZF display a progressive defect of SSCs 
and structure of the seminiferous tubule, while the function 
of supporting Sertoli cells is normal (20). In type A and B 
spermatogonia, PLZF was found to be localized in the nucleus 
of undifferentiated SSCs of zebrafish (30). Further studies in 
SSCs have indicated that the PLZF mutant shows an increase 
of c-Kit expression (as a marker required for differentiated 
SSCs), implying that PLZF maintains pool of the SSCs (19). 
It has been demonstrated that PLZF suppresses transcription 
activity of the retinoic acid receptors (31).

Although PLZF expression is positive in undifferentiated 
cells of stem cell compartment near the basement 
membrane of adult mouse testis seminiferous tubules 
but not in spermatocytes, it is unknown whether 
or not PLZF expression is necessary for initiating 
differentiation of the SSCs towards spermatocytes. It 
has been well documented that PLZF plays an important 
role in the self-renewal and maintenance of gonocytes 
and undifferentiated spermatogonia (8). PLZF has been 
demonstrated as a distinguished marker for the isolation 
of human (23, 32, 33), mouse (24, 34) and sheep SSCs 
in testicular culture (35).

It is well-known that PLZF can function as both 
transcription activator and transcription repressor. A direct 
activated target of PLZF is REDD1. REDD1 mediates 
PLZF-dependent down-regulation of TORC1 and it 
is responsible for the maintenance of spermatogonial 
progenitor cells in culture by mediating effective signaling 
from GDNF, while it is normally blocked by TORC1 
activity. It has been postulated that the effect of REDD1 
on TORC1 could also raise the possibility that REDD1 
controls cell growth, tumorigenicity and senescence (36). 

PLZF activates PTEN/AKT/FOXO3 signaling 
pathways which can suppress prostate tumorigenesis 
(37). Deficiency of PLZF expression in prostate cancer 
is associated with tumor aggressiveness and metastasis 
(38). Shen et al. (39) showed that PLZF expression 
inhibited proliferation and metastasis via regulation of the 
interferon-induced protein with tetratricopeptide repeat 2 
and increasing STAT1 protein level.

Conclusion 
Our data demonstrated that PLZF is expressed in 

unipotent Oct4+/VASA- SCCs in the basal compartment 
of adult testis seminiferous tubules. Our findings indicate 
that in comparison with unipotent SSCs, PLZF expression 
is not detectable in pluripotent ES-like cells which are 
directly derived from SCCs. Furthermore pluripotent ES 
cells do not express PLZF. Therefore, it could be proposed 
that PLZF represses and activates target genes which are 
specifically important for the maintenance of SSC.  In the 
future, it would be interesting to anlyse the mechanism of 
PLZF down-regulation while SSCs shift to plutipotency 
and vice versa, during differentiation of pluripotent stem 
cells towards SSC in vitro. 
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Abstract
Objective: Acyl-CoA synthetase short-chain family member 2 (ACSS2) activity provides a major source of acetyl-CoA 
to drive histone acetylation. This study aimed to unravel the ACSS2 expression during mouse spermatogenesis, where 
a dynamic and stage-specific genome-wide histone hyperacetylation occurs before histone eviction.          

Materials and Methods: In this experimental study, ACSS2 expression levels during spermatogenesis were verified by 
Immunodetection. Testis paraffin-embedded sections were used for IHC staining with anti-H4 pan ac and anti-ACSS2. 
Co-detection of ACSS2 and H4K5ac was performed on testis tubular sections by immunofluorescence. Proteins 
extracts from fractionated male germ cells were subjected to western-blotting and immunoblot was probed with anti-
ACSS2 and anti-actin.               

Results: The resulting data showed that the commitment of progenitor cells into meiotic divisions leads to a robust 
accumulation of ACSS2 in the cell nucleus, especially in pachytene spermatocytes (P). However, ACSS2 protein 
drastically declines during post-meiotic stages, when a genome-wide histone hyperacetylation is known to occur.

Conclusion: The results of this study are in agreement with the idea that the major function of ACSS2 is to recycle 
acetate generated after histone deacetylation to regenerate acetyl-CoA which is required to maintain the steady state 
of histone acetylation. Thus, it is suggested that in spermatogenic cells, nuclear activity of ACSS2 maintains the acetate 
recycling until histone hyperacetylation, but disappears before the acetylation-dependent histone degradation.      
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Cell Journal(Yakhteh), Vol 22, No 1, April-June (Spring) 2020, Pages: 66-70

Citation: Goudarzi A, Amiri-Yekta A. Regulated acyl-coA synthetase short-chain family member 2 accumulation during spermatogenesis. Cell J. 2020; 
22(1): 66-70. doi: 10.22074/cellj.2020.6306.

Introduction

Acetylation of histones is an important controlled 
process playing a crucial role in the regulation of 
gene expression (1). Although several families of 
histone acetyltransferases (HATs) have thus far been 
identified and they have been extensively studied, 
the precise source of acetyl-CoA (as the universal 
donor of acetyl group used by these enzymes) has 
just recently attracted attention. Acetyl-CoA used by 
HATs, comes from different sources due to the activity 
of cytoplasmic/nuclear enzymes, including ATP citrate 
lyase (ACLY) and ACSS2 (2-5). 

Recent investigations have particularly highlighted 
important role of ACSS2 in general and locus-
specific histone acetylation (6). Taking into account 
the important role of ACSS2 in the control of histone 
acetylation and tissue-specific gene expression, the 
question of the expression pattern of its encoding gene 
is a highly relevant issue. In this regard, spermatogenic 
cell differentiation is particularly an interesting 
system, since this differentiation program involves a 

genome-wide histone hyperacetylation during its late 
stages, just before the occurrence of a global histone-
to-protamine replacement (7). Spermatogenesis is a 
process generating spermatozoa from progenitor male 
germ cells, spermatogonia. It involves roughly three 
different phases including mitotic, meiotic and post-
meiotic cells. At the end of mitotic phase, spermatocytes 
are produced which undergo two meiotic divisions, 
giving rise to round haploid cells named spermatids. 
In the post-meiotic phase, these round haploid cells 
differentiate into elongating/condensing spermatids. 
This process is accompanied by a genome-wide 
histone removal and their replacement by small basic 
proteins, transition proteins (TPs) and protamines, 
following a series of event coordinated by the histone 
variant H2A.L.2 (7, 8). 

Ultimately, the elongating spermatids (EIS) undertake 
a real metamorphosis to become mature spermatozoa 
(9, 10). Despite the importance of this genome-wide 
exchange of histones by small basic proteins and the 
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associated chromatin compaction in protecting the 
male genome, the molecular mechanisms underlying 
histone disappearance have remained poorly explored 
(9). Previous works have described a wave of genome-
wide histone H4 hyperacetylation that occurs in EIS 
right before histone removal. Recent works suggest 
that this acetylation signals the recruitment of BRDT 
(as a double bromodomain containing testis-specific 
factor) whose first bromodomain is indispensable for 
the removal of above-mentioned acetylated histones (7, 
11). This unique physiological situation, where a global 
histone hyperacetylation occurs in spermatogenic 
cells, prompted us to consider spermatogenesis as an 
interesting and relevant system to monitor the stage-
specific ACSS2 protein accumulation. 

Materials and Methods
Chemical and reagents

In this experimental study, the utilized antibodies 
were as follow: ACSS2 antibody (Cell signaling, USA), 
anti-Actin (Sigma, Germany) and anti-H4 pan-acetyl 
(Millipore, Germany). Anti-H4K5ac was kindly provided 
by Dr. Kimura, Department of Biological Sciences, Tokyo 
Institute of Technology, Japan.  

Protein extraction and Western-Blotting

Total protein content from whole testes and fractionated 
male germ cells were extracted in 8M urea and they were 
sonicated using Bioruptor sonication system (Diagenode, 
Belgium) at 250 J. Protein dosage was assessed using 
Bradford assay. 

Male germ cells fractionation

Male germ cells at different stages of spermatogenesis 
including pachytene spermatocytes (P), round spermatids 
(RS) and ElS, were obtained by enrichment on a BSA 
gradient, as previously described (12).

Immunofluorescence, histology and immunohisto-
chemistry

Alcohol-formalin-acetic acid-fixed (AFA-Fixed) testes 
were embedded in paraffin and immunostaining of 
ACSS2 and H4 pan-acetylation were followed by using 
immunohistochemistry (IHC) technique, as previously 
described (11). ACSS2 and histone acetylation were co-
detected using anti-ACSS2 and anti-H4K5ac in prepared 
mouse seminiferous tubules by immunofluorescence 
assay, as previously described (13). 

Statistical analysis
The expression levels of ACSS2 in male germ cells 

were normalized, according to Affymetrix or Illumina 
standardized processes respectively, and statistics were 
performed using R software and appropriate script 

packages. Data are expressed as mean ± standard error of 
mean (SEM), expression levels were compared between 
the different groups using t tests, and P<0.01 were 
considered to be statistically significant.

Results

Cell type-specific accumulation of ACSS2 during 
spermatogenesis

To investigate the potential role of ACSS2 in 
generating essential acetyl-CoA required for the histone 
H4 hyperacetylation during spermatid elongation, 
we focused on the expression level of corresponding 
protein, during the mouse spermatogenesis. To this end, 
we took advantage of the previously established stage-
specific transcriptomic data (14, 15). This analysis 
showed a marked increase of ACSS2 expression 
between spermatogonia and spermatocytes, followed 
by a slight but not significant decrease in post-meiotic 
RS and condensing spermatids (Fig.1). Next, to 
determine the precise pattern of ACSS2 expression 
during spermatogenesis, we used sections of paraffin-
embedded testes and IHC. Figure 2 confirms that 
ACSS2 could be easily detected in spermatocytes. 
Rather unexpectedly, this analysis also shows that 
ACSS2 is not detectable in post-meiotic cells, where 
histone hyperacetylation occurs (Fig.2). 

To better monitor ACSS2 accumulation in 
spermatogenic cells and more specifically consider 
its intracellular localization, we used a more sensitive 
immunodetection of ACSS2 by immunofluorescence. 
In fact, Figure 3A shows that ACSS2 is robustly 
accumulated in P, while the protein was predominantly 
detected in the nucleus. The protein was also detected 
in post-meiotic cells, especially in EIS, but it did 
not significantly colocalize with the areas bearing 
hyperacetylated H4. In contrast, ACSS2 was rather 
present in nuclear regions where the histones had 
already been removed, since the regions was devoid of 
H4K5ac signal corresponding to removed histones and 
ACSS2 is present in this zone (Fig.3A merged image). 
Finally, in late elongating/condensing spermatids, 
ACSS2 was almost undetectable.

To make sure that the detection of ACSS2 was 
specific and that the absence of protein in elongating 
and condensing spermatids was not due to chromatin 
compaction and the inability of the antibody to detect 
the protein in situ, we prepared cells enriched at 
specific stages of spermatogenesis by fractionating 
spermatogenic cells and performed Western blots, to 
detect ACSS2 in these fractionated cells.

The results shown in Figure 3B confirm that 
ACSS2 is decreased in post-meiotic cells compared 
to spermatocytes. This also indicates that elongating/
condensing spermatids contain only residual amounts 
of ACSS2. 
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Fig.1: Stage-specific Acyl-CoA synthetase short-chain family member 2 (ACSS2) expression during spermatogenesis. Diagrams show the expression levels of ACSS2 
in spermatogonia, spermatocytes, round spermatids and elongating/condensing spermatids. The expression data were obtained from microarray data, available 
on GEO on the Affymetrix platform GPL1261 (GSE4193, GSE21749, left panel) or the Illumina platform GPL6887 (GSE55767, right panel) (15). A significant increase 
in the expression level of ACSS2 was observed in meiotic cells (spermatocytes), compared to spermatogonia  (P<0.01). Box plots are represented using the default 
parameters of the function “box plot” in R (black line corresponds to median value and whiskers=1.5 * interquartile range). The histograms represent mean values 
+ standard error of mean (SEM).

Fig.2: Acyl-CoA synthetase short-chain family member 2 (ACSS2) expression in the mouse testis. A. Immunohistochemistry (IHC) assay was performed on 
testis paraffin-embedded sections using anti-ACSS2 and H4 pan-acetylated antibodies. The two upper IHC images on the left side represent the ACSS2 
signal in sections with and without counter-staining. The two lower IHC images on the left side represent H4 pan-acetylated signal in sections with and 
without counter-staining (scale bar: 20 µm) and B. The right panel shows  ACSS2 expression along spermatogenesis.
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Fig.3: Acyl-CoA synthetase short-chain family member 2 (ACSS2) starts to disappear along with histone removal in post-meiotic cells. A. Immunofluorescent 
co-detection of H4K5ac (in green) and ACSS2 (in red) in mouse male germ cells. DAPI staining was used to visualize cell nuclei (scale bar: 5 μm) and 
B. Extracted total proteins from fractionated mouse male germ cells were used to detect ACSS2 in spermatocytes, round spermatids and elongating/
condensing spermatids fractions using Western-blot.

Discussion
ACSS2 seems to be a major provider of acetyl-CoA 

for histone acetylation (16). This enzyme could directly 
use acetate from extracellular or intracellular sources to 
generate acetyl-CoA (17). One of the important missions 
of this enzyme is to recycle acetate released after the action 
of HDACs in the nucleus to feed HATs and maintain the 
histone acetylation turnover (18). This detailed analysis 
of ACSS2 expression in parallel with histone acetylation 
during spermatogenesis actually supports the idea that 
ACSS2 is, in fact, an enzyme with a major function in 
acetate recycling to maintain an appropriate amount 
of acetyl-CoA for histone acetylation. Indeed, it is now 
known that in elongating/condensing spermatids, the 
hyperacetylated histones are removed and degraded (7). 
Hence, under this specific circumstance, there is no more 
histone to acetylate and therefore no need to recycle 
acetate to regenerate acetyl-CoA. This situation could 
explain why ACSS2 is not maintained in the post-meiotic 
cells, at the stages they undergo histone-to-protamine 
replacement. Using these observations, we can propose 
different functions for the two major enzymes generating 
acetyl-CoA in the cytoplasm and nucleus. These enzymes 
are ACLY and ACSS2. ACLY uses CoA and citrate to 
generate acetyl-CoA and oxaloacetate. Although ACLY 

is capable of efficiently producing acetyl-CoA, it does 
not play role in recycling the acetate which is released 
after histone deacetylation. The disappearance of ACSS2 
in elongating/condensing spermatids at the time of 
histone removal supports the idea that acetate recycling is 
precisely the mission of ACSS2.

Conclusion
ACSS2 should be a major actor in maintaining the 

steady-state of chromatin acetylation, allowing to establish 
an equilibrium between the action of deacetylases and 
acetyl-transferases. In elongating/condensing spermatids, 
hyperacetylated histones are targeted for degradation and 
hence there is no need to keep active the acetate recycling. 
This is certainly why ACSS2 disappears in elongating/
condensing spermatids at the time of histone removal.
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Abstract
Objective: DNA methylation systems are essential for proper embryo development. Methylation defects lead to 
developmental abnormalities. Furthermore, changes in telomerase gene expression can affect stability of chromosomes 
and produces abnormal growth. Therefore, defects in both methylation and telomerase gene expression can lead to 
developmental abnormalities. We hypothesized that mutation in the methylation systems may induce developmental 
abnormalities through changing telomerase gene expression.          
Materials and Methods: In this experimental study, we used Arabidopsis thaliana (At) as a developmental model. 
DNA was extracted from seedlings leaves. The grown plants were screened using polymerase chain reaction (PCR) 
reactions. Total RNA was isolated from the mature leaves, stems and flowers of wild type and met1 mutants. For 
gene expression analysis, cDNA was synthesized and then quantitative reverse transcription PCR (qRT-PCR) was 
performed.
Results: Telomerase gene expression level in homozygous met1 mutant plants showed ~14 fold increase compared 
to normal plants. Furthermore, TERT expression in met1 heterozygous was~ 2 fold higher than the wild type plants.
Conclusion: Our results suggested that TERT is a methyltransferase-regulated gene which may be involved in 
developmental abnormities causing by mutation in met1 methyltransferase system.     
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Introduction
Cytosine methylation is an important epigenetic 

feature which can be preserved after each round of DNA 
replication (1). Methylation of cytosine is found in CG, 
CNG (“N” any nucleotide) and CHH (any asymmetric 
site, H= A, C or T) sequences (2). Methylation at CG sites 
in mammals is maintained by DNA methyltransferase 
Dnmt1 (3). Mouse Dnmt1 and Arabidopsis met1 are 
orthologues of human DNMT1. 

Both MET1 and DNMT1 possess large N termini 
containing bromo-adjacent homology (BAH) domains (4-
8). Dnmt1 mutant mice die nine days after development 
start. However, met1 Arabidopsis mutants with several 
developmental abnormalities, like reduced apical 
dominance, altered leaf shape (curled leaves) and altered 
flowering time, are alive  making Arabidopsis a suitable 
model for research on methylation system defects (9, 
10). met1 is responsible for 80-90% of methylation 
on Arabidopsis genome (11). The number of met1 
homozygous mutant individuals from heterozygous 
parents is only 2% of Mendel’s prediction (12). Few genes, 
such as  fwa and superman, were found in the met1 mutant 
plants to be misregulated, while they are responsible for 
some developmental phenotypes (13, 14). On the other 
hand, in mouse embryonic cells, methylation system 
defects lead to telomere elongation change. Defect in 

telomerase gene expression was also reported to cause 
developmental abnormalities (15). Telomere has a crucial 
role in chromosome stability and replication. Therefore, 
changes in telomerase gene expression can influence 
growth and development (16). Telomerase gene in plants 
is developmentally regulated, similar to the regulation 
mechanism in humans (17, 18). Expression analysis 
revealed that TERT overexpression modulate expression 
of some genes needed to increase longevity (19). 

Methylation defects and telomerase down-regulation 
both lead to developmental abnormalities. Therefore, 
we hypothesized that mutation in methylation 
system induces developmental abnormalities through 
changing telomerase expression.

Material and Methods
Plant material and growth condition

All met1 heterozygous seeds in this study were kindly 
provided by Prof. Poszkowski laboratory, University of 
Geneva, Switzerland. Arabidopsis met1+/- heterozygous 
seeds were grown in the mixture of forest soil and moss 
with 1:1 ratio, or mixture of forest soil, vermiculite and 
perlite with 4:3:2 ratios. They were grown at growth 
chambers at 23˚C using a 16 hours light/8 hours dark 
photoperiod. After growing seedlings, BASTA was 
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sprayed on 7-10 days old seedlings and the sensitive 
plants were removed. Then, seedlings with serrated leaf 
margins were sampled for genotyping. 

DNA and RNA extraction 
DNA was extracted from leaves of seedlings, using 

Dellaporta et al. (20) method. After grinding in liquid 
nitrogen, 500 µl buffer [Tris-Hcl: 1 M, pH=9.0, LiCl: 2 
M, Ethylenediaminetetraacetic acid (EDTA): 0.5 M, 10% 
w/v sodium dodecyl sulfate (SDS)] was added to them. 
After five minutes spinning at high speed, 350 µl of 
supernatant was transferred into a microtube containing 
350 µl isopropanol and spun 10 minutes at high speed. 
The liquid was poured off and the pellet was dried. After 
that 100-200 μl ddH2O was added and shacked at room 
temperature for 30 minutes. Total RNA was extracted from 
mature wild type, met1 heterozygous and homozygous 
mutant plants according to Dellaporta et al. (20) method. 
Briefly, 0.1-0.5 g of fresh tissue was grinded in liquid 
nitrogen and transferred into a microtube containing 750 
µl of extraction buffer (Tris-Hcl: 100 mM, pH=8.5, NaCl: 
100 mM, EDTA: 20 mM, 1% Sarkosyl) and 750 µl of 
phenol/chloroform. Then the standard protocol of phenol/
chloroform extraction was followed and finally the pellet 
of RNA was dissolved in 20-100 µl of ddH2O.

Genotyping
The collection was screened using the specific primers. 

Primers for met1 wild type were:
5΄-GCCTGGTCAAGTGGACTTCATC-3΄ and 
5΄-CCATTCTTCACAGAGCATGCC-3΄, while they were 
5΄-GATTGTGTCTCTACTACAGAGGC-3΄ and 
5΄-TGGACGTGAATGTAGACACGTCG-3΄ for the 
mutant allele. 

Polymerase chain reaction (PCR) reactions were 
performed in the volumes of 25 µl containing 10 ng DNA, 
1X PCR buffer, 1.5 mM MgCl2, 0.2 mM dNTP, 0.4 µM 
each of primers forward and reverse and 0.625 U of DNA 
polymerase (Takara Shuzo Co., Japan). PCR program 
was performed as following: 94˚C for 5 minutes, then 30 
cycles of respectively 94˚C for 30 seconds, 56˚C for 30 
seconds and 72˚C for 30 seconds followed by 72˚C for 10 
minutes to complete DNA expansion. PCR products were 
visualized on 1% agarose gel.

Gene expression analysis
cDNA was synthesized using REVERTAID 

(Thermoscientific RevertAid cDNA synthesis Kit, USA) 
according to manufacturer instructions. Then, reverse 
transcription (RT)-PCR reactions were carried out using 
TaKaRa kit (TaKaRa, Japan) in 20 µl volume, according 
to manufacturer’s protocol. actin was used as an internal 
control in PCR reaction. Primers were: 

5΄-TGTGGATCTCCAAGGCCGAGTA-3΄and 
5΄-CCCCAGCTTTTTAAGCCTTTGATC-3΄ for actin and 
5΄-CCTGTTTAGCCTGCTTTACA-3΄ and 

5΄-GCAGAGAAAGGTCAATTTCA-3΄ for TERT.
Quantitative RT-PCR (qRT-PCR) amplifications were 

carried out in the final volumes of 20 µl containing 10 
ng cDNA, 0.4 µM of each primer and SYBR Green PCR 
Master Mix in iQ5 real thermocycler (Bio-Rad, USA). 
PCR condition was consisted of 94˚C for 3 minutes, 50 
cycles of 94˚C for 10 seconds, 52˚C for 10 seconds, 72˚C 
for 10 seconds followed by 72˚C for 10 minutes.

CpG island analysis
Selection of the met1 gene was based on a bioinformatics 

survey. Thus, the -1000 to +100 region of AtTERT gene’s 
promoter was investigated using CpGPlot, CpGIF, 
PlantPan software for analysis of the methylation islands. 
The CpG islands found in the CpGPlot and CpGIF 
software were almost in line with each other. The CpNpG 
islands were not found in PlantPan software. Therefore, 
the met1 methyltransferase system, methylating CpG 
islands, was selected.

Statistical analysis
All experiments were repeated three times. Gene 

expression levels were analyzed using normalized 
calibrator method (21). Graphpad Prism version 6 
(Graphpad Software, USA) was used for data analysis. 
A P value less than 0.05 was considered  statistically 
significant.

Results
Wild type and mutant plants

After DNA extraction, genotyping was carried out. 
As expected amplified fragments size for wild type and 
mutant strains were 600 bp and 392 bp respectively. 
So, heterozygous and homozygous mutant plants were 
selected. Normal met1 homozygous and heterozygous 
mutant plants are shown in Figure 1A.

TERT transcript level in the met1 mutant plants
After RNA extraction, reverse transcription reaction 

was carried out. As we expected, gel electrophoresis 
showed respectively 97 bp and 132 bp bands regarding 
the actin and TERT genes (Fig.1B).

For evaluating AtTERT gene, actin gene was used as a 
reference gene in this study. Cycle threshold (CT) value 
of reference gene was identical in wild type and mutant 
plants, indicating the equal expression of actin gene 
in the wild type and mutant plants. For TERT specific 
gene, different plants had different CT values, indicating 
different gene expression in wild types, heterozygous and 
homozygous mutant plants.

Telomerase gene expression levels in homozygous met1 
mutant plants showed 14.123 fold increase compared to 
the normal plants. Furthermore, TERT expression in 
heterozygous met1 mutant plants was 2.009 fold higher 
than wild type plants (Fig.2).
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Fig.1: Morphology of wild-type, met1 homozygotes and heterozygotes. A. Wild 
type plant (a), heterozygous met1+/- mutant plant (b), and homozygousmet1-/- 
mutant plant (c). All of these plants are 60 days old seedlings and B. Reverse 
transcription polymerase chain reaction (RT-PCR) experiments of TERT 
transcript and ACTIN as an internal control (lower panel). The size of bands of 
TERT and ACTIN transcripts is 132 bp and 97 bp respectively.

Fig.2: Telomerase gene expression patterns in the control, met1 
heterozygous and homozygous mutant plants.

Discussion
DNA methylation is a major epigenetic mechanism and 

a key factor affecting normal development in animals 
and plants (22). Null mutations in the mouse Dnmt1 or 
Dnmt3a/b genes lead to embryonic abortion but in met1 
mutant Arabidopsis plants are alive (23, 24). Therefore, 
Arabidopsis is an excellent genetic model for investigation 
of methylation defects. In the present study, we evaluated 
the effects of mutation of met1 DNA methyltransferase 
on telomerase gene expression. 

Telomerase promoter contains methylation islands 
within the region of -1000 and +100. Promoter 
hypermethylation mainly occurs in CpG sites and depends 
on met1 and drm2  methyltransferases (25). Therefore, 
the telomerase gene may be controlled by met1 system.

Expression of TERT was increased ~14 fold in 
homozygous and ~2 fold in heterozygous met1 mutated 
plants. It seems that mutation in met1 methyltransferase 
systems decreases methylation of the promoter CpG 
islands of telomerase gene and increases the telomerase 
gene expression. Overexpression of telomerase leads to 
telomere lengthening. Long telomeres have detrimental 
effects on cells and special proteins, such as TZAP, 
triggered telomere trimming to a balanced level (26). 
The telomeric repeat sequences are bound to telomere-
binding proteins; therefore, long telomere repeats would 
presumably recruit more of these proteins. Many telomere-
binding proteins have non-relevant (non-telomeric) 
functions (27, 28). The increased telomere length leads 
to sequestration of telomere-binding proteins and 
inhibits their binding to non-telomeric sites. Indeed, long 
telomeres reduce growth and life span (29). Therefore, 
overexpression of telomerase in met1 mutated plants 
may be related to the limited growth and developmental 
abnormalities in Arabidopsis. 

Further research is needed to show how homozygous 
mutant plants survive and grow, despite the severe 
developmental abnormalities. It is possible that 
other methylation systems compensate the effects 
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of met1 mutation and improves the phenotype. 
Hypermethylation, caused by met1 mutation, inhibits 
the DNA demethylation pathway and activates the de 
novo methylation (12, 30, 31). 

Conclusion
Our results suggest that TERT is a methyltransferase-

regulated gene which may be involved in developmental 
abnormities caused by mutation in met1 methyltransferase 
system.
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Abstract
Objective: Recently, the promising potential of fibroblast transplantation has become a novel modality for skin 
rejuvenation. We investigated the long-term safety and efficacy of autologous fibroblast transplantation for participants 
with mild to severe facial contour deformities.          
Materials and Methods: In this open-label, single-arm phase IIa clinical trial, a total of 57 participants with wrinkles 
(n=37, 132 treatment sites) or acne scars (n=20, 36 treatment sites) who had an evaluator’s assessment score of 
at least 2 out 7 (based on a standard photo-guide scoring) received 3 injections of autologous cultured fibroblasts 
administered at 4-6 week intervals. Efficacy evaluations were performed at 2, 6, 12, and 24 months after the final 
injection based on evaluator and patient’s assessment scores.
Results: Our study showed a mean improvement of 2 scores in the wrinkle and acne scar treatment sites. At sixth 
months after transplantation, 90.1% of the wrinkle sites and 86.1% of the acne scar sites showed at least a one grade 
improvement on evaluator assessments. We also observed at least a 2-grade improvement in 56.1% of the wrinkle 
sites and 63.9% of the acne scar sites. A total of 70.5% of wrinkle sites and 72.2% of acne scar sites were scored as 
good or excellent on patient assessments. The efficacy outcomes remained stable up to 24-month. We did not observe 
any serious adverse events during the study. 
Conclusion: These results have shown that autologous fibroblast transplantation could be a promising remodeling 
modality with long-term corrective ability and minimal adverse events (Registration Number: NCT01115634).     
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Introduction

Fibroblasts are the predominant cells of connective 
tissue that synthetize and organize collagen and other 
extracellular matrix (ECM) proteins. Furthermore, 
Fibroblasts secrete soluble cytokines and growth factors 
such as transforming growth factor-beta (TGF-β), 
keratinocyte growth factor (KGF), vascular endothelial 
growth factor (VEGF), and insulin-like growth factor 
(IGF) to maintain the structural integrity of the skin (1-3).

Skin aging is a complex, multifactorial process defined 
by progressive loss in skin integrity and function (4). The 
size, amount, and potency of fibroblasts chronologically 
decline due to natural cellular and molecular events such 

as reductions in TGF-β, micro-environment alterations, 
and Notch signaling disruption (5-8). Aged-fibroblasts 
secrete higher levels of matrix metalloproteinase that 
degrade collagen fibrils (9). Since a reciprocal mechanical 
force between fibroblasts and collagen fibrils is necessary 
for continuous collagen synthesis, degraded collagen 
fragments cause a breakdown in the tissue cycle (3, 10, 11).

On the other hand, destruction of fibroblasts and 
consequent collagen loss seen in acne scars result from 
a healing defect after local and systemic inflammation. 
This defect leads to destruction of the dermal structures 
with subsequent fibrosis (12, 13). Acne scars occur in 95% 
of acne participants even during standard treatments, in 
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which 30% progress to significant, permanent scarring 
with psychosocial complications (14, 15).

In recent years, the promising potential of autologous 
fibroblast transplantation has become a novel therapeutic 
modality for replacement of damaged fibroblasts. In this 
method, the patient’s retro-auricular area, which has the 
least damage by UV irradiation, underwent small biopsies 
to produce the autologous fibroblast cell line through 
culturing process (16, 17). 

The first autologous fibroblast transplantation was 
performed in 1995, after which additional studies reported 
the potentiality of a minimally invasive and autologous 
rejuvenation method with less complications (16-20). It 
is presumed that transplanted fibroblasts could stimulate 
the resident fibroblasts and repair the collagen synthesis 
system (2, 18, 19, 21).

Previously, we performed a clinical trial of autologous 
fibroblast transplantation in 20 participants with wrinkles 
and acne scars. The results showed its safety and 
feasibility (unpublished data). In the current study, we 
aimed to evaluate the long-term safety and efficacy of 
autologous fibroblast transplantation for participants with 
mild to severe facial contour deformities.

Materials and Methods

Study design
In this open-label, single-arm, and single center clinical 

trial, we assessed the efficacy and safety of autologous 
fibroblast transplantation in wrinkle and acne scar. We 
estimated the sample size using package long power 
according to “Sample Size Calculations for Longitudinal 
Data” by R software (22). In this study, a sample size of 
57 participants achieves 80% minimum power to detect a 
difference using a two-sided binomial test. The powers of 
other primary hypothesis tests were more than 80%.

We obtained three punch biopsies from the retro-
auricular area in each eligible patient and transferred the 
biopsy specimens to the Royan Clean Room in order to 
isolate and cultivate the dermal fibroblasts. After 4 to 5 
weeks, cultured fibroblasts were transferred to the clinic 
and injected into the facial contours of participants over 
three sessions at 4-6 week intervals. At each treatment 
session, we injected 0.1 ml of the cell suspension 
(containing 0.5-1.5×106 cells) into each cm/cm2 of 
the facial contours. Two independent dermatologists 
evaluated and recorded the treatment outcome as well 
as adverse events at 2, 6, 12, and 24 months after the 
third injection. Participants were also asked to assess 
their response to treatment at each follow up visit. 
Furthermore, 5 years after the treatment, we asked the 
participants by phone to rate the efficacy and durability 
of the treatment outcome.

The Institutional Review Board and Ethical Committee 
of Royan Institute (Tehran, Iran) approved this study. The 
study was registered at clinicaltrials.gov as NCT01115634. 

Patient selection
Among 76 participants who referred to the Dermatology 

Clinic of the Royan Institute with wrinkles (49 participants) 
and acne scars (27 participants) from 2011 to 2018, we 
recruited 62 participants to the study based on eligibility 
criteria. We completely explained the treatment process 
to the participants who met the eligibility criteria. The 
enrolled participants signed the informed consent before 
participation to the study.

Wrinkle group
We evaluated the participants’ wrinkles based on a 0-7 

standard photo guide scoring (20) and included those with 
wrinkle score of 2-7 (considered as mild to severe). Other 
eligibility criteria for this group included: 35-65 years of 
age; wrinkles on the forehead, periorbital, glabella and/
or nasolabial fold (NLF); and total treatment site length 
of 10-50 cm.

We did not include participants with history of 
laser treatment, immune-suppressive therapy, retinoid 
derivatives, botulinum toxin or temporary fillers within 6 
months before recruitment to the study; history of organ 
transplantation or blood transfusion; any known cancer; 
known chronic disease; genetic fibroblast or collagen 
production disorder; permanent or semi-permanent fillers; 
allergy to animal collagen or its products; sensitivity to 
local anesthesia; facial plastic surgery or mesotherapy; 
hepatitis B, hepatitis C or human immunodeficiency 
viruses (HIV); and pregnant or lactating. 

Acne scar group
We evaluated the participants’ acne scars based on a 

0-7 standard photo guide scoring (20) and included those 
with acne scar score of 2-7 (considered as mild to severe). 
Other inclusion criteria included: 18-65 years of age; acne 
scars on the cheek, forehead and/or temporal areas; and 
total treatment site surface area of 10-50 cm2. Exclusion 
criteria were the same as the wrinkle group.

Efficacy profile
Efficacy outcomes were based on comparisons of the 

baseline and follow-up evaluator and participants’ assessment 
scores. The evaluators and participants rated each wrinkle or 
acne scar treatment site at the first visit and during follow-
up visits, independent of previous scores. We photographed 
the treatment sites during pre- and post-treatment visits. 
Two independent, trained dermatologists performed the 
assessments based on the standard photo guide scoring. We 
recorded the assessment scores according to the following 
endpoints: "Responders" were defined as number of treatment 
sites that had at least a 2 grade improvement compared to 
the baseline score according to the evaluators’ assessments. 
Furthermore, we defined the severity of facial contours as 
mild (grades 2 and 3), moderate (grades 4 and 5), or severe 
(grades 6 and 7) and then measured the "Responders" of 
each group in wrinkle and acne scar sites. Participants scored 
their treatment sites as: -2 (much worse), -1 (worse), 0 (no 
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difference), +1 (better or good), and +2 (much better or 
excellent) during follow-up visits compared to baseline. We 
considered the 6-month follow-up evaluations as primary 
endpoint based on evaluators assessment scores.

Adverse events 
We prepared a list of probable adverse events before 

transplantation based on 2010 Common Terminology 
Criteria for Adverse Events [CTCAE; (23)]. These criteria 
included local events such as bruising, redness, allergic 
reaction, pruritus, hemorrhage, nodules and tumors, or 
systemic events such as infections or allergic reactions. 
We separately recorded adverse events as well as their 
duration, severity, and treatment plan of action during the 
intervention and follow-up visits 

Sampling and injection technique
The left retro-auricular area was cleaned with isopropyl 

alcohol, followed by administration of 2% xylocaine as a 
local anesthetic. Then, we obtained 3 full-thickness 4-mm 
punch skin biopsies and transferred the specimens to the 
Royan Clean Room. We sutured the biopsy sites and then 
covered them with a sterile dressing.

After isolation and cultivation, the vials that contained 
cultured fibroblasts were transferred to the clinic. We gently 
suspended the vial contents and drew it into 1 ml syringes. 
Before injection, we performed regional blocks via injections 
of anesthetic agent. The treatment sites were cleaned by an 
antiseptic solution. Then, the dermatologist injected 0.1 
ml of the cell suspension into the superficial and middle 
layers of dermis of each cm of the wrinkle sites or cm2 of 
the acne scar sites applying a 30-gauge needle. Blanching 
and wheal formation of the injection site were considered 
as correct injection of the solution. We did not perform any 
manipulation on the recipient sites after injection. Participants 
were avoided the use of chemical soaps or materials to the 
face for 72 hours after injections. We allowed a short period 
of indirect application of ice on the treatment sites in the case 
of long lasting reaction, redness or pain.

Cell preparation
The specimens were transferred in 5 ml transporting 

medium that included Hanks’ balanced salt solution 
(HBSS, Gibco, Germany) and 1% penicillin/streptomycin 
(pen/strep, Gibco, Germany) to the clean room. Then, we 
soaked the skin specimen in 70% ethanol for 30 seconds 
to reduce contamination, washed with HBSS/pen/strep 
twice and cut into 2×2 mm pieces using a surgical scalpel 
blade. We incubated the skin pieces with 1.2 U/ml dispase 
II solution (Gibco, Germany) for 15-18 hours at 4˚C and 
then 0.1% collagenase type I (Sigma, Germany) for 4 
hours at 37˚C. We used a Pasteur pipette to pipette the 
dermis layer in order to release the cells from this layer. 
The isolated cells were cultured in advanced Dulbecco’s 
Modified Eagle Medium: Nutrient Mixture F-12 (DMEM/
F12, Gibco, Germany) with 10% fetal bovine serum (FBS, 
PAA, Austria), 2 mM L-glutamine (Gibco, Germany), 

and 1% pen/strep. Subsequently, we incubated the cells 
at 37˚C in 5% CO2. We changed the cultured medium 
every three days. After 4-5 weeks, we collected passage-3 
cultured cells, which consisted of 95 ± 17×106 cells for 
the wrinkle group and 104 ± 15×106 cells for the acne 
scar group. Next, we divided the cells into three equal 
parts. We injected the first fresh part of the cells into the 
treatment sites. The two remaining aliquots were frozen 
for the later injections. The freezing medium contains 
40% DMEM/F12 (Gibco, Germany) 50% (v/v) FBS and 
10% (v/v) dimethyl sulfoxide (DMSO). The amount of the 
injection volume was calculated as: “0.1 × total length or 
surface of treatment sites”, in which each ml of injection 
solution contained 5-15×106 cells. Before transplantation, 
we assessed the cells for any microbial contamination 
according to sterility, mycoplasma, and endotoxin tests.

Immunofluorescence staining 
We fixed the cultured fibroblasts with 4% freshly buffered 

paraformaldehyde, washed with phosphate buffered saline 
without Ca2+ and Mg2+ (PBS-), and incubated with 10% goat 
serum, followed by incubation with primary antibody mouse 
anti-vimentin (Millipore, MAB1687, 1:100) and anti-collagen 
type 1 (Abcam, ab90395, 1:50). Then, we washed the cells 
with PBS- and incubated with Donkey anti mouse Alexa 546 
(Invitrogen, USA), and anti-mouse IgG (Sigma, USA) for 60 
minutes at room temperature. Nuclei were counter-stained 
with 5 μg/ml of 4’, 6-diamidino-2-phenylindole (DAPI) and 
analyzed by fluorescent microscopy (Nikon, Japan). 

Karyotyping
After the cells reached 70% confluence, we added 

KaryoMAX® Colcemid™ Solution in PBS-10 µg/ml (Gibco, 
USA) to each flask to a final dilution of 25 µl/ml, which was 
then incubated at 37˚C for 45 minutes. We monitored the 
changes in cell morphology with an inverted microscope 
until the fibroblasts detached. For hypotonic treatment, we 
slowly and carefully added 13 ml of 0.056% KCl (Merck, 
Germany) with distilled water, followed by incubation at 
37˚C for 11 minutes, and fixed with methanol: acetic acid 
(3:1) solution. In order to obtain G-bands, we aged the slides 
at 60˚C overnight. We carried out the staining procedure using 
Giemsa solution 1:10 (Gibco, USA). Whenever possible, we 
analysed 15 metaphases. Before printing out each karyotype 
and counting each chromosome by writing a number on each 
sister chromatid pair, we observed the slides under a light 
microscope at ×10 and ×100 magnifications.

Statistical analysis
We evaluated the normal distribution of the variables by 

the Kolmogorov-Smirnov test. We analyzed the normal 
continuous and non-normal variables with the paired t, 
Mann-Whitney U, and Kruskal-Wallis tests. We utilized the 
Spearman and Pearson correlation coefficients to analyze the 
correlation between variables. We performed the repeated 
measurement model for groups with related dependent 
variables that represented different measurements of the same 
attribute. Values have been expressed as mean ± SD. The 
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level of statistical significance was set at 0.05. We performed 
the statistical analysis using SPSS version 20 software (SPSS 
Inc., Chicago, IL, USA).

Results
Participants 
Wrinkle group

A total of 49 subjects with contour deformities reffered 
to the clinic. Table 1 shows the subjects’ baseline 
characteristics. Eight participants were excluded from 
the study because of the eligibility criteria or refusal 
to participate. The remaining 41 participants received 
autologous cultured fibroblasts. During the follow-up 
period, 4 participants could not attend the 2- and 6-month 
follow-up visits and were considered lost to follow-up. 
Therefore, we analyzed data of 37 participants who had 
at least 2- and 6-month follow-up visits. We followed 
20 participants for 12 months, and 13 participants for 24 
months after treatment (Fig.1, Table 1). 

Participants had a mean age of 47 ± 7 years. There were 
33 (89.1%) females. Among 132 treatment sites, there 
were 43 mild, 43 moderate, and 46 severe wrinkles. The 
average length of the treatment sites was 40 ± 7 cm (range: 
11-47 cm). We transplanted an average of 95 ± 17×106 
cells during 3 sessions. The mean number of transplanted 
cells into each treatment site was 0.8 ± 0.3×106 cells/cm.

Acne scar group
There were 27 subjects who referred to the clinic from 

which 6 participants either did not meet the inclusion criteria 
or declined to participate. A total of 21 participants received 
the study treatment. One participant was lost to follow-up. 
We analyzed the data from 20 participants who had at least 2 
and 6 months of follow-up. There were 11 participants seen at 
the 12-month follow-up and we followed 4 participants until 
24 months after treatment (Fig.1, Table 1).

Participants had a mean age of 32 ± 9 years. There were 
15 (75%) female participants. Among 36 acne scar sites, 
there were 5 mild, 16 moderate, and 15 severe acne scars. 
We transplanted an average of 104 ± 15×106 cells into the 
treatment sites. The sites had an average surface area of 
31 ± 6 cm2 (20-44 cm2). The mean number of transplanted 
cells into each treatment site was 1.1 ± 0.3×106 cells/cm2.

Efficacy outcomes
Wrinkle group

The median baseline grade in wrinkle sites was 5 that 
decreased to 3 at 6 months after treatment, based on 
evaluator’s assessments. Moreover, we observed that at 12 
and 24 months following transplantation, this score decreased 
to 2. At 2-month follow-up, average response rates of the 
treatment sites in comparison with baseline grades were: 
glabella 1.7 ± 1.3, periorbital 1.5 ± 1.1, NLF 1.4 ± 0.9, and 
forehead 1.5 ± 1 (P<0.001). At 6 months after transplantation, 
the response rates were: glabella 2 ± 1.5, periorbital 2 ± 1.3, 
NLF 2 ± 1.2, and forehead 1.7 ± 1.1 (P<0.001). The mean 

response rates for all 132 wrinkle sites at the 2- and 6- month 
follow-up visits were 1.5 ± 1.1 and 2 ± 1.2, respectively.

We observed that at 6 months following transplantation, 
the responder sites included: 18 (51.4%) for the glabella, 
21 (60%) for the periorbital, 18 (64.3%) for the NLF, and 
18 (52.9%) for the forehead. Among 132 wrinkle sites, 75 
(56.8%) sites were responders. Our assessments 6 months 
after transplantation showed that 120 (90.1%) sites of the 
132 wrinkle sites improved at least one grade.

Participants did not rate any of the treatment sites as -2 
(much worse) or -1 (worse) after 2 and 6 months of follow-
up. Self-assessment scores of +1 (good) or +2 (excellent) 
were reported at the 2- and 6- month follow-up visits as 
follows: 68.5% and 77.1% (glabella), 67.6% and 71.4% 
(periorbital), 67.8% and 71.4% (NLF), 52.9% and 61.8% 
(forehead), and 63.6% and 70.5% for all of the 132 wrinkle 
treatment sites. Table 2 and Figure 2 show the efficacy 
outcomes. Furthermore, participants met the 12- and 24- 
month follow-up visits showed sustained efficacy based on 
evaluator and self-assessment scores (Figs. 2, 3). At 5-year 
follow up, 22 participants were accessible through telephone 
contact. The participants scored the treatment sites as 
+1 (good) or +2 (excellent) in 64.3% of glabella, 75% of 
periorbital, 83.3% of NLF, 42.8% of forehead, and 65.2% of 
the total 69 wrinkle treatment sites.

Table 1: Baseline characteristics of the subjects

Characteristics Wrinkle group Acne scar group
n=37 n=20

Age (Y) (range) 47 ± 7 (35-62) 32 ± 9 (18-45)

Female 33 (89.1) 15 (75)

Sun protection 30 (81.1) 8 (40)

Smoking 8 (21.6) 1 (5)

Previous intervention

Laser 10 (27) 12 (60)

Botulinum toxin 19 (51.3) -

Filler injection 7 (18.9) 0

Microderm 0 10 (50)

No intervention 12 (32.4) 4 (20)

Treatment sites*

Glabella 35 (4.1 ± 1.8, 4) -

Periorbital 35 (4.9 ± 1.9, 5) -

NLF 28 (5.2 ± 1.4, 5) -

Forehead 34 (4.4 ± 1.8, 4) 9 (4.3 ± 1.1, 5)

Temporal - 7 (5.0 ± 1.6, 5)

Cheek - 20 (5.7 ± 1.1, 6)

Total sites 132 (4.6 ± 1.7, 5) 36 (5.2 ± 1.2, 5)

Data are presented mean ± SD or n (%). *; n (baseline grade; mean ± SD, 
median) and NLF; Nasolabial fold.



Cell J, Vol 22, No 1, April-June (Spring) 202079

Bajouri et al.

Fig.1: Study design and timeline. A. Study design for wrinkle participants, B. Study design for acne scar participants, and C. Study events and timeline. 
Eligible participants underwent three autologous cultured fibroblast injections. Efficacy data are based on comparisons of the baseline and follow-up 
evaluator and patient’s assessment scores.

Table 2: Six-month follow-up evaluation of subjects

Assessment Wrinkle group Acne scar group 

n=37 n=20

Glabella Periorbital NLF Forehead Total site Forehead Temporal Cheek Total sites

n=35 n=35 n=28 n=34 n=132 n=9 n=7 n=20 n=36

Evaluator’s assessment score, median 
(range)

2 (0-6) 2 (1-6) 3 (1-6) 3 (1-6) 3 (0-6) 3 (2-5) 2 (1-7) 3 (1-7) 3 (1-7)

Respondersa (%) 18 (51.4) 21 (60) 18 (64.3) 18 (52.9) 75 (56.8) 4 (44.4) 4 (57.1) 15 (75) 23 (63.9)

≥1 grade improvement (%) 32 (91.4) 32 (91.4) 25 (89.3) 31 (91.2) 120 (90.1) 7 (77.8) 6 (85.7) 18 (90) 31 (86.1)

Self-assessment score of +1 or +2 (%)b 27 (77.1) 25 (71.4) 20 (71.4) 21 (61.8) 93 (70.5) 5 (55.5) 6 (85.7) 15 (75) 26 (72.2)

a; At least 2-grade improvement by evaluator’s assessment, b; Impression of good or excellent by self-assessment, and NLF; Nasolabial fold.

A B
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Fig.2: Efficacy outcomes. A. Evaluator’s assessment score of the total sites in participants with wrinkles. Numbers are median, B. Evaluator’s assessment score of the 
total sites in participants with acne scars. Numbers are median, C. The percentages of participants with wrinkles with a 2-point improvement based on the evaluator 
assessment, D. The percentages of participants with acne scars with a 2-point improvement based on the evaluator assessment, E. Participants’ self-assessment 
scores of the total sites in participants with wrinkles, and F. Participants’ self-assessment scores of the total sites in participants with acne scars. *; P<0.05. 0; No 
difference, 1; Better or good, and 2; Much better or excellent.

We observed that at 6 months following transplantation, the 
responder sites of the participants who were less and more 
than 45 years old were: glabella (28.5 and 66.6%), periorbital 
(42.8 and 71.4%), NLF (33.3 and 78.9%), and forehead (38.4 
and 61.9%), respectively. Additionally, 2 grade improvements 
were seen in 60.5 and 86.9% of moderate and severe versus 
20.9% of mild wrinkle sites (P<0.05). 

Participants which had a history of botulinum toxin in 
forehead and glabella sites showed non-significant better 
results after fibroblast transplantation compared to the 
participants without history of botulinum toxin injection 
(P=0.16 and P=0.19). Also, participants which had a history 
of laser therapy on NLF sites showed a mean response rate 
of 2.5 ± 1.1 versus 1.7 ± 1.2 in participants without history 
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of laser therapy (P=0.12). Participants used to smoke did not 
show significant difference on response rates compared to 
non-smoker participants (P=0.98).

Fig.3: Participants underwent autologous cultured fibroblast transplanta-
tion before and after treatment.

Acne scar group
The median baseline grade in acne scar sites was 5 

that decreased to 3 at 6 months after treatment, based on 
evaluator’s assessments. Moreover, we observed that at 24 
month following transplantation, this score decreased to 2. 

Average response rates of treatment sites in comparison with 
baseline grades at the 2-month follow-up were: 2.1 ± 1.1 
(cheek), 1.9 ± 1.3 (temporal), 1.1 ± 0.9 (forehead), and 1.8 ± 
1.3 for all 36 acne scar sites (P<0.001). The 6-month response 
rates were: 2.2 ± 1.2 (cheek), 2 ± 1.4 (temporal), 1.4 ± 1.1 
(forehead), and 2 ± 1.2 for all 36 acne scar sites (P<0.001, 
Figs.2, 3).

The evaluators noted that 15 (75%) sites in the cheek, 4 
(57.1%) in the temporal area, 4 (44.4%) from the forehead, 
and 23 (63.9%) out of the total 36 acne scar sites were 
responders at 6 months follow-up. However, 31 (86.1%) of 
all acne scar sites had at least a one grade improvement.

Participants scored +1 or +2 (good or excellent) for the 
following sites at the 2- and 6- month follow-up visits: 
forehead (55.5 and 55.5%), cheek (75 and 75%), and 
temporal (71.4 and 85.7%). At 2- and 6- month after final 
transplantation, a total of 69.4 and 72.2% of all 36 acne scar 
sites scored +1 or +2, respectively (Fig.2). As seen in Table 2, 
participants did not rate any of the treatment sites as -2 (much 
worse) or -1 (worse). Furthermore, participants met the 12- 
and 24- month follow-up visits showed sustained efficacy 
based on evaluator and self-assessment scores (Figs.2, 3). At 
5-year follow up, 10 participants were accessible and 30% of 
the participants declared the durability of the treatment on the 
acne scar sites. 

At 6 month following transplantation, 2 grade improvements 
were seen in 68.7 and 73.3% of moderate and severe versus 
20% of mild wrinkle sites (P<0.05). Additionally, participants 
which had a history of laser therapy or microderm abrasion 
on cheek site showed a similar response rate compared to the 
participants without such history (P=1).

Adverse events
All participants experienced temporary, mild burning 

during and 1-2 hours after transplantation. A total of 
3 participants with acne scars and 8 with wrinkles 
complained of mild to moderate adverse events that 
included bruising and redness. Of these, 9 reported that 
the adverse events spontaneously resolved after 24-48 
hours. However, bruising in 2 scar participants lasted for 
4-5 days which resolved following the application of ice 
and oral NSAID administration. We observed no major or 
systemic adverse events during the 24 months of follow-
up evaluations.

Cell characteristics
After 4-5 weeks, we collected passage-3 fibroblasts. 

The fibroblasts showed a spindle-shaped morphology in 
the culture (Fig.4A). Our data indicated that cell viability 
at the first transplantation was 97.8 ± 3.5%, whereas the 
second injection had cell viability of 92.8 ± 12.2% and 
93.3 ± 10.1% for the third injection. Immunostaining of 
cultured fibroblasts showed high-level expressions of 
vimentin and collagen type 1 (Fig.4B, C). We assessed 
karyotypes of passage-3 fibroblasts for genomic stability. 
There were normal 45XX and 45XY karyotypes in all 
participants with no evidence of any abnormality (Fig.4D).
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Fig.4: Characteristics of cultured fibroblasts. A. Phase-contrast microscopy of fibroblasts shows spindle and elongated cells after cultivation (scale bar: 50 
µm). Representative fluorescent staining shows: B. Vimentin (scale bar: 100 µm), C. Collagen type I expression in cultured fibroblast cells (scale bar: 100 
µm). Nuclear stained by DAPI (blue), and D. Karyogram of cultured fibroblasts indicates no abnormality in third passage.

Discussion
During the past two decades, many biodegradable 

and non-biodegradable dermal filler substances such as 
collagen, hyaluronic acid, and fat grafting have been 
introduced for reducing facial contour deformities. 
However, these approaches do not result in durable 
effects, and are associated with short- and long-term 
adverse events such as local or systemic infections, 
injection site abscesses, hypersensivity, nodules, tissue 
necrosis, and immune reactions. Recently, injection of 
permanent synthetic fillers for soft tissue augmentation 
has become common. However, a growing amount of 
literature has described complications following injection 
of permanent filling agents such as indurations, infections 
and inflammations, abscesses, and delayed granulomas 
(9, 24). 

Recent efforts led to the introduction of autologous 
fibroblast transplantation as a natural corrective approach 
with fewer adverse events and longer efficacy. The studies 
have reported a mean improvement of 2 scores based on 
clinical scorings and responder rates of 30-82.2% (16, 

17, 19, 20). Investigations on safety and efficacy of this 
modality has led to FDA approval of autologous fibroblast 
applications for nasolabial wrinkles (25). Our study also 
showed a mean improvement of 2 scores in the wrinkle 
and acne scar treatment sites at the 6-month follow up, 
which remained stable for a mean time of 24 months. Our 
results have revealed that responder rates of 56.8% for 
the wrinkle group and 63.9% for the acne scar group. The 
higher efficacy rate in the acne scar group agreed with 
similar studies and demonstrated that participants with 
acne scars experienced greater benefits from fibroblast 
transplantation (16). This could be attributed to subcision-
like effect of the injection procedure, which is a common 
treatment for acne scars. 

In the present study, 70.5% of participants with 
wrinkles and 83.3% of participants with acne scars 
expressed satisfaction with the clinical results at the 
6-month follow up. There was an upward trend observed 
in the scores reported by participants during the follow 
up visits, so that all participants assessed the effect of 
fibroblast transplantation as 'good' or 'excellent' at the 
24-month follow up. This prolonged efficacy might be 
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attributed to previous observation of live and bioactive 
fibroblasts in the recipient area up to 12 months after 
transplantation (17, 26). However, participants with acne 
scar reported a decrease in the self-assessment score from 
72.2% at 1-year to 30% at 5-year post transplantation, and 
participants with wrinkle declared a milder decrease in 
the primary achieved outcome, from 70.5% at 1-year to 
65.2% at 5-year post transplantation.

It is presumed that the efficacy rate of fibroblast 
transplantation may be affected by several variables, 
which include treatment location, treatment site severity, 
patient’s age, and treatment protocol. Here, we have 
observed a lower response rate in the forehead area of 
both wrinkle and acne scar groups. A higher response 
rate was seen in the cheek area of participants with acne 
scars, whereas we did not detect any remarkable higher 
response rates in the different wrinkle treatment sites. 
However, West and Alster (27) previously reported a 
higher efficacy of fibroblast transplantation in NLFs 
compared to lip and glabella wrinkles. In this study, we 
observed that moderate to severe treatment sites showed 
higher efficacy rate compared to the mild sites. We did 
not observe any significant correlation between age and 
final outcome, however, participants aged more than 45 
years old showed more responder sites compared to the 
younger participants. Previously, two studies showed 
similar culture characteristics between aged and young 
fibroblasts (17, 28). However, two studies previously 
demonstrated lower responses in fibroblast transplantation 
for older participants (18, 29).

Regards to the treatment dosage, we injected 0.5-
1.5×106 fibroblasts per cm or cm2 of the treatment sites 
in each session depends on the sites’ length or area. 
Previously, Weiss et al. (20) injected 2×106 fibroblasts 
per cm or cm2 of wrinkles or acne scars in each session. 
Later, the study that evaluated the efficacy of autologous 
fibroblasts for wrinkles, amounts of 1-2×106 cells/ cm 
were administered to the treatment sites (19). However, 
Zorin et al. (17) who evaluated the effects of fibroblast 
therapy in wrinkle, administered 0.7×106 of cells per 
cm of treatment sites. Dose finding studies would be 
necessary to define the optimum cell dose in fibroblast 
transplantation for contour deformities.

Previous studies indicated that cultured fibroblasts from 
passages 5, 10, or higher maintain their genomic stability 
with no mutations or translocations in the cultivation 
process. However, greater proliferation capacity and 
higher secretion bioactivity were observed in fibroblasts 
of passages 3 or 4 (30, 31). Therefore, we injected 
passage-3 fibroblasts and evaluated the cells according 
to biosynthetic activity and karyotype normality before 
transplantation. In our study, we did not observe any 
serious adverse events over 24 months of follow up, with 
the exception of temporary, mild reactions that resolved 
within a few days after transplantation.

Some limitations to the study presented here need 
to be declared. First, there is no control group in our 

trial. Second, our results are based on semi-objective 
assessments.

Conclusion
Our study demonstrated that autologous fibroblast 

transplantation could be a promising remodeling 
modality, especially for moderate to severe facial contour 
deformities in terms of long-term corrective ability with 
no adverse effects. These results are encouraging to 
conduct large randomized clinical trials to optimize the 
treatment protocol.
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Abstract
Objective: Precise identification of dermatophyte species significantly improves treatment and controls measures of 
dermatophytosis in human and animals. This study was designed to evaluate molecular tools effectiveness of the gene 
sequencing and DNA-based fragment polymorphism analysis for accurate identification and differentiation of closely-
related dermatophyte species isolated from clinical cases of dermatophytosis and their antifungal susceptibility to the 
current antifungal agents.         
Materials and Methods: In this experimental study, a total of 95 skin samples were inoculated into mycobiotic agar for 
two weeks at 28˚C. Morphological characteristics of the isolated dermatophytes were evaluated. DNA was extracted 
from the fungal culture for amplification of topoisomerase II gene fragments and polymerase chain reaction (PCR) 
products were digested by Hinf I enzyme. Internal transcribed spacer (ITS) rDNA and TEF-1α regions of the all isolates 
were amplified using the primers of ITS1/4 and EF-DermF/EF-DermR, respectively. 
Results: Based on the morphological criteria, 24, 24, 24 and 23 isolates were identified as T. rubrum, T. interdigitale, 
T. tonsurans and E. floccosum, respectively. PCR-restriction fragment length polymorphism (RFLP) results provided 
identification pattern of the isolates for T. rubrum (19 isolates), T. tonsurans (28 isolates), T. interdigitale (26 isolates) 
and E. floccosum (22 isolates). Concatenated dataset results were similar in PCR-RFLP, except six T. interdigitale 
isolates belonging to T. mentagrophytes.  
Conclusion: Our results clearly indicated that conventional morphology and PCR-RFLP were not able to precisely 
identify all dermatophyte species and differentiation of closely related species like T. interdigitale and T. mentagrophytes, 
while ITS rDNA and TEF-1α gene sequence analyses provided accurate identification of all isolates at the genus and 
species level.      

Keywords: Dermatophytes, Gene Sequencing, Polymerase Chain Reaction-Restriction Fragment Length 
Polymorphism, Topoisomerase II
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Introduction
Dermatophytosis is a superficial fungal infection caused 

by dermatophytes, affecting nearly 20% of the population 
worldwide, as a public health problem (1, 2). Previous studies 
revealed a significant increase in dermatophyte infections 
(3, 4). Over 40 species of dermatophytes were assigned to 
three genera, including Trichophyton, Epidermophyton and 
Microsporum (2, 5). All three groups can infect humans 
via direct or indirect contact (5). Ordinarily, dermatophyte 
species like T. interdigitale, T. rubrum, T. tonsurans and E. 
floccosum are major etiologic agents of dermatophytosis in 
Iran (6-9). Communicating epidemiological statistics of these 
dermatophytes is greatly impeded, since taxonomic schemes 
are constantly changing. For example, it has recently been 
revealed that the previous T. mentagrophytes complex is 
composed of four new species: i. Zoophilic T. Mentagrophytes 
sensustricto, ii. Zoophilic T. erinacei, iii. Trichophyton 
anamorph of A. benhamiae (zoophilic), and iv. Zoophilic and 
anthropophilic strains of T. interdigitale (10, 11). Based on the 
latest classification, anthropophilic T. mentagrophytes should 
now be relabelled as T. interdigitale (12, 13). Regarding 

morphological similarity among the dermatophytes spp., 
epidemiology variation of dermatophytes and emerging new 
pathogens, it is necessary to identify isolates at the species 
level (3, 7, 8). 

Dermatophytosis is routinely identified by direct 
examination and culture (14). The phenotypic features 
depend on many variables such as the slow growth rate, 
temperature variation, prior therapy and production of spores 
(2, 7, 15). In addition, the clinical signs of dermatophytosis 
are often atypical in immunocompromised hosts (7). 
Moreover, routine procedures are either slow or nonspecific 
(6, 15, 16), and requires training of personnel and supervisory 
expertise (17, 18). Furthermore, phenotypic methods fail 
to closely discriminate the related species. Developing 
molecular methods provided more accurate and rapid results 
for differentiating species of dermatophytes. Polymerase 
chain reaction (PCR) and DNA fragments sequencing of 
the internal transcribed spacer (ITS) regions, 18S rDNA, 
translation elongation factor1-α (TEF-1α), restriction 
fragment length polymorphism analysis (RFLP), nested 
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PCR, repetitive sequence PCR (rep-PCR), arbitrarily primed-
PCR (AP-PCR) and real-time PCR are some examples 
of these methods (15, 17, 19-25). At present, sequence 
of the ITS region is considered as the gold standard for 
dermatophyte analyses (14, 26). TEF-1α gene was considered 
as an alternative to rDNA showing high level of variation rate 
among the species (25). The results obtained by previous 
studies suggest that PCR-RFLP assay is more efficient and 
convenient for fungal diagnosis. PCR-RFLP studies targeting 
the ITS rDNA have shown that it is a reliable method for 
identification of dermatophytes at the species level (27-
29). It has been reported that DNA topoisomerase II gene 
is useful as a target for the study of different fungal species 
(26). Despite various studies about the significance of species 
identification in dermatophytes, to the best of our knowledge, 
limited data has been published on the precise differentiation 
of dermatophytes spp. by combination of the ITS and TEF-
1α sequences and topoisomerase II PCR-RFLP approach. 
The present study was evaluated the effectiveness of gene 
sequencing and DNA-based fragment polymorphism analysis 
molecular tools for accurate identification and differentiation 
of closely-related dermatophyte species isolated from clinical 
cases of dermatophytosis and their antifungal sensitivity to 
the current antifungal agents.

Materials and Methods 
Specimens and conventional assays

In this experimental study, a total of 95 hair and skin 
samples, from patients suspected to dermatophytosis, 
were received for routine examination at Department 
of Mycology of Pasteur Institute (Iran). This study was 
approved by Ethical Committee of Pasteur Institute of Iran 
(Code No. IR.PII.REC.1397.021). Patients were informed 
of the procedure. Direct microscopy examination of the 
samples was performed using 10% potassium hydroxide 
and the samples were cultured on mycobiotic agar (Merck, 
Germany) plates to facilitate growth of the dermatophytes. 
The plates were incubated at 30˚C for 4 weeks. All fungal 
isolates were identified by analysis of the morphological 
characteristics (typical macro/microscopic characters of the 
colonies, and additional tests like hair perforation or urease 
tests). The dermatophyte strains including T. tonsurans, T. 
interdigitale, E. floccosum and T. rubrum were identified by 
morphological characterization. In addition, standard strains 
of T. rubrum (PFCC 51431), T. mentagrophytes (PTCC 
5054), T. tonsurans (CBS 130924) and E. floccosum (CBS 
767.73) were included in the study. The dermatophyte strains 
were then cultured and identified by analysis of the molecular 
methods. To validate standard strains at species level based 
on the latest classification, all strains were sequenced.

Molecular identification and differentiation of 
dermatophyte species
DNA extraction

All clinical and standard strains were cultured on mycobiotic 
agar (Merck, Germany) and incubated at 28˚C for two weeks. 
A fungal colony was cut from the agar plate with a scalpel, 
transferred to a mortar and grounded in liquid nitrogen. Then, 

using the phenol-chloroform-isoamyl alcohol chemicals, 
DNA was extracted according to Makimura et al. (26). 

PCR-RFLP assay targeting the topoisomerase II
The PCR was performed using a Taq DNA Polymerase 

Master Mix, with topoisomerase II primer (dPsD2) 
dDPF2: 
5´-GTYTGGAAYAAYGGYCGYGGTATTCC-3´ and 
dDPR2: 
5´-AAVCCGCGGAACCAKGGCTTCATKGG-3´. 

PCR program was performed by the following cycle 
conditions: an initial denaturation at 95˚C for 5 minutes, 
followed by 30 cycles of 95˚C for 30 seconds, 63˚C for 
15 seconds, and 72˚C for 120 seconds, followed by a final 
extension at 72˚C for 5 minutes (19). The PCR products 
with ~2380 bp length were purified using a Min Elute 
PCR Purification kit (Qiagen, USA).

Restriction fragment length polymorphism analysis of 
the amplified topoisomerase II

Digestion of all reactions were performed in 15 μl mixture 
volume containing 2 μl of 10× buffer (Fermentas, USA), 2 μl 
of each enzyme, 10 μl purified PCR products and sufficient 
amount of ultrapure water to approach final volume. Digestion 
was performed using Hinf I reaction enzyme (Fermentas, 
USA) at 37˚C for 8-10 hours (18). PCR amplicons and 
restriction enzyme digestion products were loaded in 2.5% 
(w⁄v) agarose gels in the presence of a GelRed stain (Biotium 
Inc., USA) (0.5 µg/ml), while a 100 bp DNA molecular size 
marker (Fermentas, USA) was used, and the sample were run  
at 90 V/Cm for 90 minutes.

Internal transcribed spacer and TEF-1α region 
amplifications by PCR

For each sample, the TEF-1α and ITS regions were 
amplified using the specific primers 

EF-Derm
F: 5´-CACATTAACTTGGTCGTTATCG-3´ and 
R: 5´-CATCCTTGGAGATACCAGC-3´, as well as 
ITS1: 5´- TCCGTAGGTGAACCTGCGG-3´ and 
ITS4: 5´-TCCTCCGCTTATTGATATGC-3´. 

The reaction PCRs were consisted of initially 
denaturation at 95˚C for 5 minutes, followed by 30 cycles 
of 94˚C for 30 seconds, 58˚C for 30 seconds and 72˚C or 
45 seconds, followed by a final extension step at 72˚C for 
5 minutes (25, 30).

Sequencing
Purified PCR product was sequenced using the ABI 

PRISM BigDye Terminator Cycle Sequencing Ready 
Reaction Kit (Applied Biosystems, USA).

Phylogenetic analysis
The best-fit model of molecular evolution was estimated 

in jModelTest 2.1.10 (31). Sequences of the two loci of each 
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isolate were combined for phylogenetic analyses with PAUP 
version 4.0b109 (32). The program MrBayes version 3.2 (33), 
run on the CIPRES Science Gateway (34). Two simultaneous 
analyses with eight Metropolis-coupled Markov chain 
Monte Carlo (MCMC) chains with incremental heating 
of 0.2 were run for 20 million generations, sampled every 
1000 generations. We verified the convergence of parameter 
estimates and the effective sample sizes were > 200bp for all 
parameters using Tracer version 1.6 (35).

Antifungal drug susceptibility testing
Terbinafine, griseofulvin and ketoconazole (Sigma-

Aldrich, USA) were prepared in dimethyl sulfoxide (DMSO). 
Final concentration of drugs, fungal spore suspensions, were 
prepared in the standard RPMI 1640 medium (Sigma-Aldrich, 
USA) buffered to pH=7.0 with 0.165 mol/l 3-(N-morpholino) 
propanesulfonic acid (MOPS) with L-glutamine (Sigma-
Aldrich, USA), with no bicarbonate, in 96-well round bottom 
microplates according to CLSI M38-A2 broth microdilution 
protocol (36). All tests were performed in triplicate. The 
inoculated microplates were incubated at 35˚C and visually 
assessed for fungal growth after four days incubation. The 
minimum inhibitory concentration (MIC) was defined as the 
point at which the growth of dermatophyte was inhibited by 
80% for three antifungals, in comparison with the control. 
T. rubrum (PTCC 5143) and C. parapsilosis (ATCC 22019) 
were used as quality controls. MIC range, as geometric mean, 
was provided for all of the tested isolates.

Results
Identification of dermatophyte species using 
conventional assays

Morphological identification of isolated dermatophytes 
by using a combination of macroscopic (colony 
morphology, texture and color) and microscopic (hyphae 
structure, shape of macroconidia and microconidia) 
features showed that all the isolates were distributed in 
four species including T. rubrum (n=24), T. tonsurans 
(n=24), T. interdigitale (n=24) and E. floccosum (n=23).

Identification of the dermatophyte species by PCR- 
RFLP

The genomic DNAs were amplified with dPsD2 and 
generated a 2380 bp band. Amplification profile of the 
products were also identified for all 99 strains. The sizes 
were expected from the region amplified by dPsD2 and 
the restriction enzyme digestion with Hinf I (Table 1) was 
obtained from the website NEB cutter (http://tools.neb.com/
NEBcutter). The PCR products were digested with Hinf I. The 
banding patterns obtained by the PCR-RFLP are shown in 
Figure 1. After amplification of genomic DNAs using dPsD2, 
the expected size was generated for all isolates. Differences 
between the fragments with less than 20 bp differences 
was not showed; therefore, there was overlap in the bands 
70 bp and 67 bp in T. tonsurans as well as two distinctive 
bands (255 bp and 260 bp) and (178 bp and 186bp) in E. 
floccosum. All specimens were identified at the species 
level by the unique banding pattern specified to each 
species. All of the banding patterns for each species were 

coincided with its standard strains. PCR-RFLP results 
provided identification pattern of the isolates as T. rubrum 
(n=19), T. tonsurans (n=28), T. interdigitale (n=26) and E. 
floccosum (n=22). 

 Table 1: The expected sizes of DNA fragments generated by enzymatic
digestion of Hinf I

Dermatophyte species (no.) DNA fragment (bp)

T. interdigitale (27) 1209, 482, 233, 166, 137, 95, 58

T. rubrum (20) 1267, 482, 370, 262

T. tonsurans (29) 1209, 482, 233, 166, 95, 70, 67, 58

E. floccosum (23) 954, 482, 260, 255, 186, 178, 58

Fig.1: Polymerase chain reaction-restriction fragment length polymorphism 
(PCR-RFLP) electrophoretic patterns of dermatophytes species by amplification 
of topoisomerase II gene and digestion of the Hinf I enzyme. Lane M; 100 bp 
DNA ladder, Lane 1; T. tonsurans, Lane 2;  T. tonsurans (CBS 130924), Lane 3; 
T. interdigitale, Lane 4; T. mentagrophytes, Lane 5; T. rubrum, Lane 6; T. rubrum 
(PFCC 51431), Lane 7; E. floccosum, and Lane 8; E. floccosum (CBS 767.73).

Identification of dermatophyte species by PCR 
sequencing

In the present study, all dermatophytes spp. (clinical and 
standard strains) were identified based on ITS sequencing. 
ITS and TEF-1α sequences of the isolates were aligned 
using ClustalW as implemented in MEGA7.0.21 software 
and edited manually to improve the alignment accuracy. 
The query sequences were paired with those in the 
GenBank database, using the Blastn analysis. On the basis 
of sequencing results, the dermatophyte isolates included 
T. rubrum (n=20), T. tonsurans (n=29), T. interdigitale 
(n=21), T. mentagrophytes (n=6) and E. floccosum (n=23). 
The ITS/TEF-1α sequence interpretations revealed that 
six isolates were identified as T. interdigitale, in contrary 
of PCR-RFLP results that showed T. interdigitale and T. 
mentagrophytes is categorized in same species. 

A consensus tree belonging to the ITS and TEF-1α 
fragment was constructed for all species discussed in 
this study (Fig.2). Four clades were distinguishable. 
Furthermore, T. mentagrophytes and T. interdigitale 
were placed in the distinctive clusters. The dendrogram 
describes the relationships between all of the studied 
isolates. Isolates belonging to any species were clustered 
with a high support (more than 60%) in separate clades.
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Fig.2: Bayesian tree based on the combined dataset. Phylogenetic 
analysis of the combined dataset with TIM2+G model of the 95 clinical 
isolates, four standard strains and Fusarium, as the out-group. Posterior 
probabilities more than 60% are given for the appropriate clades.

Molecular versus conventional method of species 
identification 

Table 2 shows the results of conventional method of 
species identification and PCR-RFLP. The results of 
identification of dermatophyte spp. using PCR-RFLP were 
confirmed by sequencing of the ITS and TEF-1α regions. 
PCR-RFLP showed an increase in the identification rate 
compared to the conventional method. Analysis dataset of 
ITS and TEF-1α indicated that six isolates belonged to T. 
mentagrophytes and 21 isolates belonged T. interdigitale, 
while topoisomerase II PCR-RFLP failed to discriminate 
them. Interestingly, a complete overlap was observed 
between both methods in the case of remaining isolates.

Sensitivity of the molecular method was more than 
sensitivity of the conventional method. The results indicated 
that 86.4% of dermatophyte spp. identified by the conventional 
method was also confirmed by the molecular method. The 
specificity and sensitivity of sequencing method were found 
to be approximately 100%. Utilizing molecular method 
demonstrated that six out of the 24 isolates, identified as T. 
rubrum by conventional method, belonged to another genus 
and species including, T. interdigitale (n=4), E. floccosum 
(n=1) and T. tonsurans (n=1), using molecular method. Among 
the 24 strains identified as T. interdigitale by morphological 
examination, four strains had also been recognized as T. 
tonsurans (n=2), E. floccosum (n=1), and T. rubrum (n=1) 
by molecular methods. Three of 23 isolates which were 
identified as E. floccosum, by morphological examination 
were re-identified and confirmed as T. interdigitale (n=2) and 
T. tonsurans (n=1) by molecular characteristics.

Antifungal drug sensitivity of dermatophyte isolates

The MIC range and geometric mean were obtained for the 
all dermatophyte species (Table 3). A significant sensitivity to 
terbinafine was reported in T. tonsurans. The most sensitive 
and resistant species to griseofulvin were T. interdigitale and 
E. floccosum, respectively. Terbinafine and griseofulvin had 
the lowest and the highest geometric mean MICs, which were 
respectively 0.01 and 1.64 μg/ml for T. interdigitale and E. 
floccosum. Terbinafine was the most effective antifungal drug 
against all dermatophyte species. 

 Table 2: Identification of dermatophytes based on morphological and
molecular methods

Dermatophytes spp.                            Morphological identification

T. interdigitale T. rubrum T. tonsurans E. floccosum

T. interdigitale (n=26) 20 4 - 2

T. rubrum (n=19) 1 18 - -

T. tonsurans (n=28) 2 1 24 1

E. floccosum (n=22) 1 1 - 20

Total 24 24 24 23
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Table 3: In vitro antifungal susceptibility of dermatophytes against three antifungal agents

Dermatophyte species Antifungal drug MIC Range G mean

T. interdigitale (n=27) Terbinafine 0.003-0.125 0.01

Griseofulvin 0.03-64 0.41

Ketoconazole 0.03-4 0.32

T. rubrum (n=20) Terbinafine 0.003->32 0.04

Griseofulvin 0.06-64 0.66

Ketoconazole 0.06-8 0.28

T. tonsurans (n=29) Terbinafine 0.003->32 0.01

Griseofulvin 0.03-64 0.46

Ketoconazole 0.03-2 0.16

E. floccosum (n=23) Terbinafine 0.003-1 0.02

Griseofulvin 0.03-64 1.64

Ketoconazole 0.03-2 0.11

MIC; Minimum inhibitory concentration (μg/ml) and G mean; Geometric mean MIC.

Discussion
As earlier mentioned, there was high similarity within 

dermatophytes species. In the present study, the obtained 
results using DNA sequencing method,to identify 
common dermatophyte spp., had 100% accuracy. In this 
study, about 20% of the dermatophyte spp. identified by 
the conventional method was not correct and molecular 
analysis showed in fact that 16.6% (n=4 out of the 
24) strains identified as T. rubrum by morphological 
examination were T. interdigitale. Due to the similarity 
in the morphological characters of T.mentagrophytes, 
T. rubrum and T. interdigitale, their differentiation was 
remained challenge (37, 38).

Interestingly, all 24 isolates, identified as T. tonsurans 
by morphological examination, were confirmed by 
molecular method. This highlighted the rare production of 
macroconidia by T. tonsurans leading to right identification 
at the phenotypic level. On the other hand, the T. tonsurans 
isolates with macroconidia were misidentified with T. 
rubrum and T. interdigitale. The topoisomerase-RFLP 
not only differentiated T. rubrum from T. interdigitale, 
but also it was a useful method for the differentiation of 
T. interdigitale from T. tonsurans by forming the unique 
bonding pattern for each species. The result was similar 
to what was reported by Kamiya et al. (7), showing that 
six dermatophyte spp. were specifically identified by the 
topoisomerase-RFLP. It should also be noted that similar 
to the study of Kanbe et al. (27), dermatophyte spp. were 
amplified by primer dPsD2. This was used for the common 

species identification of Trichophyton, Microsporum and 
Epidermophyton. The study conducted by Mochizuki et 
al. (29) demonstrated that ITS-RFLP of dermatophyte 
spp. was a reliable method for rapid identification of this 
fungus. Besides that, TEF-1α gene was considered as an 
alternative to rDNA that shows a high level of variation 
rate among the species. Findings obtained by Mirhendi 
et al. (25) are in accordance with our results. Result of 
the present study indicated that ITS/TEF-1α combination 
is a valuable approach to omit possible misidentification 
among the closely related species.

To correctly identify dermatophytes based on 
morphological characteristics, 2-4 weeks are required, 
while application of the molecular method showed that 
DNA derived from a fresh colony -cultured for five days- 
is suitable for identification these fungi. It was shown 
that some closely related species like T. equinum and T. 
tonsurans as well as M. canis and M. ferrugineum, showing 
no pattern difference in the ITS-RFLP (37), should be 
investigated using topoisomerase-RFLP. Although the 
topoisomerase-RFLP was rapid, stable and reproducible 
for the common dermatophytes spp., it is not a convenient 
tool for distinguishing between T. interdigitale and T. 
mentagrophytes.

Conclusion
Precise identification of dermatophyte species 

significantly improves treatment and control of 
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dermatophytosis in human and animals. Our results 
clearly indicated that conventional morphology and PCR-
RFLP are not able to precisely identify all dermatophyte 
species and differentiate the closely related species like 
T. interdigitale and T. mentagrophytes, while ITS rDNA 
and TEF-1α gene sequence analyses provided an accurate 
identification for the all isolates at the genus and species 
level. Thus, concurrent sequence analysis of these genomic 
regions is very useful to confirm identity of dermatophyte 
species identified by routine morphology. It also enables 
clinicians for recommending effective treatment and 
control strategies to overcome various clinical types of 
dermatophytosis, especially chronic infection, which are 
antifungal drug resistance and quite difficult to treat.
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Abstract
Objective: Multiple sclerosis (MS) is an inflammatory disease resulting in demyelination of the central nervous system 
(CNS). T helper 17 (Th17) subset protects the human body against pathogens and induces neuroinflammation, which 
leads to neurodegeneration. MicroRNAs (miRNAs) are a specific class of small (~22 nt) non-coding RNAs that act as 
post-transcriptional regulators. The expression of the miR-326 is highly associated with the pathogenesis of MS disease 
in patients through the promotion of Th17 development. Recently, studies showed that disease-modifying therapies 
(DMTs) could balance the dysregulation of miRNAs in the immune cells of patients with relapsing-remitting MS (RRMS). 
Interferon-beta (IFN-β) has emerged as one of the most common drugs for the treatment of RR-MS patients. The 
purpose of this study was to evaluate the expression of the miR-326 in RRMS patients who were responders and non-
responders to IFN-β treatment.         
Materials and Methods: In this cross-sectional study, a total of 70 patients (35 responders and 35 non-responders) 
were enrolled. We analyzed the expression of the miR-326 in peripheral blood mononuclear cells (PBMCs) of RRMS 
patients at least one year after the initiation of IFN-β therapy. Real-time polymerase chain reaction (RT-PCR) was 
applied to measure the expression of the miR-326. 
Results: The results showed no substantial change in the expression of the miR-326 between responders and non-
responders concerning the treatment with IFN-β. Although the expression of the miR-326 was slightly reduced in 
IFN-β-responders compared with IFN-β-non-responders; however, the reduction of the miR-326 was not statistically 
significant.  
Conclusion: Overall, since IFN-β doesn’t normalize abnormal expression of miR-326, this might suggest that IFN-β 
affects Th17 development through epigenetic mechanisms other than miR-326 regulation.      

Keywords: Interferon-Beta, Lymphocyte, MicroRNA, Multiple Sclerosis
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Introduction

Multiple sclerosis (MS) is an inflammatory disease 
that leads to demyelination of the central nervous system 
(CNS). As the incidence of MS disease is rapidly increasing 
in recent decades, there is a serious need for the treatment, 
as well as the monitoring of the disease progression and 
evaluation of patients’ response to various therapies. 

Recent investigations have shown that transplantation 
of human embryonic stem cell (hESC) is one of the 
promising therapeutic strategies in the field of cell-based 
treatment in MS (1, 2). Studies indicate hESCs play an 
essential role in the remyelination process and have the 
preventing roles in demyelination of neural cells (3).

Additionally, numerous biomarkers have been so far 
proposed such as transcription factors, cytokines, and 
microRNAs (miRNAs) for the monitoring of the disease 

progression, as well as the evaluation of drug efficacy in 
MS (4, 5). Although the etiology of MS disease is still 
opaque, it has been shown that proinflammatory Th1- 
and Th17-producing CD4+ T cells contribute to the 
pathogenesis of MS (6). Th17 subset protects the human 
body against pathogens and induces neuroinflammation, 
which leads to neurodegeneration (7, 8). 

MicroRNAs are a class of non-coding RNAs with a 
length of 22 nucleotides that act as post-transcriptional 
regulators. It has been implicated that miRNAs are 
involved in the proper function of the immune system and 
have a vital role in T cell differentiation. Also, the aberrant 
expression of miRNAs is associated with pathological 
conditions, such as autoimmune diseases (9). 

Some studies revealed that disease-modifying therapies 
(DMTs) could balance the dysregulation of miRNAs in 
the cells of the immune system in relapsing-remitting MS 
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(RRMS) patients (10, 11). Studies have demonstrated 
that most of the miRNAs upregulated/downregulated 
during the disease course mediate the differentiation of 
Th17 cells. The expression of the miR-326 is linked to 
the pathogenesis of MS disease through the promotion of 
Th17 development (12). 

To date, myriad studies have conducted on the alteration 
of miRNAs in response to disease-modifying treatments, 
indicating the importance of these types of RNAs in the 
monitoring of various disorders. Accordingly, some studies 
have focused on the changes in the profile expression 
of miRNAs in MS disease, and they showed that these 
molecules are altered during the course of disease and 
treatment (13). Several miRNAs, including miR-155 and 
miR-326, have been shown to act as regulators of the 
immune cell response. Thus, evaluating the expression 
of the miR-326 could be used as a biomarker for the 
assessment of the immune cell function in MS patients. 
Interferon-beta (IFN-β) was the first disease-modifying 
drug used for the treatment of MS with long-lasting effect 
and well-tolerability (14). 

Hence, in this study, we examined whether the treatment 
of RRMS patients with recombinant IFN-β influences 
the expression of the miR-326 in PBMCs of patients 
(15). To show whether RRMS patients are responder/
non-responder to IFN-β therapy, the relapse rate and 
disability progression of patients during the disease 
course were assessed (16). Therefore, the present study 
aimed to evaluate the expression of the miR-326 in IFN-β 
responder and IFN-β-non-responder MS patients.

Material and Methods
Patients

A cross-sectional study was conducted to determine the 
level of the miR-326 expression in PBMCs of 70 RRMS 
patients from Isfahan city. The study enrolled 70 RRMS 
patients who were diagnosed as IFN-β-responders (n=35) 
and IFN-β-non-responders (n=35). The diagnosis of 
MS patients was made based on the McDonald’ criteria 
(17). All of RRMS patients were treated with IFN-β 
for at least one year. Patients were classified based on 
the modified Rio score (MRS) (18). The modified Rio 
score is a simplified version of the Rio score, excluding 
the expanded disability status scale (EDSS) progression 
and modified items of the relapse rates and MRI activity. 
These scores are estimated after one year of IFN-β therapy 
with the aim of characterizing MS patients that will 
have ongoing disease activity and become suboptimal 
responders in the following two years (19). MS patients 
are categorized as IFN-β responders when the score of 
EDSS remains unchanged, and  patients have no relapse 
during the follow-up period. Accordingly, non-responders 
are defined as RRMS patients whose EDSS is increased 
at least one point, and they experience at least one relapse 
during the follow-up period (Table 1) (20). The study 
was approved by the local Ethics Committee of Isfahan 
University of Medical Sciences (code. no. 296075), and 
all patients were given informed consents. Informed 

consent was obtained from all individual participated in 
our study.

Table 1: Demographic and clinical characteristics of RRMS patients

Demographic data Responders Non-responders

Mean age (Y) 33.72 ± 8.19 35.44 ± 8.06

Sex 

   Female n=30 n=29

   Male n=5 n=6

EDSS score 0-5 0-5

RRMS; Relapsing-remitting multiple sclerosis and EDSS; Expanded 
disability status scale.

Peripheral blood mononuclear cells isolation
PBMCs were isolated from fresh heparinized venous 

blood by centrifugation over Ficoll-Hypaque. The 
isolated PBMCs were washed twice with phosphate-
buffered saline (PBS, Sigma, Germany) at 1800 rpm for 
10 minutes. The supernatant was removed, and the pellet 
was re-suspended into 2 ml of PBS. Trypan blue (Sigma, 
Germany) was used to determine the cell viability in the 
cell suspension. Then, PBMCs were rinsed with PBS at 
800 g for 10 minutes. After removal of the supernatant, 
the cells were stored at -80˚C until RNA isolation.

RNA extraction and cDNA synthesis
Total RNA including microRNAs was extracted from 

PBMCs of RRMS patients using the RiboEx Kit (GeneAll, 
Korea) following the manufacturer’s instructions. The 
quantity and integrity of the isolated RNA were confirmed 
using a Nanodrop and agarose gel electrophoresis. For the 
analysis of the miR-326 expression, 2 μl of RNA (5 ng/
μl) was reverse transcribed into complementary DNA 
(cDNA) using miRCURY™ LNA™ miRNA RT Kit 
following the manufacturer’s (Exiqon, Denmark). 

Real-time polymerase chain reaction
The analysis of the microRNA expression was performed 

using RealQ Plus Master Mix Green (Ampliqon, Denmark) 
and specific microRNA LNA™ PCR primer set (Exiqon, 
Denmark) on an ABI 7500 system. The fold change 
expression of microRNA was calculated using the 2-ΔΔct 
method and expressed relative to the RNU48 expression 
level. Real-time polymerase chain reaction (PCR) was 
performed using a microRNA LNA™ PCR primer set 
(forward primer: CCTCTGGGCCCTTCCTCCAG) 
and the RealQplus 2xMasterMixGreenHigh ROX Kit 
containing the miScript Universal Primer (reverse primer).

Statistical analysis
The analysis of the miR-326 expression was carried 
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out by the SPSS software version 22 (SPSS, Chicago, 
IL). The difference of the miR-326 expression between 
responders and non-responder MS patients to IFN-β 
therapy was analyzed by Student t test, and the P<0.05 
was statistically considered significant. 

Results
As confirmed in previous studies the levels of miRNAs 

would be altered in MS patients considering whether they 
response to IFN-β therapy (10, 11). 

The expression of the miR-326 in responders and non-
responders RRMS patients 

To evaluate the miR-326 expression in response to 
IFN-β therapy, the expression of the miR-326 at least one 
year after IFN-β treatment was assessed. Furthermore, 
the expression of the miR-326 was compared between 
the responder and non-responder group. The real-time 
PCR analysis showed that the level of the miR-326 was 
lower in the responder group in comparison with the non-
responder group; however, such a difference was not 
statistically significant (P= 0.7, P>0.05, Fig.1). 

Fig.1: The RT-PCR analysis of miR-326 expression. The expression of the 
miR-326 was assessed in PBMCs of the responder and non-responder 
groups to IFN-β. The results are presented as the ratio of miRNA to 
RNU48. The miR-326 was down-regulated in response to the treatment 
with IFN-β. Although the expression of the miR-326 was higher in non-
responder RRMS patients in comparison with responder RRMS patients, 
the difference is not statistically significant. Data are presented as mean 
± SD. RT-PCR; Real time polymerase chain reaction, PBMCs; Peripheral 
blood mononuclear cells, IFN-β; Interferon-beta, and RRMS; Relapsing-
remitting multiple sclerosis. 

Discussion
Several lines of evidence support that autoreactive 

T cells including Th1 and Th17 cells may mediate 
autoimmunity in the CNS, leading to axonal degeneration 
and demyelination (21-24). The aberrant expression 
of miRNAs is associated with pathological conditions, 
including autoimmune diseases. Studies have shown 
that some miRNAs are dysregulated in brain lesions 
and the blood samples of MS patients. The miR-326 has 

recently been identified as a crucial regulator of Th17 
differentiation and found to promote CNS inflammation 
in EAE, known as a murine model of MS disease (12).

Moreover, dysregulation of the miR-326 has been 
reported in patients with MS that is associated with 
several pathological processes. Emerging evidence has 
demonstrated that various microRNAs are dysregulated 
in several types of immune cells in RR-MS and could be 
fine-tuned by DMTs. The degree of drug responsiveness 
to IFN-β therapy varies among MS patients as some of 
them do not respond to therapy. However, there is no 
consensus on the methods to validate the degree of drug 
responsiveness in MS patients. Our objective was to 
evaluate an immunologically relevant miRNAs to classify 
RRMS patients as responders and non-responders. We 
focused on the profile expression of the miR-326 since 
it has been implicated in pro-inflammatory processes in 
MS pathology. IFNβ therapy may regulate the expression 
of miRNAs and have benefits for MS patients; however, 
some patients do not respond to therapy (25-28). 

Factors contributing to the treatment failure in 
some patients are not fully understood. Lack of drug 
responsiveness in MS patients may stem from genetic, 
pharmacological, and pathological factors (29). The miR-
326 is epigenetically dysregulated in PBMCs and CD4+ 
T cells of RRMS patients (12). In the current study, we 
searched whether IFN-β therapy affects the expression 
level of the miR-326 which has been previously implicated 
in the Th17-differentiation pathway. According to our 
findings, there was no significant difference considering 
the expression of the miR-326 between the responder and 
non-responder groups. Waschbisch et al. (10) consistently 
showed that the expression of the miR-326 did not 
significantly change between the untreated and IFN-β-
treated MS patients during at least three months. Likewise, 
Hecker et al. (11) demonstrated that IFN-β therapy for at 
least one year did not normalize the aberrant expression 
of some miRNAs such as miR-326 which is differentially 
expressed in MS.

Conclusion
Overall, the identification of miRNAs in the blood 

samples of responder and non-responder MS patients 
to IFN-β therapy may provide useful biomarkers for 
the monitoring of the drug responsiveness and disease 
progression. Besides, the determination of the genetic 
profile of patients (pharmacogenetics) who are either 
responders or non-responders would shed light on 
our understanding about the role of genetics in drug 
responsiveness in MS patients.
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Abstract
Objective: Chimeric animal exhibits less viability and more fetal and placental abnormalities than normal animal. This 
study was aimed to determine the impact of mouse embryonic stem cells (mESCs) injection into the mouse embryos 
on H3K9me3 and H3K4me3 and cell lineage gene expressions in chimeric blastocysts.         
Materials and Methods: In our experiment, at the first step, incorporation of the GFP positive mESCs (GFP-mESCs) 
129/Sv into the inner cell mass (ICM) of pre-compacted and compacted morula stage embryos was compared. At the 
second and third steps, H3K4me3 and H3K9me3 status as well as the expression of Oct4, Nanog, Tead4, and Cdx2 
genes were determined in the following groups: i. In vitro blastocyst derived from in vivo morula subjected to mESCs 
injection (blast/chimeric), ii. In vivo derived blastocyst (blast/in vivo), iii. In vitro blastocyst derived from culture of morula 
in vivo (blast/morula), and iv. In vitro blastocyst derived from morula in vivo subjected to sham injection (blast/sham).  
Results: Subzonal injection of GFP-mESCs at the pre-compacted embryos produced more chimeric blastocysts than 
compacted embryos (P<0.05).  The number of trophectoderm (TE), ICM, ICM/TE and total cells in chimeric blastocysts 
were less than the corresponding numbers in blastocysts derived from other groups (P<0.05). In ICM and TE of 
chimeric blastocysts, the levels of H3K4me3 and H3K9me3 were respectively decreased and increased compared 
to the blastocysts of the other groups (P<0.05). Expressions of Oct4, Nanog and Tead4 were decreased in chimeric 
blastocysts compared to the blastocysts of the other groups (P<0.05), while this was not observed for Cdx2.   
Conclusion: In the present study, embryo compaction significantly reduced the rate of incorporation of injected mESCs 
into the ICM. Moreover, in chimeric blastocysts, the levels of H3K9me3 and H3K4me3 were altered. In addition, the 
expressions of pluripotency and cell fate genes were decreased compared to blastocysts of the other groups.      

Keywords: Cell Lineage Genes, Chimera, H3Methylation  
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Introduction
Mouse chimeras have become a useful tool for studying 

the mammalian development processes, including 
formation of a specific cell lineage or tissue as well as 
gene function (1). Chimeras are the animals with two 
or more populations of genetically different cells or the 
recipient embryos with pluripotent stem cells from the 
same or different species (2). Previous studies showed 
that microinjection of embryonic stem cells (ESCs) 
is an efficient approach in producing good germ line-
transmitted chimeras (3). It has been shown that injected 
ESCs into the 8-cell embryos or compacting morula 
can migrate into the inner cell mass (ICM) of resulting 
blastocysts (2, 4, 5) whose migration mechanisms has 
still remained to be elucidated (6).

On the other hand, chimeric animals are less viable 
and exhibit some abnormalities such as large offspring 
syndrome (LOS) and placental abruption. The 
abnormalities in early fetal and placental development 
may occur when embryos have been manipulated in vitro 
(7). Manipulation process and embryo culture condition 
can also change gene expression pattern and early 
embryo development by epigenetic factor modifications 
(8). Epigenetic changes, including modifications of 
DNA and histones without changing DNA sequence, 
are key regulatory factors in transcriptional activity and 
repression of genes in pre-implantation embryo (9). 
Recently the role of histone lysine methylation in embryo 
development has been noticed by many investigators 
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(10). Previous studies have shown that histone H3 tri-
methylated at lysine 4 (H3K4me3) and histone H3 tri-
methylated at lysine 9 (H3K9me3) are respectively 
associated with active and inactive chromatin 
compartments (11). H3K4me3 is generally detected at 
the 5′-end of proximal promoters and it is one of the 
essential factors required for transcription activity in 
ICM of embryo (12). In contrast, H3K9me3 is generally 
localized at the promoter of repressed genes and it is 
required for constitutive heterochromatin formation in 
pericentromeric and centromeric DNA (13). Previous 
study has shown that de-methylation of H3K9 at the 
regulatory regions of ESCs significantly up-regulated 
Oct4 and Nanog gene expressions (14). 

Gamete and embryo manipulations, such as oocytes 
in vitro maturation (IVM), in vitro embryo production 
through intracytoplasmic sperm injection (ICSI) or in 
vitro fertilization (IVF), have negative impacts on embryo 
quality and epigenetic modifications (9, 15, 16). Although 
many studies implicate the effects of in vitro manipulation 
on alterations of epigenetic modification, the pattern of 
these alterations (including histone methylations) in 
chimeric embryos is still unclear. Therefore, in our study 
we aimed to investigate the pattern of H3K4me3 and 
H3K9me3 modifications in mouse chimeric blastocysts as 
well as the effects of this modifications on the ICM lineage 
specific gene expression (Oct4, Nanog) and trophectoderm 
(TE) gene expressions (Tead4, Cdx2). Moreover, effect of 
embryo compaction at morula stage on incorporation of 
the injected mESCs into the ICM as well as the effects 
of embryo manipulation on blastocyst quality, ICM, TE 
numbers and ICM/TE ratio was investigated. 

Materials and Methods
Animal care and chemicals 

The study procedures were confirmed by the Research 
Ethics Committee of Avicenna Research Institute, 
Tehran, Iran (IR.SBMU.MSP.REC.1395.5.1). The 
chemical materials were obtained from Sigma-Aldrich 
(USA), unless otherwise mentioned in the text. The mice, 
C57BL/6, were procured from Pasteur institute of Iran 
and they were maintained in temperature- and humidity-
controlled rooms at 12-hours dark/light cycles.

Experimental groups 

This study is comprised of three experimental steps, 
including step 1: evaluating the effect of embryonic 
compaction on producing chimeric blastocyst following 
injection of GFP-mESCs into the subzonal space of 
mouse pre-compacted and compacted morula-stage 
embryos and step 2: determining the number of embryonic 
cells type, TE, ICM and total cells in blastocyst derived 
from different approaches including: i. In vivo-derived 
blastocyst (blastocyst/in vivo, control), ii. Blastocyst 
obtained from in vivo-derived morula (blastocyst/morula), 
iii. Blastocyst obtained from in vivo-derived morula which 
had been subjected to subzonal injection of the culture 

medium (blastocyst/sham), and iv. Blastocyst obtained 
from in vivo-derived morula which had been subjected to 
subzonal mESCs injection (blastocyst/chimeric). Step 3 is 
composed of assessment of the some lineage specific gene 
expressions in ICM (Oct4, Nanog) and TE (Tead4, Cdx2), 
in addition to the evaluation of H3K4me3 and H3K9me3 
modification in the four above-mentioned groups of 
blastocysts (Fig.1).

Embryo collection
In this study, superovulation of 8-10 weeks old C57BL/6 

female mice (n=53) was performed through intraperitoneal 
injections of 10 IU of pregnant mare serum gonadotropin 
(PMSG) followed by human chorionic gonadotropin 
(hCG) injection after 46-48 hours. In next step, the female 
mice were allowed to mate with C57BL/6 male. Females 
with vaginal plugs were sacrificed at 2.5 days post coitum 
(dpc) by cervical dislocation, to collect the embryos. The 
embryos were cultured in KSOM, supplemented with 4 
mg/ml bovine serum albumin (BSA) and amino acids 
(KSOMaa) under mineral oil at 37˚C in a humidified 
atmosphere of 5% CO2.

Subzonal injection of green fluorescent protein-
embryonic stem cells (GFP-ESCs)

Mouse ESCs, 129/Sv, labelled with GFP (GFP-mESCs) 
were considered for subzonal injection. The cells were 
cultured in R2i-LIF medium consisting of 1:1 mixture of 
DMEM:F12 (Invitrogen Carlsbad, USA) containing 15% 
knockout serum replacement (KOSR), 2 mM L-glutamine, 
1000 U/ml mouse leukemia inhibitory factor (LIF), 1% 
non-essential amino acids, 0.1 mM β-mercaptoethanol, 
100 U/ml penicillin, 100 mg/ml streptomycin, 2% ESC 
qualified FBS (ES-FBS), 1 µM PD0325901 and 10 µM 
SB431542. SB431542 and PD0325901 are two chemicals 
that respectively inhibit transforming growth factor 
b (TGF-b) and MEK signalling pathways, which are 
named R2i. R2i enhance ground state of pluripotency in 
mESCs. In the absence of mouse embryonic fibroblasts 
(MEFs), the mESCs grew on 0.1% gelatin-coated wells. 
For preparation of single cell suspension, 79% confluent 
mESCs were trypsinized and kept at 4˚C in 1 ml of ESC 
medium supplemented with 0.2 m HEPES until use (5).

The injection of GFP-mESCs in subzonal space of 
pre-compacted (n=42) and compacted embryos (n=36) 
was carried out using a Narishige micromanipulator. A 
number of laser beams (150 FU, Prime Tech Ltd., Japan) 
were applied to thin the zona pellucida (ZP) before 
piercing the tip of injection needle. After rinsing the inner 
surface of injection needle (20 µm in diameter) with 10% 
polyvinylpyrrolidone (PVP)-PBS, about 15 GFP-mESCs 
were aspirated and then injected into the perivitelline 
space of embryos. For expansion of perivitelline space 
and in order to facilitate subzonal mESCs injection, the 
embryos were subjected to 0.2 M sucrose medium. The 
GFP-mESCs-injected embryos were cultured in KSOMaa 
at 37˚C for 24 hours in a humidified atmospheres to 
approach blastocyst stage (2).
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Fig.1: Workflow and study design for production of chimeric blastocysts. The procedure can be divided into four parts: i. Injection of GFP-mESCs, 129/Sv, into 
the in vivo derived pre-compacted and compacted mouse embryos, C57BL/6, ii. Differential staining to determine ICM and TE cells allocation of blastocysts, 
iii. The expression of lineage specific genes in the blastocysts derived from different approaches, using qRT-PCR, and iv. Histone methylation of H3K4me3 and 
H3K9me3 in blastocysts derived from different approaches using immunocytochemistry. ICM; Inner cell mass, TE; Trophectoderm, and qRT-PCR; Quantitative 
reverse transcription polymerase chain reaction.

Differential embryo staining  
Differential staining of variant  cell types of embryo, 

including TE, ICM and total cells number, was performed 
in each group by a previously described procedure (17). 
Briefly, blastocysts were permeabilized in 0.2% Triton 
X-100 in flushing holding medium (FHM) media for 20 
seconds. They were then transferred into FHM media 
supplemented by 30 µg/ml propidium iodide (PI) for 60 
seconds. This was followed by an incubation of blastocysts 
in cold ethanol supplemented by 10 µg/ml bisbenzimide 
(Hoechst 33342) for 15 minutes and immediately 
mounted on glass slides using glycerol. Finally, the 
stained blastocysts were observed and counted using an 
epifluorescent microscope (IX71 Olympus, Japan). In this 
study, 15 blastocysts were considered for each group.

Immunofluorescence staining of H3K9me3 and 
H3K4m3

In each group, the ZP of blastocysts was completely 

dissolved by incubating them with acidic Tyrode 
(pH=2.5) for 30 seconds. The embryos were washed 
three times by phosphate-buffered saline (PBS) added 
to 0.1% polyvinyl alcohol (PVA) and 0.1% Tween-20. 
They were then fixed in 4% paraformaldehyde (pH=7.4) 
for 30 minutes. Subsequently, the fixed embryos were 
treated by 0.3% Triton X-100 for one hour in PBS. For 
blocking, these blastocysts were kept in PBS, followed 
by adding 2% bovine serum albumin (BSA) to them 
for 40 minutes at 25˚C. They were next treated with 
primary anti-H3K4me3 (1:200, Abcam, USA) antibody 
for one hour at 25˚C and anti-H3K9me3 (1:200, Abcam, 
USA) antibody overnight at 4˚C. The embryos were 
then washed three times (10 minutes each) with 0.1% 
PVA+0.1% Tween-20 diluted in PBS, and they were then 
treated with the secondary antibody, goat IgG anti-mouse 
(PE/Cy5.5, 1:500, Abcam, USA) in blocking solution 
for 60 minutes at 37˚C, according to the manufacturer’s 
instructions. After washing with PBS containing 0.1% 
PVA+0.1% Tween-20, for 10 minutes, DNA was stained 
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for 10 minutes with 15 μg/ml 6-diamidino-2-phenylindole 
(DAPI, Thermo Fisher Scientific, USA). The samples 
were then mounted on the slides by glycerol. Each 
experiment was biologically replicated three times and 
at least 20 blastocysts were evaluated in each group. In 
each experiment, embryos without primary antibody were 
stained, as negative controls. The slides were evaluated 
using an automated epifluorescent microscope (Nikon, 
Japan). The fluorescence intensity of blastocyst images 
was evaluated using ImageJ software (NIH Image, USA).

RNA isolation
Total RNA was isolated from single blastocyst using 

Trizol reagent (Life Technologies, Belgium) according to 
the manufacture’s instruction. Briefly, to homogenate the 
samples, 50 μl Trizol and 25 μl chloroform were added to 
each sample. After precipitating with isopropanol, RNA was 
washed with 70% ethanol and total RNA was diluted in 10 μl 
RNase-free water. Total RNA was then kept at -80˚C. In our 
study, five blastocysts were considered in each group.

Before cDNA synthesis, the purity and concentration of 
isolated RNA was measured using a spectrophotometer 
(Picodrop Real-Life, UK). cDNA was produced using 
Prime Script QuantiTect Kit (Qiagen, Germany). 
Reactions were carried out in RNase-free tubes in a total 
volume of 20 μl, containing 2 μl gDNA, 6 μl total RNA, 
4 μl RT buffer, 1 μl enzyme and 7 μl RNase-free water at 
the following condition: 42˚C for 2 minutes, 42˚C for 15 
minutes and 95˚C for 3 minutes. For long term storage, 
cDNA were kept at -20˚C.

Quantitative reverse transcription polymerase chain 
reaction

In this study, quantitative reverse transcription 
polymerase chain reaction (qRT-PCR) was used to assess 
the expression of: 
Oct4-
F: 5ˊ-CGTGTGAGGTGGAGTCTGGA-3ˊ, 
R: 5ˊ-GCTGATTGGCGATGTGAGTG-3ˊ, 
Nanog-
F: 5ˊ-CTGAGGAGGAGGAGAACAAGGTC-3ˊ, 
R: 5ˊ-CATCTGCTGGAGGCTGAGGTA-3ˊ, 
Tead4-
F: 5ˊ-CGGAGGAAGGCAAGATGTATG-3ˊ, 
R: 5ˊ-ACCTGGATGTGGCTGGAGAC-3ˊand 
Cdx2-
F: 5ˊ-GCTGCTGTAGGCGGAATGTAT-3ˊ, 
R: 5ˊ-CTCCCGACTTCCCTTCACC-3ˊ

using Rotor Gene Q instrument (Qiagen, Germany). qRT-
PCR reactions were done in a final volume of 10 μl including 
5 μl SYBR green (Takara, Japan), 0.2 μl of each forward 
and reverse primers (10 μM), 2 μl cDNA template (ten-fold 
diluted), and 2.6 μl nuclease free water. The thermal cycling 
was performed in 2 steps with following condition: one 
cycle of 95˚C for 30 seconds (holding time), followed by 50 

cycles of 95˚C for 5 seconds and 60˚C for 30 seconds. High-
resolution melting curve analysis was performed in a ramp 
rate of 0.2˚C from 72˚C up to 95˚C. 
Gapdh-
F: 5ˊ-TTCCAGTATGATTCCACCCAC-3ˊ, 
R: 5ˊ-ACTCAGCACCAGCATCACC-3ˊ and 
H2afz-
F: 5ˊ-CTCGTCTCTTCCTCGCTCGT-3ˊ, 
R: 5ˊ-CGTCCGTGGCTGGTTGTC-3ˊ

were considered as internal endogenous housekeeping 
genes. At least, three replications from each cDNA 
sample were evaluated and the expression level of the 
gene was normalized against H2afz and Gapdh. Relative 
expression of the genes was determined by REST 2009 
Software (Qiagen, Germany).The expression levels 
were reported as mean ± standard deviation (SD), while 
significant difference was reported as P<0.05.

Statistical analysis
The rates of development to the blastocyst in pre-compacted 

and compacted embryos following mESCs injection and the 
incorporation of injected mESCs into ICM were analysed by 
non-parametric analysis test (Mann Whitney) and expressed 
as mean ± standard error of the mean (SEM). The blastocyst 
cell number and fluorescent intensity of histone methylation 
were evaluated with one-way ANOVA post hoc tests and 
expressed as mean ±  SD. Analyses were conducted using 
SPSS statistical program (SPSS Inc., USA). Comparisons 
were considered statistically different, if the p-value was 
less than 0.05. Gene expression of the each groups were 
evaluated by one-way ANOVA, REST 2009 Software 
(Qiagen, Germany).

Results
Generation of mouse chimeras

Integration of subzonal injected GFP-mESCs into the 
ICM of resulting blastocysts were significantly higher in 
pre-compacted (31/42) than compacted (13/36) morula-
stage embryos (P=0.012, Table 1). As shown, the injected 
GFP-mESCs were incorporated into the ICM of resulting 
chimeric blastocysts using epifluorescent microscope. There 
was no difference in the blastocyst rate and developmental 
block between morula-stage embryos receiving mESCs at 
pre-compacted or compacted stages (Table 1).

Blastocyst cell count 

As it has been shown in Table 2, the number of variant 
cell types of embryo, including total cell numbers, TE 
and ICM was measured in four groups to determine 
the blastocyst quality (Fig.2). Chimeric blastocysts had 
significantly fewer total cell, ICM and TE cell numbers 
compared to the other groups (P<0.05). The average 
number of ICM was respectively 9.7 ± 1.4 and 19.75 ± 
1.3 in chimeric and derived blastocysts in vivo. The ration 
of ICM to TE cells (ICM/TE) was decreased in chimeric 
blastocysts compared to blastocyst/in vivo (P˂0.05).

http://www.clontech.com/takara/US/Products/Real_Time_qPCR_Kits/RT-qPCR_Reagents/PrimeScript_RT_Reagent_Kit
https://en.wikipedia.org/wiki/Germany
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Table 1: Subzonal injection of mESCs in morula stage of pre-compacted as well as compacted mouse embryos, and incorporation of mESCs into ICM of 
resulting blastocysts

Injected morula Produced blastocyst Blastocyst Blocked embryo

Incorporated mESCs Non-incorporated mESCs

Compacted (n=36) 34 (94.4 ± 4.8) 13 (36.1 ± 7.5) a 23 (63.9 ± 10.6 )a 2 (5.5 ± 2.8)

Pre-compacted (n=42) 40 (95.2 ± 2) 31(73.8 ± 4.5 )b 11 (26.2 ± 3.1)b 2 (4.8 ± 1)

Total number: (n=78) 74 (94.67 ± 2.5) 44 (53.77 ± 7.17) 34 (40.90 ± 7.38) 4 (5.317 ± 1.56)

Data are presented as n (% ± SEM). a, b; The numbers with different uppercase letters at the same column are significantly different (P<0.05), mESC; Mouse 
embryonic stem cells, and ICM; Inner cell mass.

Table 2: The number of variant cell types of blastocysts obtained from different approaches

Groups Number of  ICM cells Number of TE cells Total cell number ICM:TE
Ratio

Blastocyst/in vivo 19.75 ± 1.3a 64.5 ± 14.1a 84.25 ± 17a 0.31 ± 0.09a

Blastocyst/morula 16.57 ± 1.5b 55.28 ± 8.9a,b 71.85 ± 9.5a,b 0.30 ± 0.1a

Blastocyst/sham 12.83 ± 0.8c 48.5 ± 6.5b,c 61.33 ± 8.5b 0.26 ± 0.12b,c

Blastocyst/ESCs injection 9.7 ± 1.4d 38 ± 9c 47.7 ± 9.6d 0.25 ± 0.15c

Data are presented as mean ± SD. a-d ; The numbers with different uppercase letters at the same column differ significantly (P<0.05), TE; Trophectoderm, 
ICM; Inner cell mass, and EScs; Embryonic stem cells.

Fig.2: Epifluorescent microscopic imaging of mouse chimeric blastocysts produced by different approaches. ICM and TE nuclei were respectively stained 
with Hoechst 33342 (blue) and PI (red). A. Blastocyst/in vivo, B. Blastocyst/morula, C. Blastocyst/sham, and D. Blastocyst/ESCs injecton (scale bar: 50 µm). 
ICM; Inner cell mass, TE; Trophectoderm, and PI; Propidium iodide.
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Immunocytochemistry analysis of H3K9me3 and 
H3K4me3

Methylation of H3K4 and H3K9 in the TE 
and ICM cells of blastocyst were measured by 
immunocytochemistry assay (Fig.3). As shown in 
Figure 4A, methylation of H3K4 in the ICM and TE of 
chimeric blastocysts was decreased in comparison with 
the other groups (P<0.05). Concerning tri-methylation 
of H3K9 in ICM, the highest rate was observed in 
chimeric embryos. Tri-methylation of H3K9 in ICM 
and TE was significantly higher in chimeric and sham 
groups compared to the other groups (P<0.05). On the 
other hand, there was no significant difference between 

expression of H3K9me3 in TE of sham groups and 
chimeric groups (P˃ 0.05, Fig.4B).

Inner cell mass and trophectoderm gene expressions 
Relative expression analysis of particular lineage 

specific genes in the ICM and TE cells represented some 
differences. Oct4, Nanog and Tead4 relative expressions 
in chimeric blastocysts was significantly lower than 
blastocysts in sham and control groups (P<0.05). However, 
no significant difference was observed for Cdx2 between 
chimeric blastocysts and those derived from the other 
groups, except the sham group. Indeed, Cdx2 expression 
in blastocysts derived from sham group was significantly 
lower than the other groups (Fig.4C, D, P<0.05).

Fig.3: Immunostaining. Immunocytochemistry staining of H3K4me3 (left) and H3K9me3 (right) in chimeric blastocysts and blastocysts derived from the 
other groups: A. Blastocyst/embryonic stem cells (ESCs) injection, B. Blastocyst/sham, C. Blastocyst/morula, and D. Blastocyst/in vivo; control. The nuclei 
(blue) were stained with DAPI. The H3K4me3 and H3K9me3 were stained with anti-Mouse IgG (red). The merged images of H3K4me3 and H3K9me3 with 
DNA are purple (scale bars: 50 μm). 
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Fig.4: Three methylation of H3K4 and H3K9 as well as gene expressions in blastocysts produced by different approaches. A. H3K4me3 expression, B. 
H3K9me3 expression, C. Expression of the ICM genes, and D. Expression of the TE genes in mouse blastocysts produced by different approaches. a, b, c 
the columns with different type of the lowercase letters are significantly different (P<0.05). Data are shown as mean ± SD. ICM; Inner cell mass and TE; 
Trophectoderm.

Discussion
Currently, mESCs microinjection is a highly stable and 

reproducible technique which can produce full germ line-
transmitted chimeras (1). In the present study, integration 
of mESCs into the ICM in pre-compacted embryos was 
significantly higher than compacted type. Our results was 
in agreement to the reports of Tokunaga and Tsunoda (18) 
indicating that mESCs injection into the 8-cell embryos, 
2.5 dpc before formation of ICM, led to the higher 
incorporation of injected cells into the ICM. In our study, 
blastocysts were incubated in 0.2 M sucrose medium prior 
to mESCs injection into the subzonal cavity of morula-
stage embryos. Our results were consistent with previous 
studies clearly showing that hypertonic microinjection 

method can generate the embryos with high percentages 
of chimerism. The precise cellular mechanism underlying 
this phenomenon is not yet clear (3, 19).

In our study, the number of variant cell types of embryo 
including total cells number, ICM and TE, as well as 
the ICM/TE ratio, was reduced in chimeric blastocysts 
compared to blastocysts in vivo. It seems that in vitro 
manipulation of the embryo can compromise the quality 
of produced blastocysts. So that, the number of ICM cells 
in the injected mESCs group was lower than that of the 
other groups. In other words, the number of ICM cells 
was reduced by increasing embryo manipulation. As 
expected, reducing the variant cell number of embryo, TE 
and ICM, as well as the abnormal changes in blastocyst 
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cells allocation, reduced the quality and post implantation 
development of blastocyst. It has also been shown that 
the rate of embryonic cell proliferation and the ICM/TE 
ratio in the blastocyst leads to placental abnormalities and 
LOS (20). In the cloned embryos with a small  number of 
variant cell types, functional role of TE cells for successful 
implantation was reduced (21).

It has been demonstrated that mESCs-derived chimeras 
suffer from reduced viability and other anomalies such 
as altered growth rate and body weight (22). These 
abnormalities could be mainly due to the changes in 
gene expression of TE and ICM cells, causing by embryo 
manipulation and in vitro culture (23, 24). In this context, 
epigenetic modification has a profound effect on gene 
expression. Histone modification plays an important role 
in transcription activity via methylation of lysine and 
chromatin structure remodelling in pre-implanted embryo 
(25). Embryo manipulations, such as SCNT, ICSI and 
cryopreservation, modify somewhat the normal pattern 
of H3K9me3 and H3K4me3 methylation (16, 17, 26). 
However, there is no study to assess methylation of H3K4 
and H3K9 in chimeric embryos and evaluate the role of 
this modification on gene expression.

It has been shown that H3K4me3 is enriched in 
transcription starting site of some transcription factors, 
including Nanog, Oct4 and Sox2 genes, which have 
regulatory role in gene expression (27). Oct4 is one 
of the main genes, known to act as a master regulator 
of pluripotency (28). It belongs to POU family of 
transcription factor genes. It is found in the promoter 
and enhancer regions of many genes. Oct4 also regulates 
expression of Nanog, Sox2 and other genes modulating 
the cell fate during early embryo development (29, 30). In 
our study, H3K4me3 in ICM cells of chimeric blastocysts 
was decreased, in comparison with the other groups. It 
probably reduced the expression of certain specific genes, 
including Oct4 and Sox2 in ICM. This was in agreement 
with many studies indicating that in vitro derived embryos 
and embryo manipulation can alter methylation pattern, 
consequently leading to the change in expression of 
pluripotency genes, compared to the in vivo derived type 
(28, 31). 

Our study shows that in  chimeric embryos, duration 
and severity of the manipulation in vitro were more than 
the other groups. Based on that and in accordance  with 
the previous studies (31, 32), duration and severity of 
the embryo manipulation  may lead to more epigenetic 
alterations in H3K9me3 and H3K4me3, consequently 
reducing the ICM and TE gene expressions (32-34). 
According to the our results, because of difference in the 
type and duration of manipulation in vitro, there was a 
significant trend in reduction of the ICM cells H3K4me3 
methylation,  but not TE cells.   Another possibility  for 
decreasing H3K4  methylation in ICM cells of chimeric 
blastocysts, compared to the other groups, might be due 
to the possible interactions between injected mESC and 
ICM cells in chimeric blastocysts. Methylation of H3K4 
in chimeric blastocysts was also reduced compared to 

other groups, although the difference between sham and 
chimeric groups was not significant. 

In the normal process of blastocyst development, 
generating ICM and TE cells, there is a relationship 
between Oct4 and Cdx2 expressions. As such, the 
increase in Oct4 expression leads to the reduction of Cdx2 
expression in ICM cells and vice versa in TE cells. Cdx2 as a 
transcription factor is responsible for embryo compaction 
and TE lineage formation (35). In our study, despite the 
significant decrease in expression of Oct4, Nanog and 
Tead4, down-regulation of Cdx2 expression was not 
significant in chimeric blastocysts  under the impact of 
manipulation compared to in vivo-derived counterparts. 
Now, the question is why despite the reduced expression 
of other genes, expression of Cdx2 has not been declined? 
Whether genes associated with cellular fate (Tead4) and 
pluripotency (Oct4 and Nanog) are more sensitive than 
TE gene (Cdx2) in the face of inappropriate culture 
conditions or manipulation? However, there are studies 
indicating no significant difference in Cdx2 expression 
between embryos with (cloned and ICSI embryos) and 
without manipulation (36).

H3K4me3 is generally associated with active chromatin, 
whereas H3K9me3 preferentially correlates with 
heterochromatin and transcription repression (37). Here, 
we found a converse relationship between H3K9me3 and 
gene expression in ICM and TE of chimeric embryos. In 
other words, increasing level  of H3K9me3 leads to  the 
reduction of Nanog, Oct4 and Tead4 gene expressions in 
chimeric embryos, compared to in vivo derived blastocysts. 
It is hypothesized that reduction of H3K9me3 level by 
optimizing culture condition can improve epigenetic 
pattern in the chimeric embryos. Consistently, it has 
been shown in mouse and porcine cloned embryos (38, 
39). In agreement with our study, H3K9me3 could down-
regulate the pluripotency gene expressions in the cloned 
embryos (38). Regarding the Cdx2 expression, despite 
decreasing trend of gene expression in the first three 
groups, the expression in test group (chimeric blstocysts) 
was increased in comparison with the sham group. One 
explanation for the significant decrease in Cdx2 expression 
in the sham, compared to test group, might be due to the 
higher, though insignificant, level of  H3K9me3 in sham 
group. Alder et al. (40) indicated that down-regulation 
of H3K9me3 in TE leads to the activation of Cdx2 
transcription. As expected, in our study, H3K9 histone 
methylation of the ICM cells was significantly increased 
in chimeric blastocysts compared to the sham group. It 
was in accordance to the general principle that further 
manipulation will cause more epigenetic alterations. In 
other words, more invasive operations, as with chimeric 
embryos, cause more epigenetic changes. 

Concerning the level of H3K9me3 in TE cells, despite 
determining consistently increased level of methylation 
contrary to our expectations, there was no significant 
difference between the chimeric and sham groups. There 
are, however, other factors that can alter gene expressions, 
such as DNA methylation and histone modification, 
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which may affect the gene expression pattern in chimeric 
embryos, compared to the other groups. Apart from 
Cdx2, the expression of Tead4 in TE cells was decreased, 
while it was increased in the embryo manipulation. Thus, 
the minimum expression level was shown in chimeric 
blastocysts, compared to the other groups. These 
alterations followed the pattern of H3K9me3 changes in 
TE cells. 

Conclusion
In our study, the embryonic stage had a profound 

effect on production of chimeric blastocyst. Thus, 
embryo compaction significantly reduced the rate of 
mESCs incorporation to the ICM. Moreover, alterations 
in the levels of H3K9me3 and H3K4me3 could reduce 
the pluripotency and cell fate gene expressions, due to 
embryo in vitro culture and its manipulation.
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Abstract
Objective: Weightlessness simulation due to the simulated microgravity has been shown to considerably affect 
behavior of tumor cells. It is aim of this study to evaluate characteristics of human breast cancer cells in this scaffold-
free 3D culture model.         
Materials and Methods: In this experimental study, the cells were exposed to simulated microgravity in a random-
positioning machine (RPM) for five days. Morphology was observed under phase-contrast and confocal microscopy. 
Cytofilament staining was performed and changes in expression level of cytofilament genes, proliferation/differentiation 
genes, oncogenes and tumor suppressor genes were detected by quantitative reverse transcription polymerase chain 
reaction (qRT-PCR), followed by western blot confirmation.   
Results: After five days, distinct spheroid formation was observed. Rearrangement of the cytoskeleton into spherical 
shape was visible. VIM gene expression was significantly up-regulated for adherent cells and spheroids (3.3x and 3.6x 
respectively, P<0.05 each). RHOA also showed significant gene up-regulation for adherent cells and spheroids (3.2x 
and 3.9x respectively, P<0.05 each). BRCA showed significant gene up-regulation in adherent cells and spheroids (2.1x 
and 4.1x respectively, P<0.05 each). ERBB2 showed significant gene up-regulation (2.4x, P<0.05) in the spheroids, but 
not in the adherent cells. RAB27A showed no significant alteration in gene expression. MAPK) showed significant gene 
up-regulation in adherent cells and spheroids (3.2x, 3.0x, P<0.05 each). VEGF gene expression was down-regulated 
under simulated microgravity, without significance. Alterations of gene expressions could be confirmed on protein level 
for vimentin and MAPK1. Protein production was not increased for BRCA1, human epidermal growth factor receptor 2 
(HER2) and VEGF. Contradictory changes were determined for RHOA and its related protein.     
Conclusion: Microgravity provides an easy-to handle, scaffold-free 3D-culture model for human breast cancer cells. 
There were considerable changes in morphology, cytoskeleton shape and gene expressions. Identification of the 
underlying mechanisms could provide new therapeutic options.      
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Introduction
Breast neoplasms are still a major cause of morbidity and 

mortality in the western world. To identify new mechanisms 
that could provide therapeutic targets, experiments in 
2-dimensional (2D) cell culture struggle with various 
limitations. Phenotype alteration and loss in 2D cultures has 
been described for several cell types. It has been described 
for somatic cells such as tenocytes (1) and mesenchymal 
stem cells (2). Space flights have shown to impose significant 
alterations on human and animal organisms, as well as cell 
cultures. On the organism, various effects such as loss of bone 
mineralization or changes in blood pressure regulation are 
well known. 

In different cell types, loss of attachment from the otherwise 
indispensable culture surface and transition to a state of 
3-dimensional (3D) formations, so-called “spheroids“, has 
been reported. This was observed during flights beyond the 
earth atmosphere (3), during parabolic flight maneuvers (4), 
in addition to the simulated microgravity on earth. Hereby, 
2D rotating clinostats or 3D rotating random positioning 
machines (RPM) are in use. In both, simulated microgravity on 

earth and during space flights, several effects of microgravity 
on breast cancer cells have been reported, especially with 
regards to invasion, adhesion and metastasis formation (5). 

Microgravity has also been reported to induce mitochondrial 
activity in breast cancer cells as a reaction to oxidative stress 
(6). Further studies by our group have shown alterations 
particularly with regard to the cytoskeleton arrangement (7). 
Microgravity therefore seems to be an attractive 3D cell culture 
model to study migration and invasiveness in breast cancer. 
We performed experiments where we exposed breast cancer 
cells to simulated microgravity. We studied cytoskeleton 
morphology as well as gene and protein expression levels 
related to tumor differentiation, proliferation and invasion. 
In this study, we aimed to provide new insights into these 
mechanisms in order to identify potential targets for new 
therapeutic strategies.

Materials and Methods
The present work was designed as an experimental 

laboratory study (level of evidence V).



Cell J, Vol 22, No 1, April-June (Spring) 2020107

Strube et al.

Cell culture
Human breast cancer cells (adenocarcinoma, CRL-

2351) were obtained from ATCC© (Wesel, Germany). 
All experiments were performed on this commercially 
available cell line, so no Ethical Committee approval was 
necessary. The cell line is negative estrogen receptor and it 
overexpresses the HER2/neu oncogene. The cells were firstly 
expanded under 2D-conditions in T125 flasks (Sarstedt, 
USA). Ham´s F12-media (Gibco, Germany) supplemented 
with 5% fetal calf serum (FCS, Biochrom AG, Germany) 
and 1% penicillin/streptomycin (Biochrom, Germany) was 
used. The medium was changed three times per week. For 
this experiment, 1×106 cells were counted by hemocytometer 
and added to six T125 flasks, as the experimental group in the 
RPM, and to the same number of flasks for the control group 
under 1g conditions. For cytoskeleton staining, the cells were 
seeded with a density of 1×105 per cm2 to slide flasks (Thermo 
Scientific, Germany). 

Random positioning machine
Weitghtlessness simulation was generated using an 

RPM. The RPM (developed by University of Applied 
Sciences, Northwestern Switzerland) was run with a 
commercially available incubator at 37˚C and 5% CO2. 
The device was operated in a random walk modus using 
an angular velocity of 60°/seconds. The method was 
intensively investigated and published earlier (8). Six 
flasks of T125 cm2 were attached as much as possible to 
the center of RPM machine, and the samples were rotated 
for the selected time period (five days). Static, non-
rotated controls were exposed to the same environmental 
conditions nearby the device. The RPM machine was 
rebooted once per 24 hours to ensure proper operation. 
Interruption was kept as short as possible every time. 

Phase contrast microscopy
Phase contrast microscopy was performed for visual 

observation of viability and morphology of the cells, and 
for detection of potential spheroids. A Leica microscope 
(Leica Microsystems GmbH, Germany) was used. 
Pictures were taken with a Canon EOS 60D (Canon 
GmbH, Germany).

Cytoskeleton staining
In terms of cytoskeleton analysis, the cells exposed to 

simulated microgravity in the RPM for five days were 
investigated in the slide flasks. Filamentous actin (F-actin) 
was analyzed by visualization of phalloidin-stained cells 
(PromoKine, USA). Both adherent cells and spheroids 
were fixed with 4% paraformaldehyde for 10 minutes 
and permeabilized with 1% Triton-X for 5 minutes. 
Nonspecific binding was blocked by incubation with 1% 
bovine serum albumin (BSA). Staining was performed 
by incubation of the slides with 6.6 μM solution of a 
phalloidin/Alexa Fluor 488 conjugate (Thermo Fisher 
Scientific, Germany) for 30 minutes at room temperature, 
followed by thorough washing with phosphate buffere 

saline (PBS) solution. Nuclei were counterstained with 
4′,6-diamidine-2-phenylindol (DAPI, Thermo Fisher 
Scientific, Germany) at 0.1 μg/ml concentration for 1 
minute. The samples were mounted with Vectashield 
mounting medium (Vector Laboratories, USA).

Confocal microscopy
Confocal microscopy of the slides stained for F-actin 

was performed with a Zeiss 510 META inverted confocal 
laser scanning microscope (Zeiss, Germany). Excitation 
and emission wavelengths were 485 nm/560 nm, 
respectively. 

RNA and protein isolations, quantitative reverse 
transcription polymerase chain reaction and western 
blot 
RNA isolation

An aliquot of cells was frozen in liquid nitrogen for 
subsequent lysis and protein isolation as described further 
below. RNA isolation and quantitative reverse transcription 
polymerase chain reaction (qRT-PCR) were done according 
to standard protocols following the manufacturer’s manual. 
RNA isolation was performed with the AllPrep DNA/RNA/
Protein Mini© Kit (Qiagen, Germany) according to the 
manual. The cells were brought into suspension from the 
culture plate surfaces by adding 0.025% trypsin (Sigma-
Aldrich, Germany). The cell suspension was spun down 
in an RNase-free tube for five minutes at 300 g. Next, 350 
μl of the lysis buffer RLT was added to the pellet to induce 
cell lysis. Remaining RNases were inactivated by 1% 
β-mercaptoethanol addition. The lysate was vortexed for 
1 minute to obtain a homogenous lysate. Thereafter, it was 
stabilized by adding 100% ethanol in an equal volume to the 
lysate. The liquid was then transferred to an RNeasy Spin 
Column and centrifuged in a micro-centrifuge at 10,000 rpm 
for 15 seconds. The flow-through was put aside for further 
protein isolation as described below. Afterwards, 700 μl of the 
buffer RW1 (washing buffer) was given to the spin column, 
followed by centrifugation at 10,000 rpm for 15 seconds. The 
flow-through was discarded again. The washing buffer RPE© 

was added to the spin column at a volume of 500 μl and the 
column was centrifuged at 10,000 rpm for 15 seconds. This 
step was repeated after discarding the flow-through. The 
RNA was then eluted into an RNase-free collection tube by 
centrifugation with 30 μl of RNase-free water. The RNA was 
quantified photometrically by measuring the absorbance at 260 
nm with a SpectraMax M2 device (Molecular Devices, USA). 

Reverse transcription
Reverse transcription was done using the First Strand 

cDNA Synthesis Kit (Thermo Scientific, USA) according 
to the manual. Briefly, for each sample, 3 μg total RNA, 
random hexamer primers and nuclease-free water were 
mixed together to an overall volume of 11 μl. To this volume, 
reaction buffer, RNase inhibitor, oligonucleotides and reverse 
transcriptase were added to a total volume of 20 μl. All steps 
were performed under refrigeration on ice. The mix was kept 
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for five minutes at 25˚C, followed by 60 minutes at 42˚C. The 
reaction was stopped by incubation at 70˚C for five minutes. 
The complementary DNA (cDNA) was stored at -20˚C for 
less than one week before performing further experiments. 

Quantitative reverse transcription polymerase chain 
reaction

qRT-PCR was utilized to determine relative expression 
of the target genes, such as proto-oncogenes and tumor 
suppressor genes, as shown in Table 1. The SYBR® Green 
PCR Master Mix (Applied Biosystems, Germany) and 
the 7500 Real-Time PCR System (Applied Biosystems, 
Germany) were used. 10 μl master mix, 1 μl of each forward 
and reverse primers at the concentration of 400 nM and 1-8 μl 
cDNA and RNase free water, in relation to the input-amount 
of RNA, were mixed together. Cycling steps were executed 
as follows after activation of uracil-DNA glycosylase (50˚C 
for two minutes) and DNA polymerase (95˚C for 2 minutes): 
95˚C for 15 seconds and 60˚C for 1 minute (40 cycles). 
Absence of primer dimers was confirmed by checking 
dissociation curves. cDNA-selective primers were collected 
from Harvard primer database (https://pga.mgh.harvard.edu/
primerbank) and were supplied by TIB Molbiol (Germany). 
All samples were measured as triplicates. 18S rRNA was 
used as housekeeping gene. The comparative CT (ΔΔCT) 
method was used to calculate relative transcription levels of 
the target genes. The control group was defined as 100%. 
Primer sequences are as shown in Table 1. The experiments 
were performed in five replicates.

 Table 1: Quantitative reverse transcription polymerase chain reaction
 (qRT-PCR) primer sequences. All primers were obtained from Harvard

primer bank (https://pga.mgh.harvard.edu/primerbank/)

Gene Primer sequence (5ˊ-3ˊ)

VIM F: GACGCCATCAACACCGAGTT
R: CTTTGTCGTTGGTTAGCTGGT

RHOA F: CTCGCTCAGTGCGAAGACAA                                       
R: CATTCTCTGACGACATTTTCCCT

BRCA1 F: GCTCGTGGAAGATTTCGGTGT
R: TCATCAATCACGGACGTATCATC

ERBB2 F: CCTCTGACGTCC ATCGTCTC
R: CGGATCTTCTGCTGC CGTCG

RAB27A F: GCTTTGGGAGACTCTGGTGTA
R: TCAATGCCCACTGTTGTGATAAA                       

MAPK1 F: TACACCAACCTCTCGTACATCG
R: CATGTCTGAAGCGCAGTAAGATT

VEGF F: AGGGCAGAATCATCACGAAGT
R: AGGGTCTCGATTGGATGGCA

18S rRNA F: ATGGCGGCGTCTGTATTAAAC
R: AGAACCATATCGCTCCTGGTAT

Western blotting
Protein and RNA isolations were simultaneously 

performed using the AllPrep DNA/RNA/Protein Mini© 
Kit, as described above. The flow-through preserved 
from the respective elution step, described above, was 
mixed with an equal volume of the buffer APP© from the 
extraction kit and kept for 10 minutes at room temperature 
after meticulous mixing for protein precipitation. The 
suspension was centrifuged for 10 minutes at maximum 
speed and the supernatant was carefully pipetted off 
to obtain a protein pellet. The pellet was dried at room 
temperature for 10 minutes. The pellet was next dissolved 
again in 100 μl of the buffer ALO© and heated to 95˚C for 
this purpose. The solution was centrifuged again at full 
speed for one minute to remove remaining precipitates 
and debris. The protein solution was frozen at -20˚C 
until further use. Gel electrophoresis, transblotting and 
densitometry were performed according to the standard 
protocols. Isolated protein was incubated for 10 minutes 
with sodium dodecyl sulfate (SDS)-gel loading buffer 
(consisting of 1 M Tris base, pH=6.8, 1% clycerol, 
10% SDS, 0.1% bromophenol blue freshly added to 
0.05% β-mercaptoethanol and 1% protease inhibitors, 
all purchased from Roche, Germany). The samples 
were denatured at 95˚C for five minutes. Afterwards, 
the probes were loaded together with the prestained 
page rule (Thermo Scientific, USA) onto a 10% SDS-
polyacrylamide gel followed by electrophoresis and 
semi-dry blotting onto 0.45 μm nitrocellulose membranes 
(Whatman, Germany). Primary antibodies were used 
in blocking reagent with following dilutions: rabbit 
polyclonal anti-vimentin (1:2000), rabbit polyclonal anti-
RhoA (1:500), rabbit polyclonal anti-Her2 (1:1000), rabbit 
polyclonal anti-RAB27A (1:1000), rabbit polyclonal anti-
MAPK1 (1:1000), all obtained from Origene, USA, as 
well as rabbit polyclonal anti-BRCA1 (1:10000, Milipore, 
USA), rabbit polyclonal anti VEGF-A (1:1000, Thermo 
Fisher, USA). All antibodies were certified for western 
blot reactivity in human specimens by the suppliers. 

The secondary antibody was included in the “BM 
Chemiluminescence Western Blotting Kit mouse/rabbit” 
(Roche, Germany). The blots were stripped at 50˚C for 
30 minutes with stripping buffer (Restore Western blot 
stripping buffer, Thermo scientific, USA), washed and 
re-incubated with anti-GAPDH antibody (1:1000, Cell 
Signaling, Germany). Blots were analyzed by the Alpha-
Ease® FC Imaging System (Alpha Innotech, Germany). 
The experiments were performed in three replicates.

Statistical analysis
All statistical analyses were done using SPSS 21.0 (SPSS, 

Inc., USA, 2012). The groups were tested with the Mann-
Whitney U test. The data are shown as means ± standard 
deviation (SD). A P<0.05 was considered significant. 

Results
A simulated average gravity value as low as 0.003 g was 

calculated by the RPM software. 

https://pga.mgh.harvard.edu/primerbank
https://pga.mgh.harvard.edu/primerbank
https://pga.mgh.harvard.edu/primerbank/
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Light microscopy
After 24 hours, formation of smaller spheroids, consisting 

of approximately 10-20 cells, was observed (Fig.1A). After 
five days, a considerable number of cells had detached 
from the culture surface, forming cluster shaped spheroids 
consisting of 30-50 cells (Fig.1B). Breast cancer cells 
showed rounded morphology with no obvious signs of 
impaired viability, according to preliminary trypan blue 
staining. This shows good cell viability without significant 
difference between the cells at 1g and those under simulated 
microgravity (data not shown). In the control group, under 
1g conditions, the cells showed typical flat morphology with 
rectangular to hexagonal borders, attached to the culture 

surface (Fig.1C). 

Confocal microscopy
After five days, the breast cancer cells showed under 

microgravity spherical rearrangement of actin filaments 
with accentuation of the filaments in the region of cell 
membrane (Fig.2A). In the adherent cells under simulated 
microgravity, a tendency towards spherical orientation of 
the actin filaments could be observed, while that is less 
pronounced than spheroids (Fig.2B). Under the condition 
of 1 g, actin filaments were arranged in a longitudinal 
manner with more uniform distribution of the filaments 
inside the cytoplasm (Fig.2C). 

Fig.1: Analysis of spheroid formation of breast cancer cells under simulated microgravity (0.003 g) after one and five days, under light microscopy. A. 
Formation of small spheroids can be observed after 24 hours, B. After 5 days, size of the cluster to tubular shaped spheroids increased, while part of the 
cells remained attached to the culture flask surface, and C. In the control group under 1 g conditions, the cells showed typical shape with flat morphology 
and rectangular to hexagonal borders (scale bar: 50 µm).

Fig.2: Actin staining of breast cancer cells. A. In the spheroids under simulated microgravity, actin filaments arranged in a spherical shape with accentuation 
in the area of the cell membrane, B. In the adherent cells under simulated microgravity, spherical orientation beginning of the actin filaments was 
observed, and C. In the 1 g control group, actin filaments were arranged in a longitudinal manner with uniform distribution among the cytoplasm (scale 
bar: 25 µm).

B CA

B CA
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Quantitative reverse transcription polymerase chain 
reaction 

After five days, VIM as a component of the 
cytoskeleton showed significantly up-regulated gene 
expression in the both attached cells and spheroids 
(3.3x and 3.6x respectively, P<0.05 each, Fig.3A). 
Correspondingly, RHOA, as a marker of cytoskeleton 
differentiation, also showed significant up-regulation 
in the both attached cells and spheroids under 
simulated microgravity (3.2x and 3.9x respectively, 
P<0.05 each, Fig.3B). BRCA1 gene showed 
significant up-regulation in the both adherent cells 
and spheroids, compared to the control with 1 g 
(2.1x and 4.1x respectively, P<0.05, Fig.3C). ERBB2 

showed no significant up-regulation in the adherent 
cells under microgravity, while it was significantly 
up-regulated in the spheroids (2.4x, P<0.05, Fig.4A). 
RAB27A, as a KRAS-related control gene, showed no 
significant up-regulation in the both attached cells 
and spheroids under microgravity (Fig.4B). MAPK1, 
as a marker of proliferation and differentiation, 
showed significant up-regulation in the both adherent 
cells and spheroids under microgravity (3.2x and 
3.0x respectively, P<0.05 each, Fig.5A). VEGF 
showed down-regulation in the both adherent cells 
(under simulated microgravity) and spheroids (0.67x 
and 0.60x respectively, Fig.5B), while it was not 
significant different (P=0.056 each).  

Fig.3: Alteration in gene expression and protein production under simulated microgravity. A. VIM as a component of the cytoskeleton showed significantly up-regulation in the 
both attached cells and spheroids, after five days (3.3x and 3.6x respectively, *P<0.05 each). VIM up-regulation was accompanied by increased vimentin protein production, 
B. RHOA also showed significant up-regulation in the both adherent cells and spheroids, under simulated microgravity (3.2x and 3.9x respectively, *P<0.05 each). In contrast, 
RhoA protein content was not increased under simulated microgravity, and C. BRCA1 showed significant up-regulation in the both adherent cells and spheroids (2.1x and 4.1x 
respectively, *P<0.05 each). BRCA1 protein content was not significantly increased, as shown by western blot. 

Fig.4: Alteration in gene expression and protein production under simulated microgravity. A. ERBB2 showed significant gene up-regulation (2.4x, *P<0.05) in 
the spheroids, compared to the 1 g control group, while the corresponding protein production was not increased under microgravity and B. RAB27A showed no 
significant change in gene expression of the both adherent cells simulated under microgravity and spheroids. There was no change in Rab-27a protein content. 

B CA

BA



Cell J, Vol 22, No 1, April-June (Spring) 2020111

Strube et al.

Fig.5: Alteration in gene expression and protein production under simulated microgravity. A. After five days, MAPK1 showed significant up-regulation 
in the both adherent cells and spheroids under simulated microgravity (3.2x and 3.0 respectively, *P<0.05 each). Gene up-regulation was confirmed on 
protein level by western blot and B. VEGF was down-regulated under simulated microgravity in both gene expression and protein levels, but the values 
were not statistically significant.  

Western blots
In line with VIM gene overexpression, analysis of 

western blot showed up-regulation of vimentin protein 
(Fig.3A). In the case of RHOA, protein expression level was 
attenuated under simulated microgravity gene (Fig.3B). 
Although BRCA1 gene expression was significantly up-
regulated in the adherent cells and spheroids, western blot 
analyses showed approximately similar protein levels 
for adherent cells, spheroids and the control (Fig.3C). 
ERBB2 gene expression was significantly up-regulated in 
the spheroids, while the respective protein bands showed 
approximately equal intensities for all groups (Fig.4A). 
Rab-27a showed no changes in protein levels of the three 
groups, similar to the related gene expressions (Fig.4B). 
MAPK1 showed increased protein levels in the two 
simulated microgravity groups, which was consistent to 
the respective up-regulated gene expressions (Fig.5A). 
VEGF protein was decreased in both groups under 
simulated microgravity, compared to the control group 
(Fig.5B). 

Discussion 
Breast neoplasms are common malignancies. Thus, 

in terms of developing new treatments, researches on 
the cell culture level could be a valuable tool. It is well 
known that the cells tend to change their morphology, 
behavior and phenotype after being released from their 
in vivo environment and put into a 2D culture condition. 
By applying simulated microgravity, we could observe 
considerable changes in morphology, cytoskeleton 
arrangement, gene expression and protein synthesis 

compared to the 2D environment. For this study, five 
days investigation was selected, due to the following 
reason: preliminary experiments had shown that CRL-
2351 cell line was relatively fast-growing and needed 
medium renewal after five days, according to the both 
vendor´s recommendations and our own observations. 
Furthermore, the cells showed almost complete confluence 
and the necessity of passaging after five days. We aimed 
to avoid medium change, because this maneuver would 
interrupt simulated microgravity and disturb its effects 
to particular degree. Therefore, five days was the longest 
period that this cell line could continuously be exposed to 
interruption-free simulated microgravity.

Compared to the several other studies utilizing 2D 
rotating clinostats, we used an RPM in this experiment, 
as a device simulating microgravity by 3D movements in 
space. Experiments, comparing the effects of simulated 
microgravity on an RPM with the space outside of earth 
atmosphere on cell cultures, have shown very good 
correlation between these two systems (9). Furthermore, 
we examined a cell line with unique characteristics 
which has not been exposed to microgravity so far, to our 
knowledge. In comparison with the MCF-7 cells, used 
in most of the studies dealing with breast cancer cells 
under simulated microgravity (5, 10, 11), the evaluated 
biologic features of CRL-2351 cell line in this study 
are controversial from many aspects: CRL-2351 cells 
are negative estrogen receptor, so the pathways usually 
associated with estrogen receptor signaling, like MAP 
kinase, will be influenced in a unique, hitherto unknown 
manner. Furthermore, HER2/neu is overexpressed in 

BA
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CRL-2351 cells, in contrast to MCF-7 cells, particularly 
giving us the option to evaluate the effects of simulated 
microgravity on this important prognostic factor. Using 
light microscope, observations showed 3D constitution, 
round to tubular-shaped formations -known as spheroids- 
and reported already from various tumor and somatic cell 
types, such as from tenocytes (12), chondrocytes (13), or 
thyroid cancer cells (14) . 

Another group of the cells under simulated microgravity 
remained adherent to the culture surface, but they showed 
various changes in morphology, gene expression and 
protein production. These cells could either represent a 
transitional state before spheroid formation, or remain in 
this adherent state for reasons still needing to be elucidated. 
In the MDA-MB-231 breast cancer cell line, Masiello et 
al. (15) could observe spheroid formation after 24 and 72 
hours. In other studies, significant deceleration of breast 
cancer cell proliferation, while they are  accumulated in 
the G2 phase, was reported under simulated microgravity 
(11). In the cytoskeleton, we observed a change from the 
longitudinal shape of actin filaments towards spherical 
distribution, accentuated in the region of cell membrane. 
This is in accordance with the results of Kopp et al. who 
reported similar findings for another line of breast cancer 
cells under simulated microgravity (10), and consistent to 
the results of Masiello et al. (15) cited above. To explain 
this phenomenon, a "gravity sensor" has been proposed 
inherited in the cytoskeleton, which is responsive to 
external forces (16). Particularly for the tumor cells, it 
has been reported that their metastatic potential is related 
to actin skeleton arrangement and remodeling (17). 
In addition, to investigate cytoskeleton changes in the 
molecular level, we examined gene expression of VIM 
and RHOA. 

Vimentin is a cytoskeleton compound playing important 
role in the migration and invasion of breast cancer cells. 
Similar to the finding obtained in this experiment, an 
increased expression of VIM has been described as a 
epithelial to mesenchymal transition marker, leading to 
the enhanced invasion and metastasis in breast cancer 
cells. This may be one of the reasons why increased 
expression of VIM in breast cancer contributes to 
chemoresistance and poor prognosis (18). It is required to 
be furher elucidated whether VIM overexpression, under 
simulated microgravity, is indeed a marker of increased 
invasiveness. Thus metastatic potential is increased, or 
it rather reflects loss of surface attachment and spheroid 
formation without changes in metastatic ability. However, 
targeted and selective cytoskeleton derangement in cancer 
cells (e.g. by RNA-interference) could be a potential tool 
in future tumor therapy. As a therapeutic approach in 
this field, microRNA targeting against VIM was shown 
to decrease breast cancer invasion in animal studies (19). 
RhoA is another small GTPase with several functions, 
and it is known to be a key effector in the polymerization 
of actin filaments (20). Hence, we also examined RhoA 
gene and protein expressions. 

In addition to these changes related to the cytoskeleton, 

we observed further various alterations in gene 
expression and corresponding protein synthesis. Firstly, 
we normalized qRT-PCR data to 18s rRNA and western 
blot data to GAPDH expression. Although it is not exactly 
known which gene or protein undergoes the least changes 
under simulated microgravity, the indicated housekeeping 
genes look the best option in this experiment, due to 
several reasons: 18s rRNA is known to be very stably 
expressed under many different circumstances and it 
has been used as a housekeeping gene in simulated 
microgravity research by the other groups before (10). 
GAPDH has also been previously used for normalization 
of western blot data in microgravity research by the other 
groups (21). Indeed, the corresponding bands of GAPDH 
protein showed very similar intensity in our experiments. 
In the endeavor to obtain information whether the 
breast cancer cells transform towards a more or less 
malignant phenotype under simulated microgravity, we 
measured a variety of genes known as proto-oncogenes, 
tumor suppressor genes, or those which are related to 
cell proliferation and differentiation. BRCA1, with no 
mutation and with normal function, is a well-known gene 
counteracting genome instability and acting as a tumor 
suppressor gene (22). 

We observed significant overexpression of BRCA1, 
at least on the gene level, in the spheroids. This could 
be indicative of a transformation towards a phenotype 
with improved genomic repair and stability. Further 
experiments are required to evaluate this question in more 
detail. BRCA1 gene expression was even higher in the 
spheroids than adherent cells, while this is not observed in 
the protein level. It is proposed that adherent cells under 
simulated microgravity might be a precursor of spheroids, 
turning into spheroids later.  However, the adherent 
cells also could be an own entity for reasons unknown 
hitherto, remaining them adherent for a long period of 
time or even permanently. In a study, mouse embryonic 
stem cells (mESCs) were exposed to microgravity during 
spaceflight for 15 days. Analysis of this study showed 
down-regulation of BRCA1 gene (23), Although it still 
need to evaluate whether BRCA1 mimics similar tasks 
in mESCs and the breast cancer cells we examined. On 
the other hand, we observed significant up-regulation of 
ERBB2 gene, but not HER2 protein, particularly in the 
spheroids. The cell line we used overexpresses HER2 
anyway from the beginning. HER2 proteins consist 
of trans-membrane growth factor receptors activating 
intracellular signaling pathways. HER2 has been shown 
to play an important role in the pathogenesis of human 
breast cancer, and overexpression of this protein in human 
breast cancer cells is usually related to more aggressive 
behavior. Measurement of ERBB2/HER2 expression 
therefore seems of great interest to us, as this could give 
a hint towards transformation into a more aggressive 
phenotype induced by simulated microgravity. 

As spheroid formation is associated with detachment 
of cells from a confluent 2D state, it is proposed that 
similar mechanisms to metastasis formation from a solid 
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tumor come into action. We therefore measured RAB27A 
gene expression and Rab-27a protein production, 
as it is known to play a crucial role not only in breast 
gland development, but also in breast cancer pathology, 
particularly in modulation of metastatic potential (24). 
As a small GTPase, Rab-27a controls various steps of 
exosome release, and exosome-mediated intercellular 
communication plays a crucial role in the above described 
processes. In our experiments, we could not detect any 
significant alteration in this gene and protein. The reasons 
still have to be elucidated, but a different exposure time to 
simulated microgravity possibly could show expression 
changes in future studies. To our knowledge, we chose 
a negative estrogen receptor cell line in our experiments 
and exposed it to simulated microgravity for the first. 
MAPK1/MAPK1 therefore seem particularly interesting 
measurement targets, as MAPK1 is one of the effectors in 
breast cancer cell estrogen signaling (25). 

We observed significant up-regulation of MAPK1/
MAPK1 on both gene and protein levels under simulated 
microgravity. It has been shown that inhibition of MAP 
kinase pathway can lead to conversion of negative estrogen 
receptor breast cancer cells, as with our experiments, to a 
positive estrogen receptor phenotype (26). Up-regulation 
of that could therefore be either interpreted in the sense 
of the negative estrogen receptor preservation, potentially 
more malignant phenotype, or the MAP kinase pathway 
take over further tasks in the microgravity setting which 
still needs to be elucidated. Despite not obtaining statistical 
significance, down-regulation of VEGF gene expression 
and protein production under simulated microgravity 
is another interesting finding. VEGF is known to be a 
potent endothelial growth factor regulating vascular 
permeability. Particularly, high VEGF expression is 
known to be associated with tumor progression and poor 
prognosis of breast neoplasms in the clinical setting (27). 
So that, VEGF gene and protein expression levels seem to 
be further important targets to evaluate. Anti-VEGF drugs 
(such as bevacizumab) are already administered in cancer 
therapy, and identification of the mechanisms responsible 
for VEGF down-regulation could help pave the way for 
new therapeutic strategies in this area.

Overall, we observed a variety of changes in gene and 
protein expressions. Most of these changes, particularly 
regarding the cytoskeleton, were indicative of a more 
invasive and aggressive phenotype. Up-regulation of 
BRCA1, as a tumor-suppressor gene in the non-mutated 
state, is contradictory to these findings to some extent, 
and significance of that needs to be further investigated. 
Utilizing western blot, a strong correlation was determined 
between alterations of gene expression and corresponding 
protein content in VIM/Vimentin, RAB27A/Rab-27a 
and MAPK1/MAPK1. BRCA1 and HER2 showed 
no detectable increase in protein content, despite up-
regulation in gene expression level under microgravity. 
Surprisingly, there was decreased protein level of RhoA 
under simulated microgravity, despite up-regulation of 
gene expression. There are several possible explanations 

for this observation. One potential reason is the existence 
of several post-translational modifications. Different half-
lives of proteins could be the other potential explanation. 
Rapid degradation of mRNA or delayed protein synthesis 
could also be conceived. RhoA protein, in particular, has 
been reported to undergo significant optional alteration 
in its half-life by post-translational methylation (28). 
Similar reasons my also account for the differences that 
we detected between western blot and qRT-PCR results 
for BRCA1/BRCA1 and ERBB2/HER2. 

Interestingly, another study reported a general decrease 
of protein synthesis under microgravity for the yet 
unknown reasons (29). Simulated microgravity appears 
as an easy-to use and interesting 3D culture model for 
in vitro studies of breast cancer cells. Elongated shape 
of the spheroids resembles natural tumor structure better 
than conventional in vitro culture. Besides, both tumor-
suppressor genes and proto-oncogenes were altered in 
their expressions. Better understanding of the underlying 
mechanisms could help develop new tools to selectively 
influence proliferation, differentiation and invasion of 
breast cancer cells and pave the way for new therapeutic 
options. 

Conclusion
Simulated microgravity induces spheroid formation in 

human breast cancer cells. Here we observed substantial 
changes in cytoskeleton morphology, cytoskeleton related 
gene and protein expression. We also determined change 
in gene and protein expression levels of proto-oncogenes 
and tumor suppressor genes. Our experiments could be a 
step towards a versatile, easy-to handle 3D culture model 
of human breast cancer. It could provide new insights in 
the molecular mechanisms of breast cancer pathogenesis 
paving the way to new therapeutic strategies. 
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Abstract
Objective: microRNAs (miRNAs) play bifunctional roles in the initiation and progression of cancer, and recent evidence 
has confirmed that unusual expression of miRNAs is required for the progress of breast cancer. The regulatory role of 
aryl hydrocarbon receptor (AhR) and its endogenous ligand, 6-formylindolo[3,2-b]carbazole (FICZ) on the expression 
of tumor suppressor miRNAs, miR-22, miR-515-5p and miR-124-3p, as well as their association with the estrogen 
receptor alpha (ERα) were the aims of this study.         
Materials and Methods: In this experimental study, the expression levels of miR-22, miR-515-5p, miR-124-3p and 
miR-382-5p in MCF-7 cells were determined using the quantificational real time polymerase chain reaction (qRT-PCR) 
assay.    
Results: Our results revealed that miR-22, miR-515-5p, and miR-124-3p expressions were significantly increased in 
cells transfected with ERα siRNA. Our data also showed that miR-22, miR 515-5p, and miR-124-3p expression levels 
were significantly increased following FICZ treatment. Here, we found that AhR/ERα cross-talk plays a critical role in 
the expression of miR-22, miR-515-5p and miR-124-3p in MCF-7 cells.     
Conclusion: Overall, our data demonstrated that FICZ, as an AhR agonist could induce the expression of tumor 
suppressor miRNAs, miR-22, miR-515-5p, and miR-124-3p; thus, FICZ might be regarded as a potential therapeutic 
agent for breast cancer treatment.      
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miRNAs 
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Introduction
Breast cancer as a malignant neoplasm originated 

from the breast tissues, is still the most common cause 
of women death worldwide despite advances made in 
both diagnosis and treatment (1).

microRNAs (miRNAs) are single-stranded non-
coding RNAs with small size that regulate some 
of biological processes such as cell proliferation, 
differentiation, migration and apoptosis. miRNAs play 
roles in post-transcriptional modification of mRNAs 
by binding to the 3’-untranslated regions (3’-UTRs) 
through complementary base pairing (2), resulting in 
cleavage/degradation of the mRNA and consequently, 
translational repression (3). miRNAs can function as 
either oncomiRs or tumor suppressors (4). Owing to 
their potential ability to regulate numerous protein-
encoding genes, miRNAs are regarded as a promising 
new target in the development of clinical treatments 
(5). miRNAs were found to be over-expressed in 

various human diseases including cancers (6). miR-22 
regulates estrogen receptor alpha (ERα) target genes 
by direct binding to ERα 3’-UTR region (7) through 
both destabilizing mRNA and inhibiting translation 
(8). miR-22 increases the radiosensitivity of breast 
cancer cells and inhibits tumorgenesis by targeting 
Sirt 1 (silent information regulator 1) (9). Moreover, 
miR-22 down-regulates the proto-oncogene ATP 
citrate lyase which inhibits the growth and metastasis 
of breast cancer cells (10).

miR-515-5p controls cancer cell migration through 
modulation of MARK4 (microtubule affinity-
regulating kinase 4) 3’-UTR region (11). The miR-124 
expression is significantly suppressed in breast cancer 
cells (12). miR-124-3p appears to be a tumor suppressor 
in breast cancer cells and it acts via targeting CBL (Cbl 
proto-oncogene, E3 ubiquitin protein ligase) (13). 
However, the molecular pathways underlying miR-
124 modulatory actions in breast cancer cells are not 
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fully understood. Cyclin-dependent kinase 4 (CDK4), 
a master regulator of the cell cycle belonging to the 
CDK family (14), is identified as a major oncogenic 
driver among the cell cycle components (15); also, 
CDK4 has been found in several tumor types including 
breast (16) and lung cancers (17). It was shown that 
CDK4 is a target of miR-124 (12). 

Development of breast cancer is closely 
associated with estrogen levels in the body. UDP-
glucuronosyltransferase (UGT) is an important class 
of phase 2 drug metabolizing enzymes that plays a 
pivotal role in detoxification of steroid compounds. 
UGTs eliminate estrogen hormones and influence 
estrogen signaling pathway (18). UGT2B isoforms 
are involved in regulating cell proliferation in human 
cancer cells. The UGT2B4, 2B7 and 2B15 isoforms 
are also involved in the glucuronidation of biologically 
active lipids (19). miR-382-5p regulates UGT2B15 
and UGT2B17 isoforms (20). The Ras GTPase 
superfamily member RERG (Ras-related and estrogen-
related growth inhibitor) reduces breast cancer cells 
proliferation and tumor formation. RERG was shown 
to play a regulatory role in the Ras/ERK pathway. 
miR-382-5p directly represses RERG;  therefore, miR-
382-5p promotes viability, survival, migration and 
invasion of breast cancer cells (21). 

The aryl hydrocarbon receptor (AhR) belongs to the 
family of basic helix-loop-helix nuclear transcription 
factors (22). The AhR downstream targets, cytochrome 
P450 (CYP1) isoforms, play bifunctional roles in 
detoxification or bioactivation of  carcinogens, 
xenobiotics, and physiological compounds such as 
benzo(a)pyrene  and estradiol (23). At the cellular 
level, AhR has functional interactions with signaling 
pathways governing cell proliferation and cell cycle, 
cell morphology, cell adhesion and cell migration 
(24). 6-formylindolo[3,2-b]carbazole (FICZ), a 
derivative of tryptophan (Trp) amino acid, is an 
ideal substrate for CYP1A1, 1A2, and 1B1 (25). 
FICZ also binds the AhR with the highest affinity 
known to date and thus, it reveals the characteristics 
of an endogenous signaling molecule (26-28). 
FICZ stimulates AhR-mediated activation of drug 
metabolizing enzymes such as CYP1A1 that end up 
its activity by generating a negative feedback control 
of its action (22, 25, 27-29).

This study was designed to reveal effects of FICZ, as an 
endogenous AhR ligand, on the expression levels of miR-
22, miR-515-5p, miR-124-3p and miR-382-5p in MCF-7 
breast cancer cell line.

Materials and Methods

Chemicals 

6-formylindolo[3,2-b]carbazole (FICZ) was 

purchased from Syntastic AB, Sweden. 1-methyl-N-
[2-methyl-4-[2-(2-methylphenyl)diazenyl] phenyl]-
1H-pyrazole-5-carboxamide (CH223191) and 
17β-Estradiol (E2), dimethyl sulfoxide (DMSO) were 
bought from Sigma-Aldrich, Germany. All cell culture 
reagents and media were purchased from Invitrogen.

Cell culture and chemical treatments

In this experimental study, MCF-7 cells were 
maintained in 10% fetal bovine serum (FBS)-
supplemented Dulbecco’s modified Eagle’s medium 
(DMEM) containing 100 μg/mL streptomycin, and 
100 IU/mL penicillin under an atmosphere containing 
5% CO2 at 37˚C.  Cells were treated with desired 
concentrations of chemicals, after replacing the growth 
medium with fresh medium without FBS. The final 
concentration of DMSO was 0.1% (v/v).

Small interfering RNA treatments

SiRNA against ERα (Santa Cruz Biotechnology, CA, 
USA) was used for the targeted knockdown of ERα 
protein expression. Non-targeting scrambled siRNA 
(Santa Cruz Biotechnology, USA) was used as a control. 
MCF-7 cells were seeded in 6-well plates and grown in an 
antibiotic-free medium containing 5% FBS. At 50-60% 
confluence, the cells were transfected with 100 nM ERα 
siRNA or scrambled siRNA using lipofectamine 2000 
(Invitrogen, USA) in 1 ml of transfection medium (Santa 
Cruz Biotechnology, USA). After 5 hours, the medium 
was replaced with fresh medium and 3 hours later, the 
cells were treated with DMSO, FICZ (1 nM), E2 (10 nM), 
and CH223191 (10 nM) for 18 hours.

RNA extraction and cDNA synthesis of miRNAs
The TRizol reagent (Invitrogen, Carlsbad, CA, USA) 

was used for isolation of total RNA according to the 
manufacturer’s instructions; then, total RNA was reversely 
transcribed into cDNA by using the RT microRNA Kit 
(EXIQON, Denmark). The ERα mRNA in the cells was 
quantified by using the following primers: 
F: 5´-GTTCTTAGTGGCACATCTTCTG-3´
R: 5´-GAATCCTCACGCTTAGTAACATAG-3´. 
Real-time reverse transcription polymerase chain reaction 
(RT-PCR) amplification consisted of 40 cycles (95˚C for 
5 seconds, 63˚C for 20 seconds, and 72˚C for 30 seconds) 
after an initial denaturation done at 95˚C for 5 minutes 
in an ABI StepOne™ real-time quantitative PCR system. 
The fold change of the miRNA expression was calculated 
by using the 2-ΔΔCt method after normalization against the 
5S rRNA (used as internal control) expression.

Statistical analysis
Statistical significance was determined by one-way 

ANOVA and Tukey test. The results are expressed as means 
± SD for at least three separate (replicate) experiments for 
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each treatment group in the in vitro studies. P<0.05 were 
considered statistically significant.

Results
Effect of ERα on the expression of miR-22, mir-515-5p, 
miR-124-3p and miR-382-5p, in MCF-7 cells

In this study, MCF-7 cells were treated with E2 (10 nM) 
and our results revealed that  miR-22, miR-515-5p, and 
miR-124-3p expressions were significantly increased and  
miR-382-5p were decreased. The expression of miR-22, 
miR-515-5p, and miR-124-3p were respectively 8, 2.46, 
and 2.29 times higher in the ERα-silenced cells than 
scrambled ones (Fig.1).

Fig.1: Expressions of miR-22, miR-515-5p, and miR-124-3p were inversely 
correlated with ERα in MCF-7. The cells were treated with E2 (10 nM) 
and the levels of miR-22, miR-515-5p, miR-124-3p and miR-382-5P were 
measured using real-time RT-PCR. Values are expressed as means ± SE. 
Asterisks denote significant differences (***; P<0.001) between control 
and other treated groups and significant differences (+++; P<0.001) 
between cells treated with siRNA and those treated with scrambled siRNA. 
ERα; Estrogen receptor alpha and RT-PCR; Real-time reverse transcription 
polymerase chain reaction.

Effect of AhR on the expression of miR-22, mir-515-5p, 
miR-124-3p and miR-382-5p, in MCF-7 cells

 MCF-7 cells were treated with an AhR agonist, FICZ 
(1 nM) or an AhR antagonist, CH223191 (10 nM) either 
alone or in combinations, our data showed that the 
miR-22, miR515-5p, and miR-124-3p expression levels 
were significantly increased by FICZ and CH223191 
treatments. The expression of miR-22, miR515-5p, and 
miR-124-3p in FICZ, CH223191 and FICZ+CH223191 
treated groups were respectively 12.55, 7.94, 7.46; 
4.75, 2.21, 3.7 and 8.69, 2.29, 5.27 times higher than 
the control group (Figs.2-4). miR-382-5p expression 
levels significantly decreased in cells treated with FICZ+ 
CH223191 (Fig.5).

Fig.2: Expression of miR-22 was AhR-dependent in MCF-7. The quantitative 
RT-PCR analysis showed that the expression level of miR-22 was much 
higher in the cells treated with FICZ in comparison to control. Values 
are expressed as mean ± SE. Asterisks denote significant differences 
(***; P<0.001) between control and other treated groups and significant 
differences (++; P<0.001) between cells treated with FICZ and the cells 
treated with FICZ+ CH223191. AhR; Aryl hydrocarbon receptor, RT-PCR; 
Real-time reverse transcription polymerase chain reaction, and FICZ; 
6-formylindolo[3,2-b]carbazole.

Fig.3: Expression of miR-515-5p was AhR-dependent in MCF-7. The 
quantitative RT-PCR analysis showed that the expression levels of miR-515-
5p were much higher in the cells treated with FICZ in comparison to control. 
Values are expressed as mean ± SE. Asterisks denote significant differences 
(**; P<0.01 and ***; P<0.001) between control and other treated groups 
and significant differences (+; P<0.05) between cells treated with FICZ and 
the cells treated with FICZ+ CH223191. AhR; Aryl hydrocarbon receptor, RT-
PCR; Real-time reverse transcription polymerase chain reaction, and FICZ; 
6-formylindolo[3,2-b]carbazole.
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Fig.4: Expression of miR-124-3p was AhR-dependent in MCF-7. The 
quantitative RT-PCR analysis showed that the expression levels of miR-
124-3p were much higher in the cells treated with FICZ in comparison to 
control. Values are expressed as mean ± SE. Asterisks denote significant 
differences (*; P<0.05 and ***; P<0.001) between control and other 
treated groups.  AhR; Aryl hydrocarbon receptor, RT-PCR; Real-time reverse 
transcription polymerase chain reaction, and FICZ; 6-formylindolo[3,2-b]
carbazole.

Fig.5: Expression of miR-382-5p was AhR-dependent in MCF-7. The 
quantitative RT-PCR analysis showed that the expression levels of miR-
382-5p were much lower in the cells treated with FICZ+CH223191 in 
comparison to control.. Values are expressed as mean ± SE. Asterisks 
denote significant differences (**; P<0.01) between control and other 
treated groups. AhR; Aryl hydrocarbon receptor, RT-PCR; Real-time reverse 
transcription polymerase chain reaction, and FICZ; 6-formylindolo[3,2-b]
carbazole.

Discussion
miRNAs are stable biomarkers as they have high 

stability in extreme conditions such as low pH and 
high temperatures (30) and are used as prognostic and 
therapeutic tools for breast cancer (31).

In ERα silencing cells, we observed significantly 
increased expression levels of miR-22, miR-515-5p, and 
miR-124-3p. Furthermore, FICZ treatments led to over-
expression of miR-22, miR-515-5p, and miR-124-3p.

miR-22 regulates ERα target genes by direct binding 
to the ERα 3’-UTR region (7) through both destabilizing 
and inhibiting translation of mRNA (8). miR-22 represses 
CD147 expression by directly targeting the CD147 
3’UTR site. miR-22 also indirectly participates in the 
CD147 modulation by down-regulating Sp1. Indeed, 
CD147 is overexpressed in breast cancer tissues, and 
its high expression is correlated with tumor invasion 
and metastasis (32). The transcription factors Sp1 could 
bind to the CD147 promoter and enhance its expression 
as well. In addition, low miR22 levels are significantly 
associated with poor differentiation of breast cancer 
cells. Furthermore, SIRT1 (Sirtuin1) expression levels are 
significantly up-regulated in breast cancer tissues. Since 
miR22 has suppressive effects on breast cancer cells via 
targeting SIRT1, miR22/SIRT1 axis may be used as a 
novel and potential therapeutic target for breast cancer 
treatment (33). 

Sphingo kinase-1 (SK1) mediates cell proliferation in 
cancer cells. miR-515-5p targets SK1 and inhibits breast 
cancer cells growth. Previous studies reported that SK1 
mediates estrogen-dependent tumorigenesis in MCF-7 
cells and estradiol down-regulates miR-515-5p expression 
but increases SK1 activity (34). miR-124 targets Slug 
(SNAI2, transcriptional repressor of E-cadherin) 
and regulates epithelial-mesenchymal transition and 
metastasis of breast cancer cells (35). miR-124 also 
suppresses breast cancer cells growth and motility by 
targeting CD151 (36). Moreover, miR-124-3p inhibits 
tumor metastasis by inhibiting PDCD6 expression.  In 
this regard, miR-124-3p/PDCD6 signaling axis may be a 
potential target for treatment of patients with advanced 
breast cancer.

Our results showed that ERα silencing significantly 
led to miR-382-5p down-regulation. miR-382-5p targets 
UDP-glucuronosyl transferases (UGTs) (20) which are 
involved in the detoxification of estrogen derivatives (18). 
Thus, miR-382-5p down-regulation may enhance estrogen 
detoxification. One of the new findings of the present 
study was that ERα silencing or FICZ treatment led to up-
regulation of miR-22, miR-515-5p, and miR-124-3p. ERα 
suppresses Drosha (one of the main processing enzymes 
in miRNA biogenesis) activity in MCF-7 cells (37). 
Therefore, we suggest that silencing ERα may enhance 
tumor suppressor miRNAs such as miR-22, miR-515-5p 
and miR-124-3p. 

A number of studies reported that AhR-ARNT complex 
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may reduce ERα-mediated transactivation (38) either 
directly by binding the inhibitory site of XRE (iXRE) or 
by employing shared coactivators (39).

Some reports also indicated that ERα can be activated by 
AhR agonists, but not by AhR antagonists (40). However, 
AhR antagonists may exhibit a partial effect.

Conclusion
Our data demonstrated that the overexpression of tumor 

suppressor miRNAs including miR-22, miR-515-5p, 
and miR-124-3p by FICZ, as an AhR agonist, might be 
considered a potential therapeutic approach against breast 
cancer.
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Abstract
Objective: The aim of this study is investigation of Stem cells Technology in The Light of Jurisprudential Documents.        
Materials and Methods: In this analytical-descriptive research, we collected the relevant data through a literature 
search. We have used PubMed, ScienceDirect, Google Scholar, Iranian databases like SID, Iran doc, Iranian law and 
also Islamic resources for this study.    
Results: There are so many controversies about safety of these cells and possible dangers for human body. As in Iran, 
laws of stem cells are not clear.  Elimination of barriers requires drafting laws compatible with regional and cultural 
beliefs of Iranian people. Unfortunately, available laws could not keep up with the advances.     
Conclusion: Iran juridical system should conduct and restrict actions in the area of stem cells technology by gathering 
experts of different political, science, medicine, social and mindful who are familiar with law, according to notions of 
intellectual jurists and legislators, Islam and Shia religious.      
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Introduction
Today, stem cells technology is considered a new 

approach in treatment of diseases and it has brought hope 
for production and recovery of body tissues and organs 
by tissue engineering and regenerative medicine. The 
world’s great tendency for this technology is because 
it is promising approach for treatment of diseases. It is 
predicted that the countries which have this technology 
are going to be internationally rated as powerful countries. 
In parallel with the development of this technology, many 
ethical and religious issues have been raised. Scientific 
developments, usually encounter moral and religious 
issues. The research involving embryo stem cells has 
similar matters in question. Performing experiments on 
human embryo is still a matter of debate. Since the status 
of jurisprudence in Iran in the field of stem cells is not 
obvious and unfortunately the existing regulations could 
not go along with these developments, the development 
of legal and institutional infrastructures is considered as 
the main priority.  In order to develop this technology, it 
is necessary to review the rules of the leading countries in 
the field of cell therapy technology to draft new laws (1). 
In this regard, although Shia jurisprudence does not ban 
these studies, jurisprudential views must be taken serious 
in this regard (2). Although manipulation of human 
embryo is a matter of discussion from Shia jurisprudence 
point of view. In this paper we discussed ethical, legal 
and religious issues about stem cell research and usage 
along with pointing to the research on human embryos 

according to Shia jurisprudence.  

Materials and Methods
This analytical-descriptive research gathered the 

relevant data through a literature search. In this study, 
we described the relationship between the human being 
and his own stem cells based on the Islamic point on 
permission and reverence of stem cells technology. We 
have used PubMed, ScienceDirect, Google Scholar, 
Iranian databases like SID and Iran doc and also Iranian 
law and Islamic resources for this review. 

Stem cells
Stem cells are undifferentiated cells that have the 

ability of proliferation and differentiation into other 
cells of the body and can be obtained from four sources: 
i. Human embryo, ii. Adult tissues, iii. Cord blood and 
iv. Induced pluri-potential stem cells (IPS) which are 
produced from skin cells (fibroblasts) and adult. In 
1998, scientists successfully extracted these cells from 
the human spare embryos remaining unused from in 
vitro fertilization (IVF).  Adult stem cells can be found 
in many specialized tissues including the brain, bone 
marrow, liver, skin, digestive system cord blood can be 
obtained from umbilical cord of new born and IPSs are 
produced by inserting genes in fibroblast cells (3). But 
as these cells have different potencies of proliferation 
and differentiation, some of them may not exhibit the 
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expected performance. Embryonic stem cells have the 
highest power among them that cannot be ignored 

Stem cells are expected to be used for repairing the 
damaged cells of heart, repairing the bone tissues, 
treatment of nerve diseases and lesions, repairing burn 
and skin lesions, improving the pancreas and insulin 
secretion, testing the effectiveness of new medicines, 
practicing transplantation, producing sperm and ovum, 
etc… (4).

Stem cells research in Islamic societies
According to Islam, scientists are not only responsible 

for medical research for treatment of untreatable diseases, 
but they are also responsible for proving the benefits 
of research on embryo for treatment of diseases. Thus, 
related documents proving that justifies researches 
on stem cells according to corresponds with moral-
religious and functional theory in Islamic world, should 
be provided. So, Islamic jurists should evaluate the 
advantages and disadvantages of stem cell research by 
considering Islamic values in relation with the importance 
of moral status of human embryo. There are some debates 
among religious scholars whether embryo possesses 
personhood and moral and legal dignity or not. According 
to moral-divine considerations of the catholic religion, 
the developmental stages of embryo’s growth pass till 
reaching the personality; in this regard transmigration of 
the soul and shaping the personality of the embryo happen 
just after fertilization (5).

Criminal justice system determines the blood money 
(DIAA) of the embryo based on the age of it and the cause 
of abortion. Under some conditions, law considers the 
embryo as a part of the mother’s body (please refer to 
therapeutic abortion law). In the field of IVF technology, 
scholars spiritually discriminate between an implanted 
embryo and supernumerary embryos. In this regard, an 
implanted embryo has the life rights but the supernumerary 
embryo is regarded as an aborted embryo, because it is 
out of the womb and transmigration of the soul did not 
occur. Thus, there is no punishment for discarding of this 
kind of embryo before being placed in womb, using these 
embryos for stem cell researches is allowed because they 
are potential sources of treatment (6).

Islamic jurists don’t permit all aspects of using 
supernumerary embryo because in such permission 
it seems to treat human beings as a product. Human 
embryo contains potential life power and it deserves 
respect but not dignity from the beginning. If the previous 
statement was not right, why should Islamic criminal 
laws assign penalty for intentional abortion in its early 
stages of development but after implantation? The Quran 
description of the development of embryo till ensoulment 
and reaching human dignity is an emphasis on the 
gradualness of establishment of human personhood in 
human embryo (6).

This mysterious issue in Islam is shown by terms used for 
different stages of embryo development from the fertilized 

egg, blastocyst, and embryo in the womb till birth that are 
exactly noted in various religious texts. These texts also 
discuss ensoulment. Checking the majority of religious 
terms used for “abortion” shows related spiritual and legal 
dignity issues with more details. In Shia rules, similar 
to catholic rules, abortion of the embryo is a sin, but in 
contrary to Catholics’ beliefs, some Shia jurists believe 
that human life begins at the implantation time. Some 
people based on the Holly prophet’s statements, believe 
that ensoulment happens at the end of the 4 months (i.e. 
120 days) of pregnancy.

So it can be said that the Quran’s silence about the 
embryo’s dignity has given the jurists the possibility to 
distinguish between the bio and spiritual personality. 
Definition of levels of the embryo development, at least 
in the first 3 months of pregnancy, Jurists consider the 
punishment for abortion of implanted embryos but not for 
laboratory embryos in the IVF clinics and allow the use 
of the supernumerary embryos for stem cells researches. 
Also, as beliefs approve the possibility of the embryo’s 
life in the last stages of embryo development and since 
there is no discussion over the development of spiritual 
capacity of the embryo at first stages, the Islamic jurists 
require moral justification about using embryos for 
extracting stem cells (6). Therefore, according to Islam 
and some scholars, study and research on the embryo 
for therapeutic purposes can be accepted if done before 
ensoulment. 

Stem cells research in Christianity 
Roman and Orthodox Catholics believe that there is 

a connection between humanity and fertilization and 
development continues till human being reach the stage at 
which he could physically and spiritually have a picture 
of God, so all stages of development must be regarded as 
"HOLY". The Roman Catholic Church opposes the use of 
fetus in research and treatment. According to the Catholics, 
human comes to life from the moment of fertilization. 
Therefore, the human embryo is considered as a complete 
human and has the right to live, and all embryos must 
have a chance of development to a complete human and 
be born. Therefore, it is unacceptable to deliberately 
eliminate an embryo, even for medical purposes. The 
IVF process, which normally generates surplus embryos 
with the potency for becoming humans and making 
them a fetal source for research, is not a legitimate 
procedure in the view of Catholic Church. Protestants 
believe in pluralism and they do not have single source 
for making decisions and releasing the divine commands 
to be referred by Christians. Protestant beliefs about 
stem cells should be judged by the conscience of each 
individual. According to them, different people can have 
different ideas on a common topic, and these beliefs 
must be consistent with Christian beliefs. Some protestant 
branches believe that a perfect human is gradually created; 
so, this person may not exist in that primary cell mass and 
some others believe that ensoulment happens after day 14 
of gestational age (7).
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Stem cells researches in Judaism 
Based on the Bible and the Jewish legal rules (Talmud), 

the human identity does not establish at the moment of 
fertilization, but during the growth in the mother’s womb. 
The fetus is a part of mother’s body as long as it is inside 
the mother’s body. Also, at the birth, the fetus is regarded 
as a complete human being similar to his mother. Before 
the first forty days, even as long as the fetus is in the 
womb, it does not have the moral and legal status of a 
person, because according to the Jews, the fetus remains 
as water until the forty days after fertilization (7).

The type of relationship between the human being and 
his own stem cells based on Islamic point of view

At the first glance, the relationship between human being 
and his own tissues and stem cells was not exclusively 
discussed in juridical texts alone but in attachments to 
this topic, organ transplants have been discussed. Since 
tissues and adult stem cells are found in the organs, the 
religious view about the relationship between man and his 
body, is applicable for tissues and stem cells (8). 

Stem cells transplantation, is a new phenomenon; so, 
in juridical texts and traditional laws, it has not been 
discussed; but, contemporary scholars have discussed 
and many of them accept organ transplantation from 
living donor, cadaver and brain dead. Using body organs 
for organs transplants has two ways: auto graft which 
is transplantation of humans own tissue to himself or 
heterograft which is grafting the tissue from a person to 
someone. From jurists’ point of view, transplantation is 
allowed following receiving donor’s consent and in the 
case of living donor permitted if complications of organs 
transplantation are compensated (9).

To answer the question that whether a man is the owner of 
his body and he can sell his body organs, tissues, and cells, 
the Muslim jurists have discussed and it was concluded 
that human body does not have a price thus it cannot be 
sold. If the part of the human body is sold as goods, in fact 
the dignity of human has been compromised (10) based on 
the holy Quran (11). In this respect, selling human parts 
and sale contract is not allowed. Unlike paying a price 
for human part to the donor which is banned, expenses 
of organ transplantation process including the physician, 
hospital, etc. can be paid with no problem but just for 
organ donor who is volunteer of this process, receiving 
money is banned. Late supreme leader of Iran, Emam 
Khomeini (peace be upon him) regarded the person as the 
owner of his body but the ownership was different from 
ownership of properties. However, from this difference 
he does not conclude that the human cannot decide for his 
body, but he believes that a person can decide for his body 
for treatment as he wishes except for the cases in which 
there is a legal or religious prevention (12).

It is obvious that the relationship between the man 
and organs or tissues of the body cannot be in the form 
of benefit rights (13) because the profit right is for the 
lands and properties, thus the profit right cannot be used 

for body organs. Also, according to the definition of 
profit right (14), it cannot be applied for the relationship 
between the man and his organs because for proving this, 
one must be able to transfer the right to use of his organs to 
another person by a contract (usufruct right) so, recipient 
person would be the owner based on transfer the usufruct 
right to him, in fact, everyone from the birth is the natural 
owner of his body organs and this kind of relationship 
indicates that nobody else can be the owner of another 
person’s body organs (13). Concerning the relationship 
between the man and his body organs and cells, there are 
three ideas in Islam that whether the man is able to donate 
his tissue, cells, and organs to somebody else or has the 
permission to sell/buy tissues, cells, and organs.

The relationship of domination and capture
Some jurists indicated that the human has absolute 

power over his body (monarchy) (13, 15). In this way, 
"monarchy" can be used, like people’s absolute power 
on their body which is a logical phenomenon. Like the 
way that human has power over his properties, he also 
has power over his self from any aspect, but based on this 
view point, organ donation can be permitted (16). Also, 
the Islamic rule that says: the people are predominant 
on their properties and lives (17) as a juridical rule 
describes the human "monarchy" on his body. According 
to the monarchy and the effects it has, the term natural 
ownership is better for this relationship (8).

Trust relationship    
Some jurists believe humans are the God’s properties 

trustee and they believe human lacks any ownership of 
his body organs and they believe he does not have any 
ownership even benefits or shared ownership (18). Based 
on the above idea, humans are protectors of their body 
and soul which is against the human freedom authority. 
Additionally, we are allowed to seize body organs to the 
extent that the religion permits while the trustee cannot 
seize but for protection.  

Ownership relationship    
But most of the jurists have called the relationship 

between the human and his body organs an "ownership 
relationship". Based on this idea, some jurists believe that 
in punishment amputation (for example in nemesis or 
theft), the amputated organ belongs to the person whose 
organ has been amputated (19). Overall, from the juridical 
view, human ownership of his body organs is a matter of 
controversy; these debates are expressed and explained 
below:

Formative ownership relationship
Some jurists believe that the existence of something 

depends directly upon the existence of human beings; 
in this regard, if we do not exist they could not exist 
either, they are not separate from us, and so they are our 
properties. Like body organs and five senses that because 
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of the formative ownership that we have on our body, we 
are the real owners of them (20). But it seems that we 
cannot accept this kind of relationship between the human 
and his body organs because human does not have this 
kind of complete ownership and authority on his body, 
while human in religious and juridical sources is banned 
from harming his body (16).

The relation of credit possession
The credit possession established by a clergy jurist or 

common law is determined for the person who is credited 
and its area is also determined.  Therefore, the source of 
this kind of possession is wisdom and common law given 
by the jurist’s signature. Due to the person possession 
on his/her own body organs is a rational thing that is 
discovered through the intellectuals unanimous and their 
practical collusion, and it is not rejected or is defined by 
the jurist who is the one of the intellectuals, so this kind 
of possession agrees the religious law (21). Furthermore, 
unlike the previous statements that says the body organs 
had no fiscal value, today, common law considers a great 
value for it and according to the common law, a kind 
of possession is credited for it. Of course, this problem 
is acceptable by the intellectual just in special situation 
that it does not involve some of harmful possessions, so 
this credit possession lacks free will and unconditional 
authority which primarily is one of the features of the 
right possession. 

At the same time, the credit possession is the result 
of state and forging. So, a forging should be done by a 
jurist or it is created according to the rational basis when 
there is no prevention by the jurist. While it cannot be 
said that this kind of ownership is absolutely accepted by 
intellectuals, although the intellectuals preferred donation 
of organ to another person and they accepted saving 
the life even payment as compensation, from the point 
of view of intellectuals, these are not important reasons 
for accepting the personal ownership of body organs like 
properties; also, it can be the only reason for the personal 
dominance over her/his body organs (16).

Concerning credit possession of people on their body 
organs, it can be said that: first, the source of this it, is not 
issued by clergy scholars but is the rational deduction, and 
in religious contexts this rational basis is not improved 
yet or at least it is uncertain; second, it is assumed that 
acceptance of this idea faces a lot of limitations that turns 
its situation into "dominance right and possession" (8).

The relation of innate possession

Personal ownership of organs can be defined as "the 
relation, dominance or any permanent right that arranged 
between mankind and his/her organs and the legislator 
validated it and with such right, the person can have 
authority of his/her own organs legally, in a way that 
they can benefit from all possible profits and no one can 
prevent them" (13). Most religious scholars approve the 
idea that the human an original ownership of his own 

organs (21, 22).
Intuitional and rational approaches also approve 

such kind of ownership and authority, as the religious 
scholars and law. Many phrases are common in the 
language of religious scholars and law that validate the 
presented relation and significance discussions including 
"protection of the human body integrity" that indicate that 
the legislator respect such dominance and mastery (8).

The religious view on permission of stem cells 
technology
Legit rule and the legitimate law

Legit rule " ESALAT al EBAHA"  means everything 
is acceptable and lawful unless there is a clear order 
against it in Islamic texts. In case there is no reason 
for the permission or prohibition, the law considers it 
"permissible" (23). The law or legitimate rule is also 
equipoised as the legit rule. Based on this rule, human 
has a right of any involvement and occupation of things 
nearby (24).

Legit rule and the legitimate law are the bases for clergy 
scholars to permit new topics of life technology.

The human ownership of their organs and cells
A) With reference to the prophetic tradition "people 

have dominance over their body and property" (25). 
This rule shows the authority of people over their own 
properties and body; thus, people must legally have this 
authority different organs of their body.

B) Sacrifice is praised: "is there anyone who sells his life 
just for God sake? (it resembles Imam Ali (peace be upon 
him) who slept in prophet’s bed in the night of prophet’s 
migration to Madina), and God is compassionate and 
kind with his servants" (26). This verse indicates that God 
gives the option of personhood to human and it is for this 
reason that he takes action of sacrificing for a good reason 
like altruism (27).

According to the first rule, people rightfully own their 
body organs and cells, so they have the right to sacrifice 
it. Based on this view, there is no difference between 
sacrificing and donation of an organ or cells for saving 
the life of a Muslim (22). Concerning this argument, it 
should be said that it is correct according to dominance 
law that everyone has the complete authority on oneself 
and owns properties and they are free; however, the holly 
religion Islam has defined some limit and boundaries for 
this freedom that must have benefit and no harm from this 
freedom, it should be within religious rules framework 
and does not interfere with others rights. The ownership 
of body is limited to the any harm to wealth. Although, 
the person will be recognized with dizziness or dementia 
or any situation that decreases the capacity of the person 
for making decision, this person will be banned from any 
ownership to the body. Furthermore, human authority 
on himself is limited up to wasting his life or making 
harm to an organ and no one is allowed to make harm to 
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himself, but some harms can be tolerated and can help 
others to live better for example blood donation or kidney 
donation. In such cases, this can be considered as sacrifice 
and is accepted (27). 

C) Another proof that can be noted for the person’s 
authority over himself in Islam, is the ability of the person 
to converts nemesis punishment to blood money. 

Thus, altruism is appreciated and advised in Islam 
mostly in properties like food and drink. However, the 
"altruism" can be increased to the level of sacrifice for the 
Muslims. Therefore, a Muslim can donate an organ of his 
body for transplantation for saving another Muslim’s life.

Together, if the reason of transplantation of an organ, 
tissue and cell is that these are person’s properties, after 
cutting them off, they are still his properties and he can 
sell it as he likes; but, selling an organ is not acceptable if 
we believe that organs and cells are not one’s properties, 
but he has the right to use them, and donate them for 
altruistic reasons.

The principle of innocence 
The most Shia jurists believe that whenever after 

gathering justifications and juridical documents, there is 
still doubt in some actions, that action cannot be acceptable 
and should be avoided. Of course, when there are no valid 
reasons for religious scholars on permission or banning 
the usage of stem cells technologies, they approve it. It 
means that, although the jurist may not find a reason from 
the real juridical law and Islamic texts, due to necessity of 
the topic based on scientific documents, the statement is 
given in the absence of an existent cause for forbidding it, 
it becomes permissible (26).

The juridical view on accepting the stem cells 
technology
Changing the divine creation

Mainly, the jurists of Sunni point to changing the 
creation of GOD with the reference to Holy Quran Sura 
Nesa (4th) verses 117-119, which reminded that the 
devil will misguide people and instruct them to change 
God creations: "instruct them to change people" (28). In 
addition to this verse, in another source, it is said that: 
"do not change the people" (29). From both of these 
two verses, the changing God’s creations is forbidden 
(HARAM) (24). By this argument, some Sunni clergy 
scholars state that many new technologies can be obvious 
proofs for changing the God’s creation, so, it is forbidden 
(30).

In response to this argument, it can be said that first, 
the meaning of changing creation in the notable verse 
is shifting and distortion in the right religion and God’s 
world not the absolute changing in creatures (31); second, 
the belief in this argument in general, prevents many 
normal actions that are allowed in Islam religion (32). 
So, there is no benefit in this argument for justification of 
biological or medical issues.

Human does not own his organs
Legislators believe that a person is not the absolute 

owner of his body and this body is just a god-given gift and 
every ownership in this gift needs the owner’s permission 
and the person has the authority to use body parts except 
in some special cases. This reason is disputable from 
different aspects; first, the purpose of the absence of 
man ownership on his own body is not explicitly clear. 
If the meaning of this reason is to prevent commercial 
organ donation, it would be acceptable; but this meaning 
cannot be a respect for body parts; second, does "deposit 
and safekeeping of the body", have the same meaning as 
authority? If it is so, the body of no one is not a deposit 
for them. The last word is that the ownership of the body 
does not prohibit the safekeeping (24).

Argument of "No harm"
The rule of "no harm in Islam" declares that, there is 

no harmful law in Islam meaning that Islamic statements 
have only benefits. The harm is defined as "a defect in 
property and life" and the meaning of loss is “exacerbation, 
restriction, severity and difficulty". This argument is along 
with both ownership and gift argument and a person must 
not harm his body even if he is absolute owner of it (27).

Precaution rule 
Precaution rule maybe is the reason for banning stem 

cell technology; it is justifiable that other reasons and 
religious proofs relevant to this issue, are not sufficient 
for this purpose. Precaution rule, also known as (practical 
rule), is the statement of the jurist or legislature about the 
necessity of considering all possible tasks in cases that the 
task could be trusted and in the source of the task but there 
are doubts about its application in the life (23). On this 
basis, a scholar should act in a way that he was sure about 
application of the task along with the source of it. This is 
opposite of legit rule that says the task is OK when there 
is nothing absolutely against it. 

Discussion
The jurists by considering process of embryo growth 

and evolution, at least in the first three-month of 
pregnancy, study the rules that deny the personhood of 
"supernumerary" embryo before implantation in I.V.F 
clinics and they allowed using the unneeded embryos in 
stem cells research  (5). 

From Islamic jurisprudence point of view, there are 
three theories for the relationship between man and his 
organs and body cells: dominance and ownership relation, 
safekeeping and ownership; according to the meaning of 
dominion, it is clear that between the meaning of dominion 
and the meaning that is presented for the ownership, there 
is not a difference from the nature aspect, so it seems that 
using the ownership word is better for this relationship, 
because dominion is a result or a statement of possession 
commands (8). On the basis of ownership theory, also 
people are just changed to conservators of their own soul 
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and body and this order is against the freedom and person 
authority. Furthermore, we are allowed to take authority 
of our body parts in juridical limitations while a trustee 
does not have the ownership right, except for protection. 
Most jurists that expressed their opinion in this area regard 
the human relationship and his body as a kind of owning 
relation (19) that briefly includes originating ownership, 
credit and innate; according to the originating ownership 
while God is the owner of all the world, we also have a kind 
of originating ownership about organs and parts of body. 
But, the man does not have total authorization over his 
body; also, based on religious and juridical texts, causing 
injury and harm to the body is prohibited (16). About the 
credit possession of the person on body organ, it can be 
said that first, the basis and source of it is thinking because 
that does not have rational basis about the ownership 
on body organs is not proved or it is in doubt; second 
supposing that it is accepted, this kind of ownership faces 
many limitations making it "dominance and possession" 
(8). But, most of jurists agreed innate authority of human 
being on his own body. Intuitional approach and rational 
basis confirmed this kind of ownership and dominance, as 
the jurists and scholars confirmed it (8).

Most of Shia jurists believe in permission and legit. The 
main reference reason toward recognizing a task statement 
for applying these technologies is "legit rule" and the 
"legitimate law". Referring to these rules beside rejecting 
of forbidden reasons and responding to them, make 
permission and legit application for these technologies. 
The statement that relies on the "legitimate law" and "legit 
rule" in new topics in biomedical and biotechnological 
fields, are the first reasoning of Shia scholars leading to 
the permission. Regarding the person ownership over 
his body parts and cells, it can be said that being praised 
of sacrifice cannot be the reason of donation of cells or 
organs. Importantly, in typical affairs, the person has a 
right to prefer others right to oneself. So, a Muslim can 
separate a part of his body and gives it to save another 
Muslim’s life. As a result, if the reason for justification of 
transplanting an organ, tissue and cell is that those body 
parts are donor’s properties, after removing them, they are 
still his properties, and he can sell it in any way he likes; 
but if we don’t consider body parts as properties, and he 
has only the right of using it, there is no right for selling 
body parts for money (31). 

Reasons indicating the absence of permission and 
reverence of this technology include the changing reverence 
in God creation, the absence of human possession on his 
organs, referring to the profitable and harmless law and 
following the precaution rule. In response to the argument 
of change in divine creation, it was said that change in 
creation has been meant distortion in the divine religion 
and nature, and only it has been considered as absolute 
change (31). Second promise to this word in general and 
total is in conflict by many permission of actions that are 
allowed in Islamic religion (32). As a result, it cannot 
be used for confirming reverence and prohibition in this 
topic. Permission in taking authority is enough, even if 

it issued by the real owner. The evidence for this is that 
human being can naturally and continually make several 
changes in his body and organs by jurists’ permission 
and none of these kinds of possession are illegal (24). 
Reasoning to the usage of stem cells technologies makes 
it acceptable, when it is performed carefully and safely. 
These technologies in special situations, maybe are 
harmful and dangerous for people life and society. The 
topic is a matter of discussion that even though from the 
point of view of others, do not contain in jurists tasks; 
however, seeking the religious statement relevant to 
the topic will be different by multidirectional cognition 
of that topic even by using the external knowledge of 
jurists. To sum up, causing harm to the body, is illegal 
and forbidden according to the scholars’ point of view. 
Besides, statements about the need for prevention of harm 
in some juridical subdivisions are also referred by Shia 
juridical. Since it should be considered that the stem cells 
technologies maybe are not safe to use for human, can lead 
to prevent harm argument. Also, resort to precaution rule, 
it is advisable to calculate risk and benefit and consider 
safety of using these technologies before approving them 
although this consideration is not religious (23).

Conclusion
It can be concluded that as currently there are so many 

controversies about safety of these cells and possible 
dangers for human body, till getting new advances and 
clearness of risks and benefits, also discovering prevention 
ways with these dangers and securing the usage of these 
technologies, we should follow precaution rule.

As delay in accepting the stem cells technologies 
deprive human from potential treatments for incurable 
diseases, Islamic scholars and governments should assess 
risks and benefits of stem cells researches to approve 
them. On the basis of Islamic values related to the moral 
status of embryo, and according to the superior moral, 
cultural and religious values of the Islamic society of 
Iran accepted the action towards development of these 
researches.  Iran juridical system should, according to 
notions of intellectual jurists and legislators, Islam and 
Shia religious, conduct and restrict actions in the area of 
stem cells technology by gathering experts of different 
political, science, medicine, social and mindful who are 
familiar with law, philosophy and divinity, also express 
the existence challenges and exit methods, and try to pass 
codes and design guidelines to fill legal and ethical gaps. 
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Abstract
Intellectual disability (ID) is defined as an intelligence quotient (IQ) level below than 70. In the present paper, a 1.16 
megabases (Mb) homozygous deletion in the 8p22 region was identified in a three years old girl with ID, speech and 
developmental delays. This is the first report from Turkey with this form of ID. The present paper demonstrates that 
application of microarray technique to help clinicians, especially when clinical diagnosis includes a complex group of 
disorders (such as ID) and differential diagnostic list is broad.        
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Introduction
Intellectual disability (ID) is an important indicator in 

the differential diagnosis of genetic diseases. ID comprises 
two types: syndromic ID (S-ID) and nonsyndromic ID 
(NS-ID). In S-ID, individuals show one/variousmajor 
dysmorphic finding(s) or co-morbidities in addition to 
ID. In NS-ID, an isolated ID is observed. However, it is 
not always possible to make a clear distinction between 
these two forms (1)also referred to as mental retardation 
(MR. According to the inheritance pattern, it is possible to 
distinguish NS-ID into three main groups: non-syndromic 
X-linked ID (NS-XLID), non-syndromic autosomal
dominant ID (NS-ADID) and non-syndromic autosomal
recessive ID (NS-ARID). Regarding NS-ARID, up
to 2004, four genes had been identified and up to 2011
they extended to eight genes. Currently, about 40 genes
have been recognized corresponding to this group of
abnormalities. One of these genes is the Tumor Suppressor
Candidate 3 (TUSC3) gene. TUSC3 plays a key role in the
N-linked glycosylation process, which is located at the
p arm of chromosome 8, containing 11 exons and it is
approximately 0.22 megabase (Mb) length. The TUSC3
gene-associated NS-ARID has been described to date in
less than 10 families and less than 30 patients (2-4).

Case Report
The study was performed in accordance with the 

Declaration of Helsinki 2013, the principles of Good 
Clinical Practice and Local Ethic Regulation (code: 
28617). Informed consent was obtained for genetic 
analysis of the patient, the publication of patient data and 
photos. 

A three years old child born to healthy 21-years-old 

mother and 23-years-old father with Turkish origin. The 
parents are first degree cousins (Fig.1A). Her birth weight 
was 2950 g (10-25 percentile) and birth length was 49 cm 
(25-50 percentile). Occipitofrontal circumference (OFC) 
at birth was not recorded. The patient was referred to our 
department with intellectual disability, developmental 
delay, speech delay and minor dysmorphic features. On the 
examination, her weight, length and OFC is respectively 
11.7 kg (3-10 percentile), 96 cm (50-75 percentile) and 47 
cm (10-25 percentile). She sat at 22 months, while she is 
not yet able to walk independently and her speech skills 
had not been developed. Minor dysmorphic features, such 
as epicanthus, broad nasal base and thin upper lipare were 
noted (Fig.1B, C). The creatine kinase level of the patient 
was 98 U/L (N: 22-198 U/L). Copy number variation 
of SMN1gene is normal. ID was estimated as severe to 
profound. 

Electroencephalography (EEG), electromyography 
(EMG) and brain magnetic resonance imaging (MRI) 
were normal. Ophthalmological examination revealed 
strabismus. Conventional karyotype analysis shows 
normal female: 46, XX. Chromosomal microarray 
studies were performed with the Affymetrix CytoScan 
Optima (315k; Thermo Fisher Scientific, USA) chips 
from the DNA obtained from her peripheral blood. All 
data were analyzed in the ChAS 3.1 program (Thermo 
Fisher Scientific). Microarray result showed a 1.16 Mb 
homozygous deletion, namely arr[hg19] 8p22(14,701,241-
15,869,703)x0. This region contains the whole TUSC3, 
miR-383 and a portion of the sarcoglycan, zeta (SGCZ) 
gene (Fig.2). Genetic analysis of her mother and father 
showed arr[hg19] 8p22 (14,701,241-15,869,703) x1, 
indicating both parents are heterozygous for this deletion. 
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For confirmation of this deletion in the index patient, 
fluorescence in situ hybridization (FISH) analysis was 
performed with the locus specific probe RP11-165A17 
(Empire Genomics LLC, USA), mapping to 8p22, and 
for the control Vysis CEP 8 (D8Z2) Spectrum Green 

Probe (Abbott Molecular, USA) (Fig.3). These findings 
also validated the heterozygous deletion in the individual 
parents. No similar deletion was observed in any healthy 
woman or man originated from the local population 
(Fig.4).

Fig.1: The patient’s pedigree and observed dysmorphic features are indicated. A. The pedigree, B, and C. Front and lateral views of the patient 
at age 2 years and 8 months shows epicanthus, broad nasal base and thin upper lip.

Fig.2: Homozygous deletion of 8p22 region, composed of the whole TUSC3, miR-383 and a portion of SGCZ gene (Adapted from UCSC Genome Browser).
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Fig.3: FISH technique analysis was performed by the locus specific probe RP11-165A17, designing to 8p22 and demonstrating no signal (red arrows). A 
specific probe for the centromeric region of chromosome 8 was utilized as control (green signals).  

Fig.4: FISH technique analysis was performed with the locus specific probe RP11-165A17, designing to 8p22 (red signals), and a specific probe for the 
centromeric region of chromosome 8 was utilized as control (green signals). A. Mother, B. Father, C. Healthy woman, and D. Healthy man.
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Discussion
In the present paper, a 1.16 Mb homozygous deletion 

within the 8p22 region was identified in a three years 
old girl with ID, speech and developmental delays. 
This is the first report from Turkey, presenting this 
form of ID.

microRNAs are small (containing about 22 
nucleotides) and extremely preserved non-coding 
RNA molecules involved in the arrangement of gene 
expression (5). There is no evidence that miR-383 
plays role in neurodevelopmental processes, but it has 
been shown to play a role in the etiopathogenesis of 
ovarian, stomach, colon, prostate and thyroid cancers 
(6). No malignancy was identified by Piovani et al. (4) 
in the patient with an 8p22 deletion including TUSC3, 
SGCZ and miR-383 regions. Although at the time of 
assessment, there is no evidence of malignancy in 
our patient, we recommend that this case should be 
followed-up in later stages of her life. Since this effect 
is only observed in the homozygous case, other family 
members do not need to be included in the follow-up 
program (2).

Mutations in β, γ, δ and α sarcoglycans have been 
associated with limb-girdle muscular dystrophy, 
myoclonic dystonia and dilated cardiomyopathy, but no 
phenotype relation has yet been reported for SGCZ (7) 
in a proportion of cases, by mutations of the maternally 
imprinted epsilon-sarcoglycan gene (SGCE. This has also 
been implicated by Piovani et al. (4).

The present paper is the first case with deletion of 
whole TUSC3 gene. Mouse studies have shown that 

Tusc3 protein is related to synaptic plasticity, learning 
continuum and memory (8, 9). There are publications 
reporting that this interaction is performed via 
magnesium membrane transport system (10). 
Reduction of TUSC3 functional expression in zebrafish 
embryos results in the early developmental arrest (9). 
The underlying mechanism of ID associated with the 
TUSC3 is mainly attributed to this phenomenon. While 
low TUSC3 protein expression levels are observed in 
the adult brain, high expression levels are detected 
in the fetal brain and cerebellum (2). This effect is 
manifested by ID and developmental delay, observing 
at an early age. Copy number and single nucleotide 
variations in the TUSC3 have been associated with the 
autosomal recessive syndromic or non-syndromic ID. 
Previous clinical studies have presented moderate to 
severe ID, as a common feature in all of these patients. 
Additionally, speech problems, minor dysmorphic 
features and developmental delay was also observed in 
most of these patients (Table 1). Congenital anomalies, 
including syndactyly and undescended testis, were 
also found in less than five patients. Similar to our 
patient, no congenital anomaly was observed in the 
other patients (3, 4, 8, 11, 12). Although many of these 
patients are non-syndromic, presence of the syndromic 
features in a few patients is an indication that this 
distinction is not certain in autosomal recessive ID.
Conclusion

Current paper indicate the extensive implementation 
of microarray technique to assist clinicians, particularly 
in the case of complex disease groups and wide list of 
differential diagnosis.

Table 1: Major clinical features of the previously reported patients and the present case

Findings Garshasbi et al. (8) Loddo et al. (3) El Chehadeh et al. (11) Piovani et al. (4) Al-Amri et al. (12) Present case

Number of patients 7 1 2 1 4 1

Intellectual disability + + + + + +

Speech delay + + + + + +

Microcephaly 1/7 - - NA 3/4 -

Consanguinity Yes No Yes No Yes Yes

Height (length) NA 50p 50p 50p 3-10p 50-75p

Weight NA 25-50p 50p 50p 3-50p 3-10p

Sat with no support NA 18 M 15 M Delayed NA 22 M

Independent walking NA 2 Y 2 Y Delayed 19 M Not yet

Speech NA Delayed Delayed Delayed Delayed No speech

NA; Not available, M; Month, Y; Year, and P; Percentile.
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