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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 Acknowledgments 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.

Conferences:

Name(s) of editor(s). Conference title; Holding date; Holding place. Publication place; Publisher name; Publication date (year).

Example: Harnden P, Joffe JK, Jones WG, editors. Germ cell tumors V.Proceedings of the 5th Germ Cell Tumors Conference; 2001 Sep 
13-15; Leeds,UK. New York: Springer; 2002.

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: Degeneration of dopaminergic neurons in the substantia nigra of the brain stem is the main pathological 
aspect of Parkinson’s disease (PD). 17 β-estradiol (E2) has neuroprotective effects on substantia nigra, however, the 
underlined mechanism is not well-known. In this study, we evaluated the neuroprotective effects of E2 in the ovariectomized 
6-hydroxydopamine- (6-OHDA) rat model of PD. 
Materials and Methods: In this experimental study, all animals were ovariectomized to avoid any further bias in E2 levels 
and then these ovariectomized rats were randomly assigned into three experimental groups (10 rats in each group): 
ovariectomized control group (OCG), ovariectomized degeneration group receiving 25 μg of 6-OHDA into the left corpus 
striatum (ODG), and ovariectomized E2 pretreatment group pretreated with 0.1 mgkg-1 of 17 β-estradiol for three days prior 
to the destruction of corpus striatum with 6-OHDA (OE2PTG). The apomorphine behavioral test and Nissl staining were 
performed in all experimental groups. The expressions of Sequestosome-1 (P62), Unc- 51 like autophagy activating kinase 
(Ulk1), and microtubule-associated proteins 1A/1B light chain 3B (Lc3) genes were evaluated using reverse transcription-
polymerase chain reaction (RT-PCR).        
Results: E2 administration reduced the damages to the dopaminergic neurons of the substantia nigra. The motor 
behavior, the number of rotations, and histological tests in the treatment group showed the cell survival improvement in 
comparison with the control groups indicating that E2 can inhibit the neurodegeneration. P62 and Lc3 were expressed 
in all experimental groups while Ulk1 was not expressed in ODG group. Moreover, Ulk1 was expressed after the 
treatment with E2 in OE2PTG group.                  
Conclusion: E2 prevents neurodegeneration in dopaminergic neurons of the midbrain by over-expression of Ulk1 gene and 
augmenting the induction of autophagy.           
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Introduction

Parkinson’s disease (PD) is a neurodegenerative 
motor disorder that affects 50% of elderly people 
over 85 years old  (1). Although the etiology of PD is 
mainly unknown, some factors such as oxidative stress-
induced mitochondrial damage, which in turn, increases 
the protein aggregations, is the molecular and cellular 
characterization of the disease. Moreover, several studies 
have indicated the relationship between autophagy 
deficiency and neurodegenerative diseases such as PD. In 
this regard, autophagy regulation has been considered a 
strategy for the treatment of neurodegenerative diseases. 

Autophagy is the primary cellular catabolic program 
in response to cellular starvation and degradation of 
the damaged organelles. It is well accepted that 17 
β-estradiol (E2) has neuroprotective effects in many 
neurodegenerative diseases (2). E2 also plays a 
significant role in regulating the MAPK/ERK pathway 
(3). Epidemiological studies have demonstrated 
that men are more prone to PD by a ratio of 3:2 in 

comparison with women and estrogen affects the 
disease onset and the severity of the symptoms 
associated with the disease (4). In addition, it acts 
through the antioxidant system by increasing the brain 
blood flow (5). Some actions of estrogen such as the 
regulation of neurotransmitter function are mediated 
through genomic and non-genomic pathways (6). 

In PD, the degeneration of dopaminergic neurons 
results from the accumulation of aggregated proteins 
caused by oxidative stress in the cell. In fact, autophagy-
mediated degradation of aggregated proteins and 
damaged organelles are disrupted, therefore, autophagy 
may be considered a therapeutic target. As the age 
increases, changes in the lysosomal activity can reduce 
the rate of autophagy in the neurodegenerative diseases 
(7, 8). However, the mechanism of its protective 
actions is still largely unknown, particularly in PD. In 
the present study, the mechanism of E2 in autophagy-
mediated neuroprotection has been investigated in the 
rat model of PD. 
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Materials and Methods
Animals

In this experimental study, rats (female, Wistar) were 
maintained under a 12-12 hours light-dark condition 
at a controlled temperature of the animal laboratory. 
Water and food were available ad libitum for all of 
the animals. All ethical guidelines were followed in 
order to reduce the animal suffering. The study was 
conducted in accordance with the guidelines for 
working with experimental animals set by the Ethics 
Committee (Ethics code: IR.QUMS.REC.1395.67) of 
Qazvin University of Medical Sciences. 

Ovariectomy of animals

In order to remove E2-producing gonads and hormonal 
cycle, the ovaries were both removed under sterile and 
aseptic conditions in all of the animals. After anesthetizing 
with a mixture of ketamine (100 mgkg-1, Sigma-Aldrich, 
Germany) and xylazine (5 mgkg-1, Sigma-Aldrich, 
Germany), the ovaries were removed after 1 cm cutting in 
the skin of the animal. Then, the skin of the ovariectomized 
rats was sutured. 

Development of Parkinson’s disease in ovariectomized 
rats

For the development of Parkinson’s disease in 
the animal model, the ovariectomized rats were 
anesthetized by intraperitoneal injection of a mixture 
of Ketamine (100 mgkg-1) and Xylazine (5 mgkg-1). 
Their heads were then fixed in a stereotaxic device 
in accordance with the coordinates. The coordinates 
were set to 3 mm lateral to the left to cause a lesion, 
4.5 mm abdominal from dura mater and +9.2 anterior-
posterior to the interaural line. Incisor bar was also 
located 3.3 mm below the horizontal line. After fixing 
the animals’ head on the device, the skin can be 
exposed by removing hairs from the head using regular 
razors and scissors. After disinfecting the surgical 
site using Betadine, an incision was created parallel 
to the sagittal plane from a distance between the eyes 
to between the ears, and the scalp was sheared from 
the skull. After finding the coordinates, the bone for 
injection was drilled at low speed in order to protect 
the brain tissue from an injury. In the ovariectomized 
control group (OCG), stereotaxic surgery was 
performed on the rats and 5 μL of saline containing 
0.2 % of ascorbate was injected into the left corpus 
striatum. In the ovariectomized degeneration group 
(ODG), 5 μL saline ascorbate 0.2% contained 25 μg 
of 6-OHDA was injected into the left corpus striatum 
of rats. The rats in ovariectomized E2 pretreatment 
group (OE2PTG) were pretreated with 0.1 mgkg-1 of 

17 β-estradiol (E8875, Sigma-Aldrich, Germany) for 
three days prior to the destruction of corpus striatum. 
After E2 pretreatment, the dura mater was exposed 

and 5 μL of saline ascorbate 0.2% contained 25 μg of 
6-OHDA was injected into the left corpus striatum of 
rats using a 5-μl Hamilton syringe. 

Behavioral tests

The behavioral test was performed on the rats in the 
three experimental groups before the surgery and four 
weeks afterward. Behavioral tests were carried out by 
intraperitoneal injection of apomorphine hydrochloride 
(Sigma-Aldrich, Germany) with a dose of 2.5 mgkg-1. 
Ten minutes before the surgery (baseline) rats were 
kept in a cylindrical transparent chamber made of 
glass with the diameter of 33 cm and the height of 35 
cm. After injecting medication, the total 360-degree 
rotation was measured manually for 60 minutes at the 
intervals of 10 minutes. The number of contralateral 
(opposite the lesion site or to the right) and the number 
of ipsilateral rotations (toward the lesion site or to the 
left side) were considered the positive and negative 
numbers, respectively. The net number of the rotations 
was calculated after subtracting rotations from two 
directions. 

Nissl staining in experimental groups

By intraperitoneal injection of a mixture of ketamine 
(100 mgkg-1) and xylazine (5 mgkg-1), rats were 
anesthetized at the fourth week, i.e. after performing 
the behavioral tests. The rats were perfused using 
normal saline and formalin. After perfusion, the brain 
was removed from the skull. For neuronal counts, 
tissue blocks were provided from animals’ substantia 
nigra. Tissue sections with the diameter of 10 μm 
were made from the midbrain at intervals of 2.4 to 2.9 
mm from the interaural point in accordance with the 
Paxinos atlas. The tissue sections were Nissl-stained 
with Cresyl violet solution (0.1%). The neurons in 
the dense part of substantia nigra were counted in 
sections aligned with 4 levels of Paxinos atlas (i.e., 
2.96, 3.2, 3.8, and 4.2) as compared to the center of 
interaural line with the magnification of (×200, ×100). 
At each level, at least two sections were counted and 
the neurons with the cytoplasmic domain were also 
counted. 

Gene expression analysis

The total RNA was isolated from the striatum of each 
animal using Ambion kit (Invitrogen, USA) following 
the manufacturer’s instructions. Each sample of 
the isolated RNA was further treated with DNase I 
enzyme (Invitrogen, USA). The yield and quality of 
the total RNA were assessed using absorbance ratio 
at (260 nm/280 nm) using spectrophotometry and 
denaturing agarose gel electrophoresis. The reverse 
transcription-polymerase chain reaction (RT-PCR) 
was performed using the RevertAid first strand 
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cDNA synthesis kit (Fermentas, Lithuania) according 
to the manufacturer’s instructions. Meanwhile, 
glyceraldehyde-3-phosphate dehydrogenase (Gapdh) 
was used as an internal control gene. The primers have 
been shown in Table 1.

Table 1: The sequence of the primer pairs and corresponding amplicon 
sizes that have been used in this study

Gene Primer (5′-3′) Amplicon size 
(bp)

Ulk1 F: AAGGATTGGAAGGGTGGAGG 195 

R: ATGGGAAGGATGGTGGCTG

Lc3 F: TGTTAGGCTTGCTCTTTTGG 219 

R: GCAGAGGAAATGACCACAGAT

Gapdh F: ATCTGACATGCCGCCTGGAG 154 

R: AAGGTGGAAGAATGGGAGTTGC

P62 F: TCCTACAGACCAAGAATTATGAC 232 

R: TTCTCATGCACTTTCCTACTG

Statistical analysis 

All data were expressed as mean ± SEM (any exception 
is mentioned). Moreover, one-way ANOVA was used 
for the results obtained from investigating apomorphine-
induced rotational behavior in two periods (i.e., before 
and 4 weeks after surgery). One-way ANOVA was used to 
evaluate the mean neurons in the dense part of substantia 
nigra and multiple post-hoc comparisons were performed 
by Tukey’s test between the groups. In addition, Microsoft 
Excel (2017) was used in order to draw the diagrams.  
P<0.05 was considered as a significant statistical 
difference. 

Results 

Apomorphine-induced rotational behavior test

The behavioral test was performed at the 1st and 4th 

weeks of the surgery. The results indicated that the 
rotations before the surgery were 5 ± 0.36, 3 ± 0.39, 
and 4 ± 0.42 (mean ± SEM) meanwhile at 4 weeks 
post-surgery the rotations were 4 ± 0.44, 73.53 ± 1, 
and 183 ± 4.78 for the OCG, OE2PTG and, ODG 
groups, respectively. The rotation results in the ODG 
group suggested the verification of substantia nigra 
degradation in the animal model. Moreover, E2 reduced 
the damage to the dopaminergic neurons of substantia 
nigra which was characterized by improving the 

motor behavior and reducing rotations in the OE2PTG 
group in comparison with ODG group. There was a 
significant difference (P<0.05) of rotations between 
the OCG and ODG groups (Fig.1).  Before the surgery, 
there was no significant difference among the OCG, 
ODG, and OE2PTG groups in the rotations (Fig.1).  

Fig.1: Before the surgery, there was no significant difference among the 
OCG, ODG, and OE2PTG groups in the rotations (P<0.05). 
OCG; Ovariectomized control group, ODG; Ovariectomized degeneration 
group, OE2PTG; Ovariectomized E2 pretreatment group, and *; Indicates 
a  significant difference  between each experimental group with the OCG 
group.

Nissl staining of substantia nigra

The midbrain was separated and after preparing the 
tissue block, neuronal counts were done using Nissl 
staining. The results indicated that the means ± SEM 
for the neurons in the right (normal area) substantia 
nigra for the OCG, OE2PTG, and ODG groups were 
126 ± 3.18, 128 ± 2.73, and 129 ± 2.64, respectively; 
suggesting that there were no significant differences 
among the groups. Moreover, the means ± SEM for 
neurons in the left (degenerated area) substantia 
nigra for the OCG, OE2PTG, and ODG groups were 
120 ± 2.19, 89 ± 1.68, and 49 ± 1.67, respectively 
suggesting a significant (P<0.05) reduction of neurons 
in the groups as compared to control group (Fig.2). 
Progressive degeneration of the nigral dopaminergic 
neurons after 6-OHDA administration was observed 
in ODG group (Fig.2A). In ODG group, the number 
of neurons was statistically less than OCG group 
suggesting the degeneration of neurons in substantia 
nigra by 6-OHDA (Fig.2). In OE2PTG group (Fig.2B), 
17 β-estradiol prevented the neuronal degeneration of 
substantia nigra in OE2PTG group and fewer neurons 
degenerated in comparison with the OCG group 
(Fig.2C). 

Gene expression analysis 

The results of P62, Ulk1, and Lc3 gene expression 
analyses in the three experimental groups indicated 
that P62 and Lc3 genes expressed in all groups while 
Ulk1 was only expressed in ODG group. In OE2PTG 
group after receiving E2, Ulk1 was overexpressed (Fig. 
3). Gapdh was used as an internal control expressed in 
all groups.
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Fig.2: Neuronal counts in the substantia nigra. A. The means of nigral 
neurons in the left and right sides of the three experimental groups have 
been shown. On the right side, there were no significant differences 
among the groups. However, for the left side, a significant difference 
was observed for all groups (P<0.05). Neurons in substantia nigra in the 
left side of the experimental groups with Nissl staining for B. OCG group, 
C. OE2PTG group, and D. ODG group. Abundant neurons existed in the 
substantia nigra and ventral tegmental area of OCG and OE2PTG groups. 
In contrast, the number of neurons was progressively decreased in 
substantia nigra ipsilateral to 6-OHDA injection in ODG group. OCG, ODG, 
ovariectomized E2 pretreatment group (OE2PTG), substantia nigra pars 
compacta (SNc), ventral tegmentum area (VTA) (scale bars: 200 µm).
OCG; Ovariectomized control group, ODG; Ovariectomized degeneration 
group, and *; Shows the statistically significant difference in OCG group 
(P<0.05).

Fig.3: Gene expression results. The P62 and Lc3 expressed in all groups, 
while Ulk1 was expressed only in ovariectomized degeneration (ODG) 
group. In ovariectomized rats pretreated with 17 β-estradiol before 
6-hydroxydopamine injection (OE2PTG), Ulk1 was overexpressed. Gapdh 
was used as an internal control which was expressed in all groups.  OCG; 
Ovariectomized control group.

Discussion 
In the present experimental study, 17 β-estradiol i. 

Improved the motor behavior and reduced apomorphine-
induced rotational behavior, ii. Reduced the degeneration 
of substantia nigra neurons which was induced by the 
neurotoxic effects of 6-OHDA, and iii. Overexpression 
of ULK1 inhibited by 6-OHDA. In this study, 6-OHDA 
injections caused behavioral and tissue changes in 
accordance with PD model development. This model 
for PD is the most common pre-clinical model that has 
been well known due to its effects on the nigrostriatal 
dopaminergic system. 6-OHDA model caused molecular 
changes in the substantia nigra, which is most similar to 
PD characteristics in humans. The biological functions of 
estrogen are mediated by binding to the estrogen receptor 
-α and estrogen receptor-β; by which estrogen has a 
slow genomic mechanism that protects the cells against 
apoptosis and inflammatory reactions and regulates the 
growth factors and neurotrophins and contributes to the 
formation of synapses. 

Studies have also suggested that ovarian removal can 
cause significant behavioral changes in apomorphine-
induced in animals (9). Such changes can be due to the 
reduced number of dopaminergic neurons in substantia 
nigra (10). In addition, these neurotransmitter changes 
following the removal of the gonads can justify the 
nervous system disorder in women after the menopause. 
Another study in ovariectomized rats indicated the 
ability of estrogen to increase the dopamine absorption 
in the nigrostriatal dopaminergic system (11). In a study 
conducted in monkeys, it was observed that more than 
30% of dopaminergic neurons in substantia nigra were 
disappeared 30 days after ovariectomy and estrogen 
prevented the degeneration of neurons within 10 days (12), 

B

A

C
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however, they did not explore the underlying mechanism. 
In a study conducted in vitro model of PD, it was observed 
that estrogen is able to prevent the cell apoptosis against 
6-OHDA toxicity by activating anti-apoptotic proteins 
and inhibiting pro-apoptotic proteins (13). Yet, they did 
not investigate the other estrogen pleiotropic effects. 
Studies have shown that 17β-estradiol mediates its effect 
through the dopamine receptors (14). For the treatment of 
neurological diseases, cell and gene therapy along with 
various methods for the differentiation of mesenchymal 
stem cell and their differentiation into the neurons 
have been widely used (15-18). Moreover, epigenetic 
alteration and sex hormone therapy may be the other 
available treatment options as well. Indeed, studies have 
also indicated that the sex hormones are effective in 
the treatment of other neurodegenerative diseases (19) 
as we showed earlier. Consistent with our study, it has 
been recently shown that 17 β-estradiol can regulate 
autophagy (20). 

Macroautophagy is a conserved protein degradation 
mechanism in which the cargo is surrounded by 
autophagosome and then fused with the lysosome. In the 
initiation phase of autophagy, the first step is the formation 
of autophagosome. ULK1 as an upstream protein starts 
the process of autophagy and is regulated by signals such 
as mTOR, AMP-activated protein kinase (AMPK), and 
glycogen synthase kinase 3 (GSK3) (21). Under the normal 
conditions, mTOR is phosphorylated and negatively 
regulates the complexes such as ULK1, ULK2, ATG101, 
ATG13, and FIP200. As mTOR is inhibited, ULK1 
activation results in activation of ATG13 and FIP200 upon 
the initiation of autophagy. The deficiency in autophagy 
can cause neurodegenerative diseases such as Alzheimer’s 
disease, Parkinson’s disease, and amyotrophic lateral 
sclerosis (22, 23). In PD, phosphorylated α-synuclein is 
fibrillated and accumulated known as Lewy bodies (24). 
The ULK1 has been observed in Lewy bodies. Evidence 
suggests that the downstream protein, LC3,  contributes 
to Lewy body formation. Phosphatidyl ethanolamine-
conjugated form of LC3 (LC3II) is bound to the internal 
surface of autophagosome and acts as a clasp for the cargo 
receptors such as P62 (25). These results indicate that 
autophagy-lysosome system plays a significant role in 
the pathogenesis of PD and Lewy body formation. In the 
present study, 17 β-estradiol increased the expression of 
ULK1 in animals with PD. In another study, 17 β - estradiol 
prevented osteoblast cell death by activating autophagy 
and ER-ERK-mTOR and expressing ULK1 and Beclin-1 
(20). ULK1 plays a significant role in the bingeing of the 
autophagy process. The deficiency in autophagy can also 
cause the abnormal protein accumulations and damage 
to the organelles in neurodegeneration. Since some PD 
models can impair mitochondrial functions, deficiency 
in controlling the mitochondrial quality plays a crucial 
role in the pathogenesis of PD. The studies have shown 
that selective degradation of damaged mitochondria is a 
part of an important homeostasis pathway for controlling 
the organelles quality and mitophagy (mitochondrial 
autophagy) playing a vital role in mitochondrial 

decomposition and maintaining dopaminergic neurons. 
On the other hand, protein accumulation as a cellular 

pathology has been observed in many neurodegenerative 
diseases including PD. In this context, autophagy is 
considered one of the major proteolytic systems which 
can maintain the homeostasis of the cellular proteins. 
ULK1 is required to form autophagosomes in mammalian 
cells. It has been proven that ULK1 and 2 are necessary 
for autophagy. LC3 is one of the autophagic genes that 
its product accumulates in the autophagosome membrane 
and is considered an autophagy marker (25). ATG101 is a 
binding protein for ATG13 which is a part of ATG1/ULK1 
serine-threonine kinase and is required for autophagy 
induction. The ULK1 complex contains ATG13 and 
FIP200 which are required for autophagy initiation. The 
interaction between ATG101 and ATG13 is important for 
the stability and phosphorylation of ATG13 and ULK1. 
Therefore, the lack of ULK1 expression leads to the 
disturbance in the initiation of autophagy.

Conclusion
In this study, the administration of 17 β-estradiol 

led to Ulk1 overexpression and regulating autophagy 
accompanied by the improvement in behavioral and tissue 
of animal model of PD.
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Abstract
Objective: The purpose of the present study was to assess the effects of ellagic acid and ebselen on sperm and oxidative 
stress parameters during liquid preservation of ram semen. 
Materials and Methods: In this experimental study, sixty ejaculates from six mature Merino rams were used. In experiment 1, 
the ejaculates were diluted in base extender contained ellagic acid at 0 (control), 0.5, 1, and 2 mM. In experiment 2, ebselen 
at 0 (control), 10, 20, and 40 μM were added to the extender. Sperm motility, viability, mitochondrial membrane potential, DNA 
integrity, lipid peroxidation (LPO), the antioxidant potential (AOP), and total glutathione (tGSH) were evaluated at 0, 24, 48, 
and 72 hours of preservation.        
Results: Supplementation of ellagic acid at 1 and 2 mM resulted in higher sperm motility and viability at 0 hours of 
storage. Ellagic acid at 2 mM led to higher motility and viability compared to controls after 0, 24, and 48 hours of 
preservation and increased AOP after 24 and 72 hours. Higher tGSH was at 1 mM ellagic acid, compared to control 
after 72 hours. Addition of ebselen at a concentration of 40 μM increased motility at 24 and 48 hours and 10 μM 
produced the same effect after 48 and 72 hours of storage as well as higher viability, compared to the controls after 0 
hours of storage. Sperm DNA integrity was significantly improved after 24, 48, and 72 hours with the addition of ebselen 
at 10 μM, and after 72 hours at 40 μM. Addition of 40 mM ebselen also reduced the LPO levels after 24 hours of storage 
compared to the controls.   
Conclusion: The results showed that supplementation of ellagic acid and ebselen in semen extender has a potential effect 
on sperm and oxidative stress parameters during liquid preservation of ram semen.         
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Introduction 

Artificial insemination is a valuable tool that plays a 
critical role in the reproduction of small ruminants. It 
facilitates the distribution of semen from superior sires 
to a large number of females, allowing the improvement 
of desirable characteristics, e.g. milk, meat, and wool 
production (1, 2). Artificial insemination, which is done 
using fresh, liquid preserved or frozen-thawed semen, 
improves the lambing rate in sheep breeding (1, 3). 
Successful liquid preservation of ram semen is achieved 
by providing the necessary environmental conditions. 
These conditions include: i. The development of extenders 
that keep functional sperm parameters, ii. Minimizing the 
generation of reactive oxygen species (ROS), and the 
prevention of oxidative stress (1, 4).

Ram sperm is more susceptible to ROS than the other 
species due to a higher ratio of polyunsaturated/saturated 
fatty acids and a lower cholesterol/phospholipid molar 

ratio (5). The polyunsaturated fatty acids (PUFAs) 
render the sperm membrane a high vulnerability to the 
sperm membrane to be attacked by ROS resulting in 
functional impairment of the sperm cells (6). The effect 
of ROS generated during the peroxidation of sperm 
membrane lipids leads to poor quality semen, decreased 
motility, damaged DNA, disrupted acrosome reaction, 
and capacitation (7). Normally, the semen contains 
antioxidants, including taurine, catalase, glutathione, 
glutathione peroxidase (GPx), and superoxide dismutase 
that can oppress the lipid peroxidation (LPO) and 
excessive ROS generation (5). However, this endogenous 
antioxidative capacity may be insufficient in preventing 
the LPO during a prolonged storage or an unfrozen 
state (8). Reports have indicated that the addition of 
antioxidants, such as methionine, dithioerythritol, taurine, 
lipoic acid, lycopene, cysteamine, and reduced glutathione 
into the sperm extenders decreased the impact of different 
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oxidants and protected the sperm cells from oxidative 
damage during liquid preservation of ram spermatozoa 
(9-12).

Ellagic acid is a natural phenol compound with a 
polyphenolic structure and a strong antioxidant. The 
cryoprotective and antioxidative properties of ellagic 
acid have been previously reported in a reduction of 
the LPO and increment of the total glutathione (tGSH) 
and GPx levels in rats (13). Also, oral administration of 
ellagic acid has been observed to increase epididymal 
sperm motility and its concentration in rats (14). Ellagic 
acid has also demonstrated the protective effects 
against adriamycin, which has the disrupting effects on 
epididymal sperm quality parameters and the LPO in 
the rat testis (15).

Ebselen (2-phenyl-1,2-benzisoselenazol-3[2H]-1) is 
a seleno-organic molecule which scavenges ROS by 
mimicking the GPx activity (16). Ebselen, with its cyto/
neuroprotective effects, has been observed to reduce the 
DNA damage and oxidative stress caused by hydrogen 
peroxide generated in hamster lung fibroblasts (17). 
Also, ebselen was reported to reduce the LPO levels, 
demonstrating the protective effects in the murine 
cardiovascular system (18). In humans, ebselen has been 
reported to be a substrate for the thioreductase system 
and a mimetic for the GPx activity in the presence of 
glutathione and glutathione reductase (GR) (16).

We found that there has been no research conducted to 
compare the influence of the antioxidants, ellagic acid, 
and ebselen at different doses during liquid preservation of 
ram sperm. Therefore, the aim of this study is to evaluate 
the effects of ellagic acid and ebselen at different doses 
which were added to Tris extender to monitor ram sperm 
motility, viability, mitochondrial membrane potential, 
the DNA integrity as well as oxidative stress parameters 
(total antioxidant potential, lipid peroxidation, and total 
glutathione) up to 72 hours of liquid storage at 5˚C.

Materials and Methods
All chemicals were obtained from Sigma Aldrich (St. 

Louis, MO, USA) unless otherwise indicated. In this 
experimental study, employed protocols were approved 
by the Animal Ethics Committee of the Veterinary faculty 
of Selcuk University, Turkey. 

Animals and semen collection 
The study was conducted at the Bahri Dagdaş 

International Agricultural Research Institute (Konya, 
Turkey) during the breeding season (autumn to early 
winter) 2016. A total number of 60 ejaculates from six 
mature Merino rams (2 and 3 years of age) were collected 
twice a week using an artificial vagina. Ejaculates meeting 
the following criteria were evaluated: a volume of 0.5-
2 mL, a minimum sperm concentration of 2×109 sperm/
mL, and motility of >80 %. Semen samples of six rams 
were pooled and ten pooled samples were used in each 
experiment.

Semen processing and experimental design 
Semen volume was measured with a graduated conical 

tube and sperm concentration was determined using a 
hemocytometer. A Tris-based extender (Tris 297.58 mM, 
citric acid 96.32 mM, fructose 86.66 mM, egg yolk 15 % 
(v/v) at pH=6.8) was used as a base extender. This study 
included two experiments carried out in succession.

Experiment 1: Each pooled ejaculate was diluted in a 
Tris-based extender (37˚C) and divided into four equal 
experimental groups contained ellagic acid at 0 (control), 
0.5, 1, and 2 mM with a final sperm concentration of 
approximately 400×106 cells/mL.

Experiment 2: Ebselen at 0 (control), 10, 20 and, 40 
μM was used as an additive to the extender and the above 
procedure was applied for dividing and extending the 
semen. 

For both of experiments, diluted semen samples with 
antioxidants were kept in 15-mL plastic tubes and cooled 
down from 37 to 5˚C (within one hour) and kept at 5˚C 
during liquid preservation for up to 72 hours. The sperm 
quality and oxidative stress parameters were determined 
after 0, 24, 48, and 72 hours of liquid storage in both 
experiments. The procedure was repeated 10 times for 
each experiment.

Semen evaluation
Evaluation of sperm parameters during liquid preservation 
of ram semen

Motility evaluation 

Sperm motility was measured using a phase-contrast 
microscope (×200 magnification). Five microliters of 
sample were dropped onto a pre-warmed microscope 
slide and then covered with a coverslip. For each semen 
sample, sperm motility was measured in three different 
microscopic fields. The mean of the three successive 
estimations was recorded as a final motility score (19).

Assessment of sperm plasma membrane integrity 
(viability) 

Sperm plasma membrane integrity was assessed using 
a Sperm Viability Kit (SYBR- 14/PI Molecular Probe: 
L 7011 Invitrogen, Carlsbad, CA) following a modified 
protocol from Garner et al. (20). A working solution of 
SYBR-14 was diluted at a ratio of 1:10 with dimethyl 
sulfoxide (DMSO) (Applichem A3006) and propidium 
iodide (PI) was dissolved in distilled water at 2 mg/mL. 
The semen sample was diluted at 1:3 with Tris stock 
solution (Tris 297.58 mM, citric acid 96.32 mM, fructose 
86.66 mM) and then 30 μL of the diluted semen was 
mixed with 6 μL of SYBR-14 and 2.5 μL of PI. The 
sample was mixed and incubated at 37˚C in the dark 
place for 20 minutes. Then, 10 μL of Hancock solution 
was prepared according to the protocol from Schäfer et al 
in order to stop the sperm motion (21). A drop of 2.5μL 
sample was placed on a microscope slide and covered 
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with a coverslip. At least 200 spermatozoa were examined 
at 1000x magnification under a fluorescence microscope 
(Leica DM 3000 Microsystems GmbH, Ernst-Leitz-
Straße, Wetzlar, Germany; excitation at 450-490 nm, 
emission at 520 nm) to evaluate the sperm membrane 
integrity. The sperms exhibiting green-red or red color 
were considered membrane damaged (not viable), while 
those displaying green color were considered intact 
membranes spermatozoa (viable) (22). 

Evaluation of sperm mitochondrial activity 
For the assessment of sperm mitochondrial activity, a 

stock solution contained 5, 5′, 6, 6′-Tetrachloro-1, 1′, 3, 
3′ tetraethyl-benzimidazolylcarbocyanine iodide (1.53 
mM) (T3168 JC-1, Invitrogen, Carlsbad, CA) in dimethyl 
sulfoxide (DMSO) was prepared. The semen sample was 
diluted 1:3 with Tris stock solution. Subsequently, 2.5 μL 
of JC-1 and 2.5 μL PI were added to 300 μL of diluted 
samples and gently mixed and incubated at 37˚C for 20 
minutes in the dark place. Then, 10 μL of Hancock solution 
was added to stop sperm motion. A drop of (2.5 μL) the 
sample was placed on a microscope slide and covered 
with a coverslip. At least 200 sperm cells were observed 
at ×1000 magnification under a fluorescence microscope 
(Leica DM 3000 Microsystems GmbH, Ernst-Leitz-
Straße, Wetzlar, Germany; excitation at 450-490 nm, 
emission at 520 nm) to assess the mitochondrial activity. 
A high level of yellow/orange and green fluorescence in 
sperm midpiece indicated the high and low mitochondrial 
activity, respectively (12).

Evaluation of sperm DNA damage 
Single cell gel electrophoresis (COMET) assay was 

used for the evaluation of sperm DNA damage. The 
semen samples were centrifuged at 600x g for 10 minutes 
at 4˚C and the remaining pellets were resuspended in 
phosphate buffered saline (PBS). Pre-cleaned slides 
were coated with a layer of 1% solution normal melting 
agarose in PBS and dried at room temperature. Eighteen 
microliters of the sperm/PBS mixture were mixed with a 
0.75% solution of low melting agarose (50 μL) and placed 
onto first agarose layer (approximately 1×105 cells). The 
slides were kept at 4˚C for 20 minutes. Then coverslips 
were removed and slides were immersed in lysis buffer 
(2.5 M NaCl, 10 mM Tris, 100 mM Na2.EDTA, 10 
mM Trizma base, 1% N-lauroyl sarcosine, 1% Triton 
X-100, 70 mM DL Dithiothreitol, pH=10.0) contained 
20 μg/mL proteinase K (Vivantis) for 2 hours at 37˚C. 
Then slides were horizontally placed in electrophoresis 
buffer [1X Tris/Borate/EDTA (TBE) buffer, pH=8] and 
electrophoresis was performed at room temperature at 
25 Volts for 20 minutes. Following the electrophoresis, 
slides were air-dried and stained with 50 μL of 8 μg/mL 
ethidium bromide and covered with a coverslip. 

The images of 200 randomly selected sperm nuclei 
were evaluated through a visual observation (×1000 
magnification) using a fluorescent microscope (Leica DM 
3000 Microsystems GmbH, Ernst-Leitz-Straße, Wetzlar, 

Germany). Each image was classified as damaged (sperm 
showing a “comet” pattern possessed a tail of fragmented 
DNA migrated from the sperm head) and undamaged 
(whole sperm heads without a comet tail). All data were 
expressed as the mean percentages of the undamaged 
sperm heads ± SEM (22).

Evaluation of oxidative stress parameters during 
liquid preservation of ram semen 

Diluted semen samples were centrifuged at 800 xg for 
10 minutes at 4˚C and the spermatozoa were washed 
twice with saline through the procedure mentioned above. 
Then, the supernatant was removed, and pellets were 
resuspended in 500 μL of PBS, transferred into a 2-mL 
beaker on ice water and sonicated with a probe (Bandelin 
Sonopuls, Bandelın Electronic HeinrichstraBe, D-12207, 
Gerate-Typ: UW 2070, Pro-Nr. 51900037369.004, Berlin) 
for 10 seconds on ice. This procedure was repeated 5 times 
at intervals of 30 seconds. 10 μL of Butilated Hydroxi 
Toluen (BHT, B-1378) was added to 120 μL of sonicated 
homogenate to avoid further oxidation and stored at -86˚C 
until the LPO assay. The remaining sonicated homogenate 
was centrifuged at 8000 xg for 5 minutes at 4˚C. The 
supernatant was collected and stored at -86˚C until AOP 
and tGSH assays (22).

Determination of AOP, LPO, and tGSH levels 
The AOP, LPO, and tGSH levels were measured with 

the use of the AOP-490TM, LPO-586TM and GSH-420TM 
kits respectively (Oxis ResearchTM, Bioxytech, CA, 
92202, USA) according to manufacturer’s instructions. 
Absorption was measured at 490 nm, 586 nm and 
405 nm for AOP, LPO, and tGSH, respectively using 
a spectrophotometer (UV 2100 UV-VIS Recording 
Spectrophotometer Shimadzu, Japan). The results of the 
AOP assay were expressed as mmol (109 cells/mL), LPO 
and tGSH were expressed as μmol (109 cells/mL) (22). 

Statistical analysis
The test was repeated 10 times for each experiment. The 

results were expressed as the mean ± SEM. The means 
were analyzed by analysis of variance (ANOVA) followed 
by Duncan’s post hoc test to determine the significance in 
all the parameters within all groups using the SPSS/PC 
computer program (Version 15.0, SPSS, Chicago, IL). The 
differences were considered to be statistically significant 
when the P value was less than 0.05.

Results 
Sperm motility, SYBR/PI, JC-1/PI, and the DNA 

integrity rate of Merino ram semen supplemented with 
different concentrations of ellagic acid are shown in Table 
1 and oxidative stress parameters in Table 2. The sperm 
viability, the mitochondrial activity, and the DNA integrity 
are shown in Figure 1. The extender supplemented with 1 
and 2 mM doses of ellagic acid resulted in a higher motility 
and the percentage of viable sperm in comparison to the 
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control groups at 0 hours of storage (P<0.05). Ellagic 
acid at 2 mM led to a higher motility and viability rates 
when compared to controls during 0, 24, and 48 hours of 
liquid storage (P<0.05). When ellagic acid was added, the 
rates of the sperm mitochondrial activity and the DNA 
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integrity were not statistically improved for any of the 
storage periods at 5˚C. Ellagic acid at 2 mM concentration 
increased the AOP activity at 24 and 72 hours and tGSH 
after 72 hours at 1 mM, in comparison with the controls 
(P<0.05). 

Fig.1: Viability, mitochondrial activity, and DNA integrity of ram spermatozoa. A. Sperm viability assessed by SYBR/PI. Sperm displaying green-red or red was 
considered as membrane damaged (not viable), while sperm displaying green was considered to be intact membrane (viable), B. JC-1/PI staining for mitochondrial 
activity. Yellow/orange and green fluorescence associated with midpiece of sperm indicated a high and a low mitochondrial activity, respectively. No fluorescence 
associated with the midpiece of sperm indicated no mitochondrial activity, C and D. Sperm DNA damage assessed using COMET assay. Sperm heads with undamaged 
(arrow) DNA and with damaged (arrowhead) DNA (scale bar: 20 µm).

 Table 1: Mean (± SE) sperm motility, SYBR/PI, JC-1/PI and DNA integrity (%) of Merino ram semen supplemented with different concentrations of ellagic
acid for different storage times at 5oC

Groups 0 hour 24 hours 48 hours 72 hours

Motility JC-1/
PI

SYBR/
PI

DNA 
Integrity

Motility JC-1/PI SYBR/
PI

DNA 
Integrity

Motility JC-1/PI SYBR/
PI

DNA 
Integrity

Motility JC-1/
PI

SYBR/
PI

DNA 
Integrity

Control 79.1 (± 
2.0a)

84.0 (± 
2.8)

71.3 (± 
2.1a)

85.5 (± 
3.3)

70.8 (± 
0.8a)

77.8 (± 
4.6)

64.1(± 
2.6a)

70.0 (± 
7.0)

63.3 (± 
1.6a)

72.5 (± 
6.9)

54.0 (± 
3.8a)

67.6 (± 
5.4)

54.1 ± 
3.9)

56.7 ± 
6.2)

58.9 (± 
5.0)

67.3 (± 
5.8)

0.5 mM 82.5 (± 
1.1ab)

82.6 (± 
4.9)

75.6 (± 
2.5ab)

81.0 (± 
3.6)

73.3 (± 
1.6ab)

75.6 (± 
5.8)

65.9 (± 
4.1ab)

66.8 (± 
5.8)

67.5 (± 
1.1ab)

70.0 (± 
5.1)

58.1 (± 
2.6a)

66.3 (± 
4.6)

61.6 ± 
2.1)

59.3 ± 
6.5)

55.3 (± 
2.2)

67.8 (± 
3.8)

1 mM 85.8 (± 
1.5b)

85.3 (± 
2.9)

78.9 (± 
1.6b)

82.1 (± 
3.0)

73.3 (± 
1.0ab)

80.6 (± 
4.3)

63.1 (± 
3.0ab )

73.0 (± 
2.4)

65.8 (± 
2.0ab)

70.9 (± 
6.8)

58.4 (± 
2.6a)

69.0 (± 
2.6)

57.5 ± 
2.5)

64.1 ± 
7.3)

57.0 (± 
4.1)

70.3 (± 
3.5)

2 mM 85.0 (± 
1.2b)

85.2 (± 
4.9)

78.7 (± 
2.0b)

85.0 (± 
2.4)

75.0 (± 
0b)

78.1 (± 
5.8)

73.0 (± 
1.9b)

76.5 (± 
2.9)

69.1 (± 
2.0b)

71.7 (± 
5.4)

69.4 (± 
2.6b)

78.0 (± 
3.0)

63.3 ± 
1.6)

69.2 ± 
6.2)

64.0 (± 
1.8)

70.5 (± 
2.9)

Means with different letters (a, b) in the same column demonstrate significant differences (P<0.05).

A

C

B

D
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The sperm motility, SYBR/PI, JC-1/PI, and the sperm 
DNA integrity in Merino ram semen supplemented with 
different concentrations of ebselen are shown in Table 3 
and oxidative stress parameters in Table 4. The extender 
supplemented with 40 μM ebselen led to higher motility 
rates in comparison with the control groups at 24 and 48 
hours and at 48 and 72 hours time points with 10 μM. 
Ebselen at a concentration of 10 μM resulted in a higher 

viability rate compared to control group at 0 hours of 
storage. The DNA integrity analysis revealed that ebselen 
provided a better protective effect on the DNA integrity 
compared to other groups at 10 μM after 24, 48 and 72 
hours, and after 72 hours at 40 μM (P<0.05). Regarding 
the biochemical parameters, only a dose of 40 mM ebselen 
reduced the LPO levels during 24 hours of liquid storage 
compared to controls (P<0.05). 

 Table 2: Mean (± SE) LPO (µmol, 109 Cells/ml), tGSH (µmol, 109 Cells/ml) and AOP (mM×109) levels of Merino ram semen diluted with different doses of
ellagic acid at different storage times at 5oC

Groups 0 hour 24 hours 48 hours 72 hours

AOP LPO tGSH AOP LPO tGSH AOP LPO tGSH AOP LPO tGSH

Control 36.0 (± 
5.0)

70.5 (± 
32.9)

2142.5 (± 
802.7)

28.4 (± 
3.1a)

57.7 (± 
8.6)

1808.4 (± 
320.6)

29.89 (± 
4.6)

55.0 (± 
11.5)

1644.0 (± 
184.2)

28.9 (± 
4.1a)

41.4 (± 
5.3)

1024.4 (± 
187.2a)

0.5 mM 66.5 (± 
11.0)

100.8 (± 
84.9)

2087.2 (± 
1135.0)

58.5 (± 
12.4ab)

74.7 (± 
14.5)

1661.7 (± 
276.8)

62.19 (± 
12.1)

67.0 (± 
14.0)

1445.4 (± 
167.0)

63.5 (± 
12.5ab)

84.1 (± 
16.0)

1655.4 (± 
240.1ab)

1 mM 55.1 (± 
10.1)

58.9 (± 
19.7)

2483.0 (± 
978.5)

82.8 (± 
18.8ab)

71.3 (± 
7.5)

2392.0 (± 
479.0)

65.24 (± 
10.6)

53.3 (± 
10.0)

2515.6 (± 
725.0)

65.9 ± 
12.9ab)

78.9 (± 
17.0)

2630.9 (± 
615.3b )

2 mM 83.5 (± 
18.3)

89.5 (± 
31.6)

2494.7 (± 
2203.0)

91.4 (± 
18.2b)

70.6 (± 
17.3)

2197.8 (± 
588.9)

56.75 (± 
12.4)

68.8 (± 
12.0)

1402.9 (± 
131.3)

71.7 ± 
9.7b)

64.2 (± 
15.2)

1718.2 (± 
335.9ab)

Means with different letters (a, b) in the same column demonstrate significant differences (P<0.05).
LPO; Lipid peroxidation, tGSH; Total glutathione, and AOP; Total antioxidant potential. 

 Table 3: Mean (± SE) sperm motility, SYBR/PI, JC-1/PI and DNA integrity (%) of Merino ram semen supplemented with different concentrations of
ebselen for different storage times at 5oC

Groups 0 hour 24 hours 48 hours 72 hours

Motility JC-1/
PI

SYBR/
PI

DNA 
Integrity

Motility JC-1/
PI

SYBR/
PI

DNA 
Integrity

Motility JC-1/
PI

SYBR/
PI

DNA 
Integrity

Motility JC-1/
PI

SYBR/
PI

DNA 
Integrity

Control 89.1 (± 
0.8)

64.6 (± 
2.4)

85.5 (± 
1.3a)

72.0 (± 
1.3)

78.3 (± 
1.0a)

63.0 (± 
1.1)

81.2 (± 
1.8)

58.5 (± 
3.1a)

69.1 (± 
0.8a)

62.8 (± 
1.5)

79.6 (± 
2.3)

51.5 (± 
1.6a)

63.3 ( ± 
1.0a)

59.8 (± 
2.2ab)

72.4 (± 
1.9)

44.0 (± 
2.6a)

10 µM 90.0 (± 
0)

71.5 (± 
1.3)

93.3 (± 
1.8b)

68.2 (± 
1.5)

80.8 (± 
0.8ab)

64.7 (± 
1.7)

83.9 (± 
2.1)

65.3 (± 
1.1b)

73.3 (± 
1.0b)

62.7 (± 
2.2)

80.0 (± 
1.1)

58.0 (± 
0.4b)

69.1 (± 
1.0b)

63.4 (± 
2.7ab)

73.0 (± 
1.5)

54.3 (± 
0.8b)

20 µM 90.0 (± 
0)

65.5 (± 
1.9)

88.3 (± 
0.9ab)

70.3 (± 
2.9)

81.6 (± 
1.0ab)

60.7 (± 
0.6)

81.0 (± 
3.3)

63.0 (± 
0.8ab)

72.5 (± 
1.1ab)

65.1 (± 
1.6)

73.7 (± 
2.7)

54.1 (± 
1.2a)

65.8 (± 
1.1a)

53.7 (± 
1.5a)

70.9 (± 
3.3)

51.1 (± 
1.3ab)

40 µM 90.0 (± 
0)

67.6 (± 
2.6)

88.6 (± 
2.7abc)

71.5 (± 
2.9)

82.6 (± 
1.2b)

61.2 (± 
2.8)

79.3 (± 
1.4)

62.6 (± 
1.7ab)

73.3 (± 
1.0b)

62.7 (± 
1.5)

79.8 (± 
1.4)

53.1 (± 
1.0a)

65.0 (± 
1.1a)

59.0 (± 
0.9b)

70.0 (± 
2.4)

53.3 (± 
4.2b)

Means with different letters (a, b) in the same column demonstrate significant differences (P<0.05).

Table 4: Mean (± SE) LPO (µmol, 109 Cells/ml), tGSH (µmol, 109 Cells/ml) and AOP (mM×109) levels of Merino ram semen diluted with different doses of 
ebselen at different storage times at 5oC

Groups 0 hour 24 hours 48 hours 72 hours

AOP LPO tGSH AOP LPO tGSH AOP LPO tGSH AOP LPO tGSH

Control 43.0 (± 
7.2)

114.9 (± 
25.3)

8088.6 (± 
1784.5)

39.5 (± 
4.3)

310.2 (± 
52.4b)

4860.2 (± 
1063.2)

33.9 (± 
5.4)

204.3 (± 
32.3)

5627.3 (± 
1362.1)

29.9 (± 
4.2)

101.8 (± 
11.9)

5214.2 (± 
1376.6)

10 µM 45.2 (± 
4.5)

156.8 (± 
25.1)

10700.5 
(± 4287.1)

38.5 (± 
8.7)

186.1 (± 
31.2ab)

4276.1 (± 
952.6)

33.8 (± 
5.1)

194.5 (± 
41.5)

6468.4 (± 
1120.8)

24.3 (± 
6.5)

86.5 (±
 9.2)

5626.2 (± 
854.7)

20 µM 28.9 (± 
2.2)

122.3 (± 
67.1)

5411.9 (± 
989.1)

35.6 (± 
3.1)

313.8 (± 
39.1b)

4947.1 (± 
865.5)

24.3 (± 
3.8)

153.0 (± 
21.3)

4790.2 (± 
989.5)

35.7 (± 
6.9)

104.9 (± 
19.9)

4688.7 (± 
1391.9)

40 µM 38.1 (± 
2.0)

171.6 (± 
45.9)

8220.4 (± 
2761.6)

47.7 (± 
6.7)

153.0 (± 
22.9a)

4277.7 (± 
605.6)

37.9 (± 
6.6)

157.4 (± 
17.0)

6198.4 (± 
1804.5)

26.1 (± 
4.8)

92.1 (± 
9.9)

4174.3 (± 
727.7)

Means with different letters (a, b) in the same column demonstrate significant differences (P<0.05).
AOP; Total antioxidant potential, LPO; Lipid peroxidation, and tGSH; Total glutathione.
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Discussion 
Ram spermatozoa are more susceptible to ROS induced 

damages (decreased membrane integrity, motility, DNA 
intactness, and consequently low fertility) due to the 
high amounts of PUFAs in membrane structure (23, 24). 
Supplementation of appropriate antioxidants in semen 
extender prior to liquid storage prevents these damages (10, 
25). The following study was conducted to find out which 
antioxidants demonstrate the highest effective protection 
against the sperm damage during liquid preservation. Our 
results demonstrate an improvement of sperm motility 
owing to the addition of ellagic acid to the extender at 1 
and 2 mM doses. However, at a concentration of 2 mM 
higher effectiveness was shown in extending the duration 
of effective liquid storage.

It is assumed that ellagic acid with its phenolic 
structure may increase the antioxidative capacity by 
protecting against the harmful effects of free radicals. 
Sperm motility is linked to three main factors: 
regulation, structural integrity, and continuity of the 
energy. While the flagellar part is responsible for 
motility, the principal portion of the spermatozoa is in 
charge of hyperactivation (26, 27). However, PUFAs 
in the middle portion render this structure a sensitivity 
to free radical attacks (27). Ellagic acid (at 2 mM 
dose) is thought to protect this functional structure 
of the middle part of the spermatozoa, which consists 
of highly vulnerable PUFAs and improve the sperm 
motility during liquid storage and increase the total 
AOP levels during 24 and 72 hours of storage. 

These results are in accordance with Türk et al. (14), 
who reported the effect of ellagic acid on increase in 
the epididymal sperm motility in rats. In another study, 
Çeribaşı et al. (15) displayed the effects of ellagic acid 
on the ameliorating adriamycin- induced high LPO levels 
and apoptosis in rats. Also, Ömür and Coyan reported 
improving effects of ellagic acid on ram semen after 
freezing/thawing (28). With all the results obtained from 
these studies, it can be postulated that ellagic acid may 
be a powerful antioxidative agent, protecting the cell 
membranes from cryoinjury.

A seleno-organic molecule, ebselen has cyto/
neuroprotective effects through reducing the DNA 
damage and oxidative stress caused by the generation 
of hydrogen peroxide in hamster lung fibroblasts (17). 
In the current study, ebselen (40 μM dose) reduced the 
LPO levels at 24 hours of liquid storage in ram semen. 
In humans, ebselen has been reported to be a substrate 
for the thioreductase system and mimics the GPx activity 
in the presence of GSH and GR (16, 29). The different 
effects of ebselen may be due to cell metabolism since 
ebselen increases the LPO levels in human multiple 
myeloma cells at a dose of 10 mM (30). In the same study, 
ebselen decreased the mitochondrial activity and induced 
apoptosis. In the current study, however, ebselen did not 
affect the mitochondrial activity. As spermatozoa have 22-
75 mitochondria, we speculated that the different effects 

Effects of Ellagic Acid and Ebselen on Liquid Preserved Ram Semen

of ebselen on the spermatozoa may stem from variations 
in the metabolism.

During liquid storage, with the extension of time, the 
motility, viability, and the DNA integrity rates were 
decreased. It was observed that ebselen improved the 
motility and the DNA integrity rates. It can be argued 
that a positive effect of ebselen on sperm motility is 
mediated via the retention of the DNA integrity, rather 
than the reduction of the LPO levels. Furthermore, the 
LPO may not be a major factor influencing the sperm 
motility during the cooled storage. This is in contrast to 
the findings of Baumber et al. (31) who demonstrated 
a markedly decline in equine sperm motility associated 
with ROS. This study was contradicted to those that 
indicate supplementation of boar and canine semen 
with antioxidants increases the sperm motility through 
the prevention of ROS generation (32, 33). The 
different observations in the susceptibility of sperm 
to oxidative stress may be due to the differences in 
experimental methodology and animal species. 

Conclusion 
Ellagic acid at 2 mM led to a higher motility and 

viability rates compared to the controls during 0, 24 
and, 48 hours of liquid preservation. Ebselen led to 
a higher motility rate in comparison to the control 
groups at 24 and 48 hours at a dose of 40 μM and after 
48 and 72 hours at 10 μM. The DNA integrity analysis 
showed that ebselen provided a protective effect on 
DNA integrity in comparison to the other groups for 24, 
48, and 72 hours at 10 μM, and for 72 hours at 40 μM. 
Only a dose of 40 μM ebselen reduced the LPO levels 
during 24 hours of liquid preservation, compared to 
the control group. Ellagic acid led to increasing in the 
AOP activity in comparison to the control groups after 
24 and 72 hours at 2 mM and increased tGSH after 72 
hours at a concentration of 1 mM. Addition of these 
antioxidants prior to the freezing process is suggested 
to enhance the sperm liquid storage techniques in the 
sheep breeding industry. Furthermore, future research 
should focus on a better understanding of the molecular 
and biochemical mechanisms of the cryoprotective 
effects of antioxidants, such as ellagic acid and ebselen 
in a cooled storage of ram semen.
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Abstract
Objective: The purpose of this study was to evaluate in vitro cytotoxicity of gold nanorods (GNRs) on the viability of 
spermatogonial cells (SSCs) and mouse acute lymphoblastic leukemia cells (EL4s). 
Materials and Methods: In this experimental study, SSCs were isolated from the neonate mice, following enzymatic 
digestion and differential plating. GNRs were synthesized, then modified by silica and finally conjugated with folic acid 
to form F-Si-GNRs. Different doses of F-Si-GNRs (25, 50, 75, 100, 125 and 140 µM) were used on SSCs and EL4s. 
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) proliferation assay was performed to examine the 
GNRs toxicity. Flow cytometry was used to confirm the identity of the EL4s and SSCs. Also, the identity and functionality 
of SSCs were determined by the expression of specific spermatogonial genes and transplantation into recipient testes. 
Apoptosis was determined by flow cytometry using an annexin V/propidium iodide (PI) kit.        
Results: Flow cytometry showed that SSCs and EL4s were positive for Plzf and H-2kb, respectively. The viability 
percentage of SSCs and EL4s that were treated with 25, 50, 75, 100, 125 and 140 µM of F-Si-GNRs was 65.33 ± 3.51%, 
60 ± 3.6%, 51.33 ± 3.51%, 49 ± 3%, 30.66 ± 2.08% and 16.33 ± 2.51% for SSCs and 57.66 ± 0.57%, 54.66 ± 1.5%, 39.66 
± 1.52%, 12.33 ± 2.51%, 10 ± 1% and 5.66 ± 1.15% for EL4s respectively. The results of the MTT assay indicated that 100 
µM is the optimal dose to reach the highest and lowest level of cell death in EL4s and in SSCs, respectively.                
Conclusion: Cell death increased with increasing concentrations of F-Si-GNRs. Following utilization of F-Si-GNRs, 
there was a significant difference in the extent of apoptosis between cancer cells and SSCs.         

Keywords: Acute Lymphoblastic Leukemia Cells, Cytotoxicity, Folic Acid, Gold Nanorods, Spermatogonial Cells 
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Introduction
Cancer is a disease that grows fast and out of control 

which is capable of spreading and growing anywhere in 
the body. The incidence of childhood cancer is annually 
141 per million in the USA. In Iran, Cancer is the third 
cause of death (1). Childhood cancer is a treatable disease 
due to the development of chemo- and radiation therapies, 
but long-term survivors may be suffering from infertility. 

Cytotoxic factors and radiation impair spermatogenesis 
cause oligospermia or azoospermia as well as genetic 
damage in sperm. An approach to overcome this problem 
in a child with leukemia or other metastatic cancers is the 
use of fresh or cryopreserved testicular cells that are not 
infected with cancer cells (2). After treating cancer in these 
patients, spermatogonial stem cell (SCC) transplantation 

into the testes can potentially restart spermatogenesis (3). 

The number of transplanted stem cells is critical for 
the effectiveness of the transplantation technique (4) 
and stem cell enrichment for transplantation may be 
necessary (5, 6). On the other hand, with leukemia or 
any kind of childhood metastatic cancer, there is a risk 
of contamination of SSCs with cancer cells. In addition 
to SSC manipulation (enrichment, purification and 
cryopreservation), decontamination of cancer cells from 
testicular suspension may be necessary and unavoidable 
for patients at risk before autotransplantation (7, 8). 

Cell sorting is a good method to decontaminate  cancer 
cells from normal cells. These approaches include 
immunomagnetic (MACS) and immunofluorescent 
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(FACS)-based strategies, but sorting does not properly 
remove contaminated cells in all cases (9, 10). Shabani et 
al. (7, 11) applied cisplatin before cell sorting to eliminate 
contaminated malignant cells from germ cells. They 
discovered that treatment with effective doses of cisplatin  
was useful in the isolation of SSCs from tumour cells. As 
a suggestion, applying gold nanoparticles (NPs) may be 
beneficial to remove malignant cells before cell sorting.

Gold NPs play a great role in cancer treatment because 
their exposure to UV and infrared radiation destroys 
cancer cells through the production of heat. They also 
increase the lifetime and delivery of drugs such as 
anticancer drugs that are very insoluble or unstable in the 
biological environment (12). Therefore, gold NPs may 
be used in chemotherapy, photothermal therapy (PTT), 
radiation therapy (RT) and photodynamic therapy (PDT) 
(13, 14). 

Examples of GNPs are gold nano cages (GNCs), gold 
nanorods (GNRs), and gold nanospheres (GNSs). Among 
them, GNRs have been shown to be the most efficient 
NPs at absorbing near-infrared (NIR) light and converting 
that energy to heat (15) which  could be at least 6X more 
effective than gold nanospheres or nanoshells (16). 
Nowadays, for selectively targeting cancer cells, a specific 
binding site on the surface of the cell, such as a receptor, is 
used (17). A more effective and active targeting system is 
needed to increase intracellular uptake of NPs containing 
drugs by cancer cells in the tumor site. Different ligands 
such as vitamins, hormones  and monoclonal antibodies 
against tumor cell-specific receptors have been loaded on 
the surface of NPs to deliver them into cells via receptor-
mediated endocytosis (18). Among them, the vitamin 
folic acid (folate) has been  extensively used as the best 
target for different anti-cancer drugs (17, 19). In order 
to enhance stability of gold NPs thermodynamically and 
chemically, silica coating has been used (20, 21). 

Xia et al. (22) used F-Si-GNRs on A549 cells and HeLa 
cells. They show that uptake of NPs into HeLa cells via 
receptor-mediated endocytosis was more efficient than 
folate receptor-deficient A549 cells. Huang et al. (23) 
used F-Si-GNRs on MGC803 gastric cancer cells. Also, 
Gao et al. (24) showed high uptaking occurred for F-Si-
GNRs by HepG2.

In this study, we performed the MTT 
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide) proliferation assay to evaluate the cytotoxicity 
of F-Si-GNRs on SSC and EL4 cells. To achieve an 
effective dose and incubation time with F-Si-GNRs, we 
examined different doses of F-Si-GNRs at different times 
on cancer cells and germ cells. 

Materials and Methods
Materials for synthesis and surface modification of 
gold nanorods

In this experimental study, HAuCl4∙3H2O, NaBH4, 
Ascorbic acid, Hexadecyl trimethyl ammonium bromide 

(CTAB), AgNO3, Tetraethylorthosilicate (TEOS) and 
Folate were purchased from Sigma (Germany). Phosphate 
buffered saline tablet (PBS) and also Sodium acetate was 
obtained from Merck (USA). Glassware was thoroughly 
cleansed with a dilute sulfochromic acid solution  and 
detergent,followed by rinsing with de-ionized (DI) water. 

Preparation of Au seeds and nanorods
GNRs were synthesized via sequential seed-mediated 

growth method, as described elsewhere (23). In summary, 
small spherical gold NPs (seeds) were prepared by mixing 
aqueous solutions of HAuCl4∙3H2O (250 μL, 0.01 M) 
and CTAB (7. 5 mL, 0.095 M), followed by immediate 
addition of an ice-cold NaBH4 solution (600 μL, 0.01M). 
The reactants were mixed by rapid inversion for two 
minutes and kept undisturbed at room temperature for 
a minimum of 2 hours. Then the growth solution was 
accumulated by sequential addition of CTAB (9. 5 mL, 
0.095 M), HAuCl4∙3H2O (400 μL, 0.01 M), AgNO3 (60 
μL, 0.01 M) and ascorbic acid (64 μL 0.10 M) solutions, 
followed by mixing with seed particles (40 μL). It takes 
several hours for termination of the reaction and formation 
of rod-shaped nanostructures. 

Purification of gold nanorods
The unreacted gold ions and excess cationic surfactant 

(CTAB) were removed by centrifugation (14,000 rpm, 
7 minutes). The sediment was diluted with distilled water, 
then the purified sample sonicated for several minutes 
to redisperse the nanorods. Prior to surface modification 
with silica, absorbance intensity of the stock GNRs was 
adjusted to optical density (OD). 

Surface modification of gold nanorods
Ten milliliters of purified GNRs were redispersed in 

ethanol, and the pH was adjusted to 10 using ammonia. 
The suspension was sonicated in a water bath for several 
minutes. 20 μl of TEOS was diluted to 1 mL with ethanol 
which was sequentially added to GNRs (20 µL each time) 
at 30 min intervals. The solution was vigorously stirred 
overnight. Silica-coated GNRs (Si-GNRs) were purified 
by centrifugation at 3,500 rpm for 30 minutes followed by 
several rounds of washing with water and ethanol. 1.5 mg 
folate was dissolved in 2 mL dimethyl sulfoxide (DMSO). 
For each 10 mL suspension of GNRs in ethanol, 250 µL 
of folate solution was used. Samples were further purified 
and used for characterizations. 

Equipment for characterization

Characteristic surface plasmon resonances of GNRs were 
recorded in the wavelength region of 400 to 900 nm, using a 
Perkin Elmer spectrophotometer (Lambda 25). For Fourier-
transform infrared spectroscopy (FTIR) analysis, samples 
of bare GNRs, silica, and folic acid modified GNRs were 
made into a dry powder by a lyophilizer (LYSFME-Snijders 
scientific). Spectra were recorded on a NICOLET IR 100 
(FT-IR) and reported in the range of 500-3,800 cm-1. 
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For transmission electron microscopy (TEM) 
characterization, purified and surface modified GNRs 
were deposited on carbon-coated copper grids and imaged 
utilizing TEM (LEO 906, Zeiss). 

The dynamic light scattering (DLS) was performed 
by Brookhaven 90Plus Nanoparticle Size Analyzer to 
identify the effective diameter and size distribution of 
GNRs. The surface charge of F-Si-GNR was measured 
with Zeta potential measurements in water (NICOMP 
380ZLS Zeta potential/Particle sizer). 

Animals
In this study, 120  neonatal mice between 3-6 days 

old were used. These animals were obtained from the 
Experimental and Comparative Studies Center of Iran 
University of Medical Sciences (IUMS). The animals 
were housed in cages at 22-25˚C with a 12 hours: 12 hours 
cycle and given free access to food and water at all times. 
All studies were performed in accordance with the Ethical 
guidelines set by the “animal care and use committee 
(ACUC), Iran University of Medical Sciences” (code: 
IR.IUMS.rec.1394-01-1172-5884). 

Isolation and culture of spermatogonial stem cells 
Testes were collected aseptically from 3-6-day-old 

mice. First of all, testes were decapsulated, then minced 
and suspended in Dulbecco’s Modified Eagle Medium 
(DMEM, Life Technologies, Carlsbad, CA, USA) 
supplemented with 1. 37 g/L NaHCO3 (Sigma-Aldrich, St 
Louis, MO, USA), penicillin (100 IU/mL), streptomycin 
(100 μg/m), gentamycin (40 μg/mL) and single-strength 
nonessential amino acids, (all from Life Technologies). 

Testicular cells were isolated according to our previous 
study (25). In summary, testes  fragments were digested in 
DMEM containing 0.5 mg/mL collagenase/dispase, 0.5 mg/mL 
Trypsin, and 0.05 mg/mL DNAse ( all from Sigma-Aldrich), 
for 30 minutes at 37˚C. The interstitial cells were removed by 
washing in DMEM medium. The second step of digestion was 
performed by adding the same fresh enzyme solution in DMEM 
media as described above. After cell separation and filtration 
through 70-μm nylon filters, cell viability was determined and 
the harvested cells were used for cell culture. Myoid and Sertoli 
cells were also separated by overnight differential plating 
in DMEM containing 5% fetal calf serum (FCS). Then the 
harvested spermatogonia were cultured in DMEM containing 
5% FCS and 10 ng/mL GDNF for 2 weeks. The cells were 
incubated at 32˚C, 5% CO2, approximately 85% humidity, and 
the medium was refreshed every 2-3 days. 

Reverse transcription polymerase chain reaction 
This study was performed in following groups: cells 

obtained from enzyme digestion, cells derived from 
cultured colonies after two weeks, and mouse testis tissue 
as a positive control. The expression of spermatogonial 
genes was determined based on previous animal studies. 
RNA was extracted using a standard RNA extraction kit 
(Qiagen, , Germany) per the manufacturer’s instructions.  

The RNA was examined for purity and integrity 
by a 260/280 nm ratio measurement. In the reverse 
transcription reaction, 1 μg of total RNA was used with 
QuantiTect® Reverse Transcription Kit (Qiagen) per the 
manufacturer’s instructions. 

The primers specific for GDNF family co-receptor 
α1 (Gfrα-1), promyelocytic leukemia zinc-finger (Plzf), 
Itgβ1 (β1-integrin) , Itgα6 (α6-integrin), VASA homologue 
(Mvh), octamer-binding transcription factor 4 (Oct4) and 
Gapdh genes were designed using mouse sequences (Gene 
Bank) and Gene Runner software (version 3. 02, Hastings 
Software Inc, USA) as shown in Table 1. Gapdh was a 
housekeeping gene. Reverse-transcription polymerase 
chain reaction (RT-PCR) was performed using the 
primers, the prepared complementary deoxyribonucleic 
acid (cDNA) and PCR Master Mix 2X kit (Fermentas, 
Germany) , under the following conditions: 95˚C for 3 
minutes, followed by 35 cycles at 95˚C for 30 seconds, 
under specific annealing temperature for each primer 
(Plzf, 55˚C; Oct4, 60˚C; Gfrα-1. 52˚C; Vasa, 62˚C; Itgα6, 
52˚C; Itgβ1, 55˚C and Gapdh, 60˚C) for 45 seconds, 
72˚C for 60 seconds, and a final extension of 72˚C for 10 
minutes. 

PCR products were separated by resolving 1 μL of each 
sample on a 1.2% agarose gel, and electrophoresis was 
performed with Tris-Borate-EDTA (TBE) 1x loading 
buffer (Sigma-Aldrich, Germany) at a voltage of 95 for 
45 minutes. The gels were stained with 0.1 μg/mL Gel 
Red™ (Biotium Inc, USA) and we used Gel Logic for 
visualization of bands  (Carestream Health Inc., Rochester, 
NY, USA). 

Confirmation of the spermatogonial stem cells
For functional confirmation, spermatogonial stem cells 

were labeled with DiI (Invitrogen, Carlsbad, CA, USA) 
and DAPI (Sigma, Germany),   then injected into the 
seminiferous tubules of busulfan-treated mice. 5 mg/
ml DMSO was used as a solvent for preparation of the 
busulfan dosage. Also an equal volume of warm (40˚C) 
distilled water was added to above solution to prevent 
precipitation of DMSO. A single dose of busulfan (40 mg/
kg) was injected intraperitoneally in the NMRI mice (25).

Mice weighing 25 g were treated with 400 µl of the final 
busulfan solution. 4 weeks after treatment with busulfan, 
mice were devoid of most endogenous germ cells. The 
mice (n=5) were anesthetized with intraperitoneal (i.p.) 
injection of ketamine hydrochloride 10% (Rotexmedica, 
Germany) (100 mg/kg) and xylazine 2% (Alfasan, 
Holland, 10 mg/kg). Then spermatogonial cells (SSCs, 
106/ml) were resuspended in 10 µl DMEM/F12 and 
injected directly through the efferent ductus and into 
the seminiferous tubules of the busulfan-treated mice. 
Seminiferous tubules were visualized by addition of trypan 
blue in the injection media. 8 weeks after transplantation, 
survival and proliferation rates of cells were estimated by 
fluorescent microscopy (type CH2, 4009 magnifications; 
Olympus, Japan). 
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Table 1: The sequence of the designed primers used for reverse transcriptase polymerase chain reaction

Size (bp)Annealing temperature (˚C)Primer sequences (5´-3´)Genes

14860F: CTC AGA ATA TCA AGC TCC CTIgα6

R: AAA CAC TAA TAG AGC CAG CA

13060F: AAT TGT CTG CGT ATC TAC TGGGfrα1

R: ACA TCT GAT ATG AAC GGG AC

11560F: GAC ATT ACT CAG ATC CAA CCAIgβ1

R: AGG TAG TAG AGA TCA ATA GGG T

11560F: GAA CTA GCA TTG AGA ACC GTOct4

R: CAT ACT CGA ACC ACA TCC TTC

13761F: CCC GTT GGG GGT CAG CTA GAAPlzf

R: CTG CAA GGT GGG GCG GTG TAG

14959-61F: GAT AAT CAT TTA GCA CAG CCT CMvh(Vasa)

R: GTC AAC AGA TGC AAA CAC AG

12560F: CAA CTC CCA CTC TTC CAC TTGapdh

R: GCA GCG AAC TTT ATT GAT GGT A

Culture and tumourigenicity confirmation of El-4 cell line 
We commercially obtained the mouse acute 

lymphoblastic leukemia cell line EL4 from Pasteur 
Institute (Tehran, Iran). The EL4 cells were cultured 
in HEPES DMEM/F12 (Gibco, USA), 2% fetal bovine 
serum (Gibco, USA), 1% penicillin (Invitrogen, 
UK), and 1% streptomycin (Invitrogen, UK). For 
Confirmation of tumorigenicity and induction of the 
xenograft tumor model, 5×104 EL4s in 10 µl medium 
were transplanted through the efferent ductus and into 
the seminiferous tubules of azoospermia busulfan-
treated male NMRI mice (20-30 g) (26). The shape and 
thickness of each tumour was evaluated eight weeks 
after EL4 cell injection. Both testes were surgically 
removed and processed for histological examination. 5 
µm thickness sections were stained with hematoxylin 
and eosin (H&E). The volume of tumors (Vt) was 
estimated in the formula: Vt=π (b2×a)/6 (b and a are 
the minimum and maximum diameters in millimeters 
respectively). 

Flow cytometry
We used flow cytometry to confirm the identity of the 

EL4s and SSCs. Isolated SScs (106 per 100 µl PBS) were 
incubated in the dark for 30 minutes at 4˚C with PLZF 
monoclonal antibody (ebiosciences, 53-9320-82, 1: 50), 
Then, the cells were washed with PBS (three times). Also, 
the EL4 cells (106 per 100 µl PBS) were incubated with a 
FITC-conjugated mouse anti-H-2kb monoclonal antibody 
(ebiosciences; 553569, 1: 50). 

Experimental groups and MTT assay
In this study, EL4s and SSCs were divided into five 

groups: control (medium without F-Si-GNRs) and 
experimental groups, with cells distributed in a 96-well 
plate at a cell density of 15×103 cells per well in the 
different concentrations of F-Si-GNRs (25, 50, 75, 100, 
125, and 140 μM) for different incubation periods (6, 12 
hours). We performed the MTT (3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide proliferation 
assay to determine the toxicity of F-Si-GNRs. After 
centrifuging the cells, washing was done with PBS. Then 
100µl of MTT solution [MTT tetrazolium salt (5 mg/ 
ml)] was added to each well and incubated for 3-4 hours, 
followed by centrifugation of the solution and removal 
of the supernatant. Next, 100 µl of DMSO was added 
to the wells, and plates were shaken for 10 minutes in 
a microplate shaker before observation with the ELISA 
reader at 570 nm. 

Transmission electron microscopy
For TEM technique, SSCs and FL4 cells were washed 

with PBS, then 2.5% glutaraldehyde was used as a primary 
fixation for 2 hours. For removal of free glutaraldehyde, 
the cells were rinsed 2-3 times with PBS. Then, 1% 
osmium tetroxide was used as a secondary fixation for 
1.5 hours. The cells were dehydrated in acetone (50, 70, 
90, 100%), infiltrated by resin and finally embedded in 
pure resin (Epon 812, TAAB, UK). Semi-thin (500 nm) 
and thin (50 nm) sections were performed for light and 
electron microscopy respectively. Thin sections were 
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transferred on the 200-mesh uncoated grids and stained 
with uranyl acetate and lead citrate before imaging with 
TEM (LEO 906; Zeiss).  It should be noted that for GNR 
imaging, NPs were deposited on carbon-coated copper 
grids directly.

Apoptosis evaluation in SSCs and EL4 cells after 
treatment with F-Si-GNRs

In this study, we used an optimal mean dose of F-Si-
GNRs (100 µM) for 6 hours. The apoptosis was measured 
using annexin V-fluorescein isothiocyanate (FITC) 
apoptosis detection. At first, the cells were plated at 
a density of 200,000 cells/well in 24-well plates. The 
cells were washed with PBS and then resuspended in 
annexin binding buffer. Then cells were incubated with 
annexin-FITC/PI in the dark for 15 minutes. In the next 
step, reasonable results were obtained by flow cytometric 
counting of viable cells. Viable cells were negative for 
both PI and annexin V-FITC; necrotic cells were positive 
for PI and negative for annexin-V-FITC. early apoptotic 
cells were positive for annexin-V-FITC and negative for 
PI, whereas late apoptotic cells were positive for both 
annexin-V-FITC and PI. 

Statistical analysis
Data have been presented as the mean ± SD with at 

least three biological independent repeats. Differences 
between groups were assessed by One-way ANOVA 
using the SPSS version 25 software (SPSS Inc., Chicago, 
IL, USA). The difference between groups was considered 
statistically reliable if P≤0.05. 

Results
Expansion and characterization of spermatogonial 
cells 

Following the enzymatic digestion of the testicular 
tissue, the SSCs were isolated and cultured in DMEM/
F12 medium containing 5% FBS for 2 weeks. In order 
to increase the proliferation of the cells, GDNF (10 ng/
ml) was added to the culture medium. After 24 hours 
(Fig.1A), the SSCs formed colonies, and after 72 hours 
the platform was covered with cluster colonies. About 
2-3 days after the primary culture, the cluster of germ 
cells appeared on a feeder layer. These were clumpy 
and had individually recognizable cells. They were then 
enzymatically dispersed and subcultured. During 2 weeks 
of culture, SSCs could start the formation of new clusters. 
The addition of GDNF in culture resulted in a significant 
improvement in SCC proliferation. In transmission 
electron microscop, the heterochromatin nucleus (N), 
eccentric small compact and highly reticulated nucleoli 
(Nu) and very high mitochondria (M) were observed in 
SSCs clusters (Fig.1B).

In order to confirm the identity of spermatogonial stem 
cells, the expression of specific SCC markers was analyzed 
in the fresh tissue (without enzymatic digestion), isolated 
testicular cells (after first day of culture) and cultured 

cells (after 2 weeks of culture) by RT-PCR. As shown in 
Figure 1C-E, specific genes of SSCs are expressed in all 
samples (Oct4, Itgα6, Plzf, Gfrα1, Mvh, Itgβ1, and Gapdh 
as a housekeeping gene). 

The results of flow cytometry show that the average 
amount of Plzf expression in SSCs at the end of the first 
and second weeks of culture were 45.63 ± 5. 71% and 
84.68 ± 4. 02%, respectively (Fig.1F-H).

Culture of the EL-4 cells and characterization
Tumor cells were purchased from the Pasteur Institute 

(Tehran, Iran) after the fourth passage and cultured in 
DMEM/F12 medium containing 2% FBS. The cells 
were cultured in suspension and passaged every 48 
hours. The margins of these cells were irregular. It 
should be noted that these cells don’t form colonies 
and have a high proliferation rate (Fig.2A, B). The 
ultrastructural characteristics of EL4s were examined 
via TEM. The nucleus and cytoplasm had an irregular 
shape. The cytoplasm was characterized by organelles, 
eg, mitochondria, rough endoplasmic reticulum. A large 
number of spherical mitochondria were found (Fig.2C, 
D). EL4s cells were confirmed by H-2kb monoclonal 
antibodies, respectively. The results of flow cytometry 
show that about 96.25 ± 2.81% of EL-4 cells expressed 
H-2kb (Fig.2E, F). 

Tumourigenicity confirmation of EL-4 cells
In order to confirm tumorigenicity, 5×104 EL4 cells 

were transplanted through the efferent ductus and into the 
seminiferous tubules of azoospermia mice. After 8 weeks, 
the shape and thickness of any tumours were evaluated. 
Histological evaluations showed that after 8 weeks, a 
tumor had formed in 70% of the mice. The volume of 
tumours (Vt) was estimated in the formula: Vt=π (b2×a)/6 
where b and a are the minimum and maximum diameters 
in millimeters, respectively. The average tumor size was 
142 mm3 (Fig.2G). After 8 weeks, we observed that 
leukemic cells had infiltrated the interstitial tissue. These 
cells were polygonal with spherical nuclei (Fig.2H). 
The results showed that tumorigenicity of EL4 cells was 
restricted to testicular tissue.

Synthesis and characterization of F-Si-GNR
Surface plasmon resonance bands of GNR were 

monitored in the visible and NIR region, representing 
oscillation of the conduction band electrons along the 
short and long axis of GNRs. The appearance of a 
strong longitudinal surface plasmon resonance (LSPR) 
band around 798 nm, along with a transverse SPR band 
of weaker intensity around 512 nm is characteristic 
of formation of nanostructures with rod morphology. 
Changes in the SPR bands were also monitored upon 
formation of a silica layer around nanostructures. 
Stability of GNRs was checked in ammonia and ethanol, 
prior to interaction with tetraethyl orthosilicate (data 
not shown). Upon addition of TEOS, the longitudinal 
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surface plasmon absorption band experienced a decrease 
in intensity; whereas the transverse surface plasmon 
absorption band did not undergo any remarkable 
changes. Due to the sensitivity of SPR bands to trace 
changes in the local environment, alterations in the 
intensity or wavelength position of the bands could be 
attributed to the interaction of the nanostructures with 
molecules. Hence, a decrease of longitudinal LSPR 
band intensity of GNRs upon interaction with TEOS 
represents the formation of a silica layer around the 
nanostructures. Such a type of coating is considered 

to be a useful strategy in replacement/coating of the 
cationic surfactant (i. e. CTAB), enabling application 
of GNRs as biocompatible platforms in a variety of 
biomedical approaches. Coating of GNRs with a very 
thin silica film (2.56 ± 0.62 nm in this study) improves 
the colloidal stability of the nanorods by reducing 
aggregation and allows for shape stability as well as 
surface modification. Furthermore, silica is porous and 
can be feasibly loaded with molecules of interest such 
as chemicals, drugs, dyes, or imaging agents either via 
physical adsorption or covalent attachment. 

Fig.1: Spermatogonial cells characterization. A. The morphology of a spermatogonial-derived cluster formed from the culturing of spermatogonial cells 
after 24 hours (scale bar: 200 µm), B. Representative transmission electron micrographs from spermatogonial cells (SSCs) clusters (scale bar: 5 µm). The 
heterochromatin nucleus (N), eccentric small compact and highly reticulated nucleoli (Nu), Rough endoplasmic reticulum (RER) and very high mitochondria 
(M) were observed in cells. Reverse transcription polymerase chain reaction (RT-PCR) was used to determine the expression of specific spermatogonia and 
germ cell markers in C. Neonate testis tissue (fresh tissue without enzymatic digestion), D. Cultured cells after the first day and E. Two weeks of culture. 1; 
Oct4 (129 bp), 2; Itgα6 (148 bp), 3; Plzf (137 bp), 4; Gfrα1 (130 bp), 5;  Mvh (Vasa, 149 bp), 6; Itgβ1 (115 bp), 7; Gapdh (125 bp). Flow cytometric analysis 
of spermatogonial cells: F. Spermatogonial negative control, G. The PLZF positive spermatogonial cells at the end of the first week were 45.63 ± 5.71%, 
and H. At the end of the second week was 84.68 ± 4.02%. 
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Fig.2: El-4 cells charectrization. A, B. Representative phase contrast images (scale bar, A: 200 µm, B: 50 µm), C, D. Transmission electron micrographs 
from EL4s (scale bar, C: 2 µm, D: 1 µm). These cells formed irregular margins. Spherical mitochondria were found in relatively high numbers. In 
addition, the nucleus of some cells had marginal heterochromatin. Nucleus (N), Nucleolus (Nu), Mitochondria (M), Rough endoplasmic reticulum 
(RER) and Heterochromatin (Ht), E, F. Flowcytometry analysis of EL-4 cells labeled for H-2Kb. The H-2Kb positive EL4s were 96.25 ± 2.81%, and G, H.      
tumor formation of El-4 cells in azoospermic recipient mouse model. In this model, 50,000 EL4s were transplanted, G. A testicular tumor formed 8 
weeks after transplantation of EL4s (tumor size: 142 mm3) in recipient testis, H. Histological section of tumour formed from EL4 cells stained with 
H&E (scale bar: 50 μm).
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Comparison of both of the characteristic SPR bands of 
GNRs after 30 minutes and 11 hours showed that within a 
typical range of concentration of TEOS, there is no change 
in the thickness of the silica layer over the nanostructures. 
Furthermore, the interaction of silica coated GNRs with 
folate shows a decreased intensity of both transverse and 
LSPR absorption bands, representing physisorption of 
folate onto the matrix of silica coated GNRs. 

We analysed TEM images of the GNRswith a size 
distribution histogram (an average of 562 NPs) (Fig.3A). 
An average diameter of 5.55 ± 1.56 nm was determined 
from the statistical analysis of the TEM images (Fig.3B). 
The images clearly show the formation of the rod 
morphology as well as a coating of the silica layer around 
GNRs (Fig.3C). Based on TEM images, the size of the 
nanostructures was 20.43 ± 2.18 nm in length and 5.55 ± 
1.56 nm in width. The thickness of the silica layer coating 

around the nanostructures was 2.56 ± 0.62 nm. 
Analysis of FTIR spectra for silica coated GNRs before 

and after physisorption of folic acid is shown in Figure 
3D. A glance at the figure shows that upon modification 
of silica coated GNRs with folic acid, the spectral 
features have been changed. Folic acid is composed of 
p-aminobenzoic acid, glutamic acid, and a hetero-bicyclic 
pteridine that band between 1475 and 1500 cm-1. This 
is attributed to the characteristic absorption band of the 
phenyl and PT ring. Apart from the displacement in 
vibrations related to carbonyl group (1712 cm-1) and C=C 
(1388. 49 cm-1), the characteristic vibrational bands of folic 
acid for the phenyl and pterin ring (around 1478 cm-1), the 
OH carboxylic of glutamic acid moiety and the NH group 
of the pterin ring, (stretching in the range of 3500-3700 
cm-1), depicts adsorption of folic acid molecules onto the 
matrix of silica-coated GNRs (Fig.3E). 

Fig.3: Analysis of the gold nanoparticles (GNRs). A. Transmission electron microscopy images of purified GNRs, B. Inset size distribution histogram 
(an average of 562 nanoparticles), C. Silica-coated GNRs. The thickness of silica layer was 2.56 ± 0.62 nm, D. Characteristic SPR bands of GNRs, 
before and after surface modification with silica and folate, and E. FTIR spectra of GNRs, silica coated GNRs (Si-GNR) and folic acid modified Si-
GNR (F-Si-GNR).
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Optimal dosages and duration of F-Si-GNR for EL4s 
and spermatogonial stem cells was assessed. The survival 
of EL4s and SSCs after treatment with F-Si-GNR was 
assessed using the MTT test. The concentrations of F-Si-
GNR tested ranged from 25, 50, 75, 100, 125 and 140 µM 
for different incubation periods (6, 12 hours). The percent 
viability of SSCs and EL4s that were treated with 25, 50, 
75, 100, 125 and 140 µM of GNRs was 65.33 ± 3.51%, 
60 ± 3.6%, 51.33 ± 3.51%, 49 ± 3%, 30.66 ± 2.08% and 
16.33 ± 2.51% for SSCs and 57.66 ± 0.57%, 54.66 ± 
1.5%, 39.66 ± 1.52%, 12.33 ± 2.51%, 10 ± 1% and 5.66 
± 1.15% for EL4s respectively. Given that there were not 
significant differences between 6 and 12 hour incubation 
periods, we chose 6 hours for incubation. It means that 
cell death increased with an increase in the quantity of 
GNRs. The results show that the optimal mean dose for 
the highest cell death in EL4s and lowest in SSCs is 100 
µM of GNRs (Fig.4). 

Fig.4: El-4 and spermatogonial stem cells viability at varying concentrations 
of nanorods (6, 12 hours). Cell death rates in EL4 cells were higher than 
SSCs, especially in 100 µM of GNRs, but there weren’t significant differences 
between 6 and 12 hours incubation periods. In each dosage category, there 
aren’t significant differences between groups 6 and 12 hours. The diagram 
shows that the optimal mean dose for highest cell death in EL4s and lowest 
in SSCs is 100 µM of GNRs. In each dosage category. *; There are significant 
differences between  El4s and SSCs groups.

Ultrastructure and apoptosis evaluation in SSCs and 
EL4 cells after treatment with F-Si-GNR

The ultrastructural characteristics of EL4s and SSCs 
after treatment with F-Si-GNR were examined via TEM. 
The chromatin condensation was observed in the EL4s 
cells and the nucleus membrane was swollen. Swelling of 
the nuclear membrane is the first manifestation of injury to 
cells. Spherical mitochondria were also damaged (Fig.5A, 
B). The heterochromatin nucleus, plasma membrane 
blebbing and rough endoplasmic reticulum were obseved 
in SSCs.  The mitochondria were found in relatively high 
numbers in the SSCs clusters whereas a few they were 
with damaged cristas. Gold nanorods were observed in 
the mitochondria and cytoplasm, and also the autophagic 
vacuoles were consist of nanoparticles (Fig.5C-E).

The apoptosis was measured using annexin V-FITC 

apoptosis detection kit. The apoptotic rates of the EL4s 
(51.1 ± 6) were significantly higher than SSCs (Fig.5F, G) 
(32.9 ± 2, P<0.001). Also, after incubation with F-Si-GNR, 
necrotic SSCs and EL4s weren’t observed. Necrotic cells 
were positive for PI and negative for annexin V-FITC. 
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Fig.5: Ultrastructure and apoptosis in SSCs and EL4s after treatment with 
F-Si-GNR. Transmission electron micrographs from A, B. EL4s  and C-E. 
SSCs after treatment with F-Si-GNR. Mitochondria were damaged and 
chromatin condensation was observed in EL4s also swelling of the nucleus 
membrane was observed in EL4s. The Rough endoplasmic reticulum 
(RER), autophagic vacuoles (aV) and very high mitochondria (M) were 
observed in SSCs. Swollen membrane (black arrows), F-Si-GNR (white 
arrows), nucleus (N), chromatin condensation (CC), Mitochondria (M), 
plasma membrane blebbing (b), (scale bar: A: 4 µm, B: 2 µm, C: 2 µm, D, 
E: 1 µm). Effects of F-Si-GNR administration on the apoptosis in F, G. SSCs, 
and H, I. EL4s determined by flow cytometry analysis. The diagram shows 
that after incubation with F-Si-GNR, necrotic SSCs and EL4 cells weren’t 
observed. F-Si-GNR; Folic acid-conjugated silica-coated gold nanorods.
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Discussion
Since cancers, and especially testicular cancer, affects 

male fertility in many ways, an increase in the survival 
of male cancer patients of the fertile age has become 
a new challenge to male fertility. Cancer treatment, 
including radiation therapy, chemotherapy, and surgery, 
can be temporary and also have permanent harmful 
effects on male fertility (27). The isolation of cancer 
cells from healthy cells (germ cells) is a great challenge. 
Nowadays, the process of isolating testicular germ cells 
from malignant cells while avoiding contamination is in 
progress (26). So far, there are several techniques used to 
separate tumor cells from normal cells, including MACS 
and FACS-based sorting strategies and additional sorting 
techniques that avoid contamination of harmful cancer 
cells (9, 10). 

Nanotechnology has made a major stride in selective 
cancer targeting. They can be designed for targeting 
the favorable cells by changing various modifications 
of NPs such as their shape, size, physical and chemical 
properties (28). Gold NPs have a very high potential 
for cancer therapy based on their light absorption and 
scattering properties. NPs cause intracellular oxidative 
stress by disrupting the balance between antioxidative 
and oxidative processes. Research shows that some 
NPs can produce reactive oxygen species (ROS) which 
cause inflammation and even cell death (29). GNRs can 
be observed in many various shapes but most notably 
they are seen as nanorods and spherical clusters. Wang 
et al. (30) determined that nanorods are more cytotoxic 
than spherical gold nanomaterials to human HeCaT 
keratinocytes. GNRs support longitudinal plasmon 
resonances at NIR modulation with better quality factors 
than those of spherical gold NPs in the same resonance 
modulation (31), and they are extremely effectual at 
converting light energy into heat, especially if embedded 
in media of low thermal conductance (32). However, by 
themselves, the gold NPs desire to aggregate in solution 
and can smelt under laser irradiation. Silica coating is 
one of the golden functionalization tools that has been 
proven to increase the consistency of gold NPs, both 
thermodynamically and chemically (20, 21). The superior 
consistency with silica coating makes it the best choice 
for many applications. 

Gold NPs can bind to antibodies and molecular ligands 
and they are suitable for medical applications (14, 18). 
According to Mehdizadeh et al. (19) studies, we used folate 
as a targeting ligand for gold NPs. Folate is transmitted in 
healthy cells and cancer cells by folate receptors on the cell 
membrane. Folate synthesizes thymine by dihydrofolate 
reductase in the cytoplasm of cells, so these cells regulate 
the presence of folate receptors on their surface. Because 
DNA synthesis and cell division are dependent on the 
presence of folate, a cancer cell needs a lot more folate 
than a healthy cell (22). Receptors of folate are located in 
caveolae on the cell membrane. After folate attachment 
to their receptors, it is internalized into the cytoplasm 
through the endocytic pathway (33). Previous studies have 

confirmed that folate-receptors are highly overexpressed 
on the surface of tumor cell types (17).

Li et al. (34) found that gold NPs functionalized with 
folate are selectively internalized into cells expressing 
folate receptor. Other studies showed that the increase 
of cytotoxicity for FR-targeted gold NPs loaded with 
doxorubicin in FR-expressing cells related to FR-
mediated endocytosis (35). The benefits of synthesis of 
folate-functionalized gold NPs loaded with curmin (35) 
or cisplatin (36) as a chemotherapeutic cargo and resultant 
increase in cellular uptake of FR-targeted gold NPs has been 
reported. Zhang et al. (37) showed that superparamagnetic 
NPs conjugated with folate have better uptake in  tumor 
cells. Mansoori et al. (38) investigated cell death in HeLa 
(high level of folate receptor expression) and MCF-7 (low 
level of folate receptor expression) cells. Their results 
also showed that uptake of folate-conjugated gold NPs in 
HeLa cells were more than for MCF-7 cells and that this 
difference was related to the number of folate receptors 
on the surface of the cell. Also, in another study, Xia et 
al. (22) used F-Si-GNRs on HeLa cells and A549 cells. 
The results indicated that more F-Si-GNRs were uptaken 
into HeLa cells via receptor-mediated endocytosis as 
compared to A549 cells.

Here,  in this study, we described a novel approach for 
elimination of cancerous cells from SSCs with treatment 
by F-Si-GNRs. We isolated SSCs from 3-6-day-old mice. 
To confirm the identity of these cells, RT-PCR using 
spermatogonial and germ cell markers was performed. 
SSCs expressed Itgα6, Gfrα1, Itgβ1, Oct4, Plzf and 
Mvh markers and our findings are in line with results of 
previous research (25). SSCs demonstrated colonies by 
their morphology and they had a regular round nuclei that 
are similar to those found in other research (11, 25). EL4 
cells were non-adherent and maintain their homogeneity. 
The margins of these cells were irregular. It should be 
noted that these cells don’t form colonies and have a high 
proliferation rate. Also, evaluation by flow cytometry 
showed that Plzf and H-2kb markers are expressed in 
SSCs and EL-4 cells, respectively. 

In order to confirm tumorigenicity, EL4 cells were 
transplanted through the efferent ductus and into the 
seminiferous tubules of azoospermia mice. After 
transplantation, histological evaluations confirmed that 
EL4s can produce a tumor in vivo. Our findings are 
consistent with other studies (11).

In the present research, the survival of EL4s and SSCs 
after treatment with F-Si-GNRs was assessed using 
the MTT proliferation test. For dose response, we used 
multiple doses of F-Si-GNRs that consisted of 25, 50, 75, 
100, 125 and 140 µM for 6 hours. Our study identified 
that cell death increased with an increase in the quantity 
of GNRs. In this study, we tried to find an effective 
dose of F-Si-GNRs for the elimination of EL4s, while 
maintaining SSC health and viability. The results of MTT 
assay showed that the optimal mean dose for the highest 
cell death in EL4s and lowest in SSCs is 100 µM of F-Si-
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GNRs for a 6 hour incubation period. 
Our results demonstrated that cytotoxicity of F-Si-

GNRs increased in EL4 cells in comparison to SSCs. 
Similar to other studies, the increase in cytotoxicity is 
related to FR-mediated endocytosis and following uptake 
of F-Si-GNRs in tumor cells (22, 38). Moreover, the 
present study shows that different doses of F-Si-GNRs 
have concentration-dependent cytotoxic effects on EL4s 
and germ cells. The size of the NPs was found to play a 
crucial role in both the rate and extent of cellular uptake. 
Pan et al. (29) showed that toxicity of gold NPs are size-
dependent. In our study, the size of the F-Si-GNRs was 
20.43 ± 2.18 nm in length and 5.55 ± 1.56 nm in width. 
The thickness of the silica layer coating around the GNRs 
was 2.56 ± 0.62 nm, and this resulted in more toxicity 
compared to other studies (23, 24). 

After incubation of SSCs and EL4s with F-Si-GNRs, 
apoptosis evaluation was performed using an annexin 
V-FITC apoptosis detection kit. The results showed that 
apoptotic rates of the EL4s were significantly higher than 
SSCs and this finding is similar to other research (11). 
This means that the numbers of folate receptors on the 
surface of EL4 cells are more abundant than for SSCs. 
After internalization, F-Si-GNRs were taken up by 
lysosomes. The lysosomal membrane is protected from 
acidic hydrolases by specific expression of lysosomal 
membrane proteins (39). The lysosomes were heavily 
disrupted and further damaged the mitochondrial 
membranes. Mitochondrial damage further activated the 
apoptosis-associated signaling pathways. In this research, 
electron microscopy studies showed F-Si-GNRs after 
cellular internalization and illustrated how these cause 
damage to the mitochondria, which is consistent with 
other studies (40).

Conclusion
Here, we report the synthesis and characterization of 

folate conjugated silica modified GNRs and their in vitro 
effects on the viability of SSCs and EL4s. In addition, 
our results indicated that EL4s had a greater amount of 
uptake of F-Si-GNRs as compared to SSCs, and this was 
related to the amount of folate recepter that was present 
on the cells. The obtained results support the use of 
the optimal dose of F-Si-GNRs as a useful approach for 
treating testicular cancer. We anticipate that this NPs will 
have great potential for the development of therapies for 
clinical patients with cancer in near future.
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Abstract
Objective: Amentoflavone is the main component of Selaginella tamariscina widely known as an oriental traditional 
medicinal stuff that has been known to have a variety of medicinal effects such as the induction of apoptosis, anti-
metastasis, and anti-inflammation. However, the effect of amentoflavone on autophagy has not been reported until now. 
The aim of this study was to investigate whether amentoflavone has a positive effect on the induction of autophagy 
related to cell aging.  
Materials and Methods: In this experimental study, the aging of young cells was induced by the treatment with insulin-
like growth factor-1 (IGF-1) at 50 ng/mL three times every two days. The effect of amentoflavone on the cell viability 
was evaluated in A549 and WI-38 cells using 3-(4,5-dimethyl-2-yl)-2,5- diphenyl tetrazolium bromide (MTT) assay. The 
induction of autophagy was detected using autophagy detection kit. The expression of proteins related to autophagy 
and IGF-1 signaling pathway was examined by western blot analysis and immunofluorescence assay.         
Results: First of all, it was found that amentoflavone induces the formation of autophagosome. In addition, it enhanced 
the expression level of Atg7 and increased the expression levels of Beclin1, Atg3, and LC3 associated with the induction 
of autophagy in immunofluorescence staining and western blot analyses. Moreover, amentoflavone inhibited the cell 
aging induced by IGF-1 and hydrogen peroxide. In particular, the levels of p53 and p-p21 proteins were increased in the 
presence of amentoflavone. Furthermore, amentoflavone increased the level of SIRT1 deacetylating p53.                 
Conclusion: Our results suggest that amentoflavone could play a positive role in the inhibition of various diseases 
associated with autophagy and the modulation of p53.         
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Introduction
Amentoflavone used in the study is mainly contained 

in Selaginella tamariscina to have a hemostatic effect, 
anti-inflammatory and anti-cancer effect (1). Selaginella 
tamariscina has been used as an anti-cancer agent and 
contains many different compounds such as biflavonoids 
(2) which are widely present in vascular plants and have 
a variety of physiological activities (3, 4). Amentoflavone 
is a dimer composed of apigenin that has the capability to 
promote the cell cycle arrest and induction of apoptosis 
through the p53-related pathway as well as the induction 
of autophagy in several human cancer cell lines (5). 
However, the role of amentoflavone in the mechanism of 
the induction of autophagy remains unclear. 

Anti-aging studies have focused on manipulation of 
genes involved in histone acetylation, Insulin-like growth 
factor-1 (IGF-1) pathway, and p53 system to suppress 
the senescence as a mean to extend the lifespan of  the 
mammalian model (6, 7). However, the efforts increasing 
longevity in complex animal models do not have a 
sufficient understanding of the life mechanism. On the 
other hand, p53, a tumor suppressor protein, is closely 
related to aging as well as the induction of autophagy 
and apoptosis. In particular, the activated IGF-1 signaling 
is involved in the senescence and cell growth via p53 

protein dependently. The short-term of IGF-1 treatment 
promotes the cell growth by up-regulating PI3K/AKT 
pathway through IGF1R against p53 protein. In contrast, 
the long-term IGF-1 treatment induces the senescence and 
is also very closely related to the development of cancer, 
depending on the concentration of the p53 protein that is 
as a substrate for SIRT1, a histone deacetylase, resulting 
in the inhibition of cell aging caused by long-term IGF-1 
treatment (8, 9).

In recent years, resveratrol or spermidine, calorie 
restriction, and rapamycin have been reported to 
induce autophagy associated with longevity (10). 
Therefore, it is important to study the relationship and 
the mechanism of senescence related to IGF-1, p53, 
and HAT/SIRT1 pathway associated with the induction 
of autophagy to remove the cellular wastes such as 
organelles and macromolecules damaged by internal 
and external stimuli. In addition, the previous study 
reported that there is substantial evidence supporting 
the roles of autophagy in megakaryopoiesis. The 
engagement of transcription factors, cytokines, 
and extracellular stress synergically promotes the 
maturation of megakaryocytes (11). Transcription 
factors, such as SCL, GATA1, GATA2, and NF-E2 
allow the development of megakaryocyte/erythroid 
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progenitor cells (12). The abrogation of autophagy 
from stem cell stage by hematopoietic knockout 
of ATG7 leads to impaired megakaryopoiesis, the 
loss of autophagy caused mitochondrial and cell 
cycle dysfunction, impeding megakaryopoiesis, and 
megakaryocyte differentiation (13).

While the active autophagy process prolongs the cell 
survival and lifespan, the over-activated autophagy 
leads to autophagic cell death (14). In the autophagic 
process, Beclin1 (Atg6) in the initial formation of 
autophagosome acts as a partner of Bcl-2 as an anti-
apoptosis factor that exerts an anti-autophagic effect 
as well as anti-apoptosis (15). Recently, some studies 
in breast cancer cell line confirmed that the expression 
level of Beclin1 is remarkably low and induces the 
tumor activity of cells (16). 

Accordingly, in this study, we investigated whether 
amentoflavone could modulate autophagy related to cell 
aging through the modulation of p53 and SIRT1. 

Materials and Methods
This experimental study was conducted at the 

Department of Applied Chemistry at Dong-Eui 
University (Republic of Korea). In this study, 
Amentoflavone was obtained from Sigma-Aldrich 
(St. Louis, MO, USA). Dulbecco’s modified Eagle’s 
medium (DMEM), trypsin-EDTA, penicillin/
streptomycin/ amphotericin (10000 U/ml, 10000 g/
ml, and 2500 g/ml, respectively), and fetal bovine 
serum (FBS) were obtained from Gibco BRL, Life 
Technologies (NY, USA). A549 (ATCC # CRL-6323) 
and WI38 (ATCC # CRL-75) cells were purchased from 
ATCC. 3-(4,5-dimethyl-2-yl)-2,5- diphenyl tetrazolium 
bromide (MTT) reagent, agarose, and other materials 
were purchased from Sigma Chemical Co. (St. Louis, 
MO, USA). 

Cell line and culture

This project was approved by the Ethics Committee 
of Dong-Eui University of Applied Chemistry, Busan, 
Republic of Korea. Cell lines were separately grown 
as monolayers at 5% CO2 at 37˚C in the humidified 
atmosphere using appropriate media supplemented 
with 5% FBS, 2 mM glutamine, and 100 g/ml penicillin-
streptomycin. DMEM was used as the culture medium 
for A549 cells. Cells were passaged 3 times a week by 
treating with trypsin-EDTA.

MTT assay
Cytotoxic levels of amentoflavone were measured 

using MTT method as described previously by Hansen 
et al. (17). The viability of cells was quantified as a 
percentage compared to the control (optical density 
of treated cells/optical density of blank×100) and 
dose-response curves were developed. The data were 
expressed as the mean from at least three independent 

experiments and P<0.05 was considered significant.

Autophagosome detection assay
Autophagy activity was detected using a 

commercially available autophagy/cytotoxicity 
dual staining kit from Cayman Chemical Company 
(Item No. 600140). Autophagy assay was performed 
according to the manufacturer’s protocol. In brief, 
A549 cells were seeded in a 96-well plate at a density 
of 5×104 cells/well in DMEM culture medium and 
incubated overnight at 37˚C. Then, cells were treated 
with different concentrations of amentoflavone 
and tamoxifen as a positive control and incubated 
overnight. On the third day, cells were stained with 
propidium iodide (PI) and monodansylcadaverine 
(MDC) according to the manufacturer’s protocol. 
Autophagic vacuole staining intensity can be detected 
using an excitation wavelength of 335 nm and an 
emission wavelength of 512 nm using microplate 
reader (Tecan Austria GmbH, Austria). The cells were 
also analyzed by fluorescent microscopy according to 
the manufacturer’s protocol. Dead cells are stained by 
propidium iodide and can be detected with a rhodamine 
filter (excitation/emission=540/570 nm). 

Analyses of proteins expression using western blot
Western blotting was performed according to the 

standard procedures. Cells treated with different 
concentrations of amentoflavone were lysed with 
RIPA lysis buffer (Sigma Chemical Co., St. Louis, 
MO, USA). The cell lysates were resolved on a 
4-20% Novex®gradient gel (Invitrogen, USA), 
electrotransferred onto a nitrocellulose membrane 
and blocked with 10% skim milk. The primary 
antibodies (1:1,000) including p-p21(sc-12902, Santa 
Cruz Biotechnology., CA, USA), p53(sc-126X), 
p-p53(9286S, Sell Signaling Technology, MA, USA), 
ac-p53(06-758, Upstate Biotechnology Inc., NY 12946 
USA), Atg3 (sc-393623), Atg7 (2631S, Sell Signaling), 
Beclin1 (3738, Sell Signaling), LC-3 (sc-292354), Bcl-
2 (sc-492-G), β-actin (sc-1616), and their secondary 
antibodies (1:5,000) (sc-1616, sc-2354, sc-2005, Santa 
Cruz Biotechnology, CA, USA) were used to detect 
the respective proteins using a chemiluminescent ECL 
assay kit (Amersham Pharmacia Biosciences, NJ, 
USA) according to the manufacturer’s instructions. 
Protein bands were visualized using AlphaEase®gel 
image analysis software (Alpha Innotech, CA, USA) 
and protein expression was quantified by Multi Gauge 
V3.0 software (Fujifilm Life Science, Japan).

Analysis of protein expression using immunofluores-
cence staining 

Cells were seeded onto a slide chamber and were 
incubated overnight at 37˚C. Then, the cells were 
treated with different concentrations of amentoflavone. 
After 24 hours of incubation, cells were fixed with 10% 
formalin for 15 minutes at room temperature followed 



Cell J, Vol 21, No 1, Apr-Jun (Spring) 2019 29

Park and  Kim

by the permeabilization with phosphate buffer solution 
(PBS) containing 0.5% tween 20 (0.5% PBS T-20) 
and washed three times by 0.1% PBS T-20. The cells 
had preconditioning process with 5% Donkey normal 
serum and immunofluorescence staining with primary 
antibodies (anti-Atg7, anti-p53, anti-p-p21, anti-p-
mTOR) (1:500) for 24 hours at room temperature. 
After, the cells were then washed with 0.1% PBS T-20 
three times for 5 minutes, respectively and treated with 
the secondary antibodies (donkey anti-rabbit conjugated 
CY3, donkey anti-goat conjugated CY3, donkey anti-goat 
conjugated FITC, donkey anti-rabbit conjugated CY3, 
donkey anti-goat conjugated FITC, donkey anti-mouse 
conjugated FITC, donkey anti-rabbit conjugated CY3) 
(CY3 1:400, FITC 1:200) at room temperature for 1 hour. 
The cells were then washed with 0.1% PBS T-20 three 
times and PB once for 5 minutes, respectively. Finally, 
the slide was spread using DAPI solution and examined 
using iRiS™ Digital Cell Imaging System (Logos 
Biosystems, Annandale, US).

SA-β-galactosidase staining 
According to the method of Tran (8), WI38 and A549 

cells were incubated in a 24-well plate format under a 
serum starvation state for 4 days, then exposed to 5 
ng/mL of IGF-1 treatment for 6 days as a long-term 
treatment or 10 μM H2O2 treatment for 24 hours. After 
the treatment for 24 hours with a proper concentration 
of amentoflavone, the cell culture medium was 
aspirated and the cells were twice washed with PBS. 
After the last rinse, PBS was replaced with 250 μl of 
4% paraformaldehyde (PFA) for the fixation. The cells 
were incubated for 5 minutes at room temperature. 
The 4% PFA was aspirated and the cells were washed 
two times for 5 minutes each at room temperature with 
gentle shaking with 500 μl of PBS. Each well was 
exposed to 250 μl of SA-β-gal staining solution. The 
cells were incubated in the dark in a 37˚C incubator. 
The reaction was terminated when the cells were 
stained as blue-green. To terminate the reaction, the 
staining solution was aspirated and replaced with 
distilled water. The cells were washed for the second 
time with distilled water. After the last wash, 500 μl 
of distilled water was added to each well and the plate 
was observed under the microscope.

Statistical analysis
Data were analyzed using Student’s t test for paired data 

(comparison with the control group) and MEGFL. Data 
are represented as the mean of values ± S.D and obtained 
from three independent experiments (*P<0.05, **P<0.01, 
***P<0.001).

Results
Effect of amentoflavone on the cytotoxicity

The cytotoxic effect of amentoflavone was investigated 
using MTT assay. Amentoflavone above 8 μM exhibited 

the cytotoxicity in cancerous human lung fibroblasts (A549 
cells) as shown in Figure 1A. In addition, amentoflavone 
above 1 μM showed the cytotoxicity in normal human 
lung fibroblasts (WI38 cells) as shown in Figure 1B. 

Fig.1: Effect of amentoflavone on cell viability. A. Amentoflavone was 
treated to A549 cells and B. Amentoflavone was treated to WI38 cells. The 
cells were treated with amentoflavone at the indicated concentration and 
the cell viability was determined by MTT assay after 48 hours. Data are 
presented as the mean of values ± SD obtained from three independent 
experiments. The level of significance was identified statistically (*; 
P<0.05, **; P<0.01, ***; P<0.001) using Student’s t test. 

 
Effect of amentoflavone on the formation of 
autophagosome 

The effect of amentoflavone on the formation of 
autophagosome was investigated by the degree of MDC 
absorbed into autophagosome by the action of autophagy. 
Amentoflavone above 2 μM displayed a remarkable 
fluorescence image in A549 cells as shown in Figure 2A. 
It was observed that it induced autophagy by 1.7-fold 
increase compared with tamoxifen treatment group used 
as a positive control in Figure 2B. In order to examine its 
cytotoxicity at the same time, the cells were stained with 
PI. Amentoflavone above 2 μM showed PI staining 
that means the cell death as shown in Figure 2C. 
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Fig.2: Effect of amentoflavone on formation of autophagosome in A549 cells. The cells (1×105 cells) were treated with amentoflavone at the indicated 
concentration. The level of autophagosome formation was evaluated in the presence of amentoflavone or tamoxifen. A. The autophagosome was 
stained by MDC and the damaged cells or dying cells were stained by PI, B. The effect of amentoflavone on autophagy was analyzed by the fluorescence 
measurement of autophagic vacuole. The cells showing autophagic vacuoles were quantified by fold increase in green detection reagent signal, and C. The 
effect of amentoflavone on the cell viability was analyzed by the fluorescence measurement of dead cells stained by propidium iodide. Data are shown 
as the mean of values ± SD obtained from three independent experiments. The level of significance was identified statistically (**; P<0.01, ***; P<0.001) 
using Student’s t test. MDC; Monodansylcadaverine and PI; propidium iodide.

Effect of amentoflavone on the expression of Atg7 and 
autophagy-related proteins

In order to confirm the effect of amentoflavone on 
the induction of autophagy, the expression of Atg7, 
an autophagic marker, was examined in A549 cells 
using immunofluorescence analysis. Cell nuclei were 
labeled with blue DAPI fluorescence dye and the target 
protein Atg7 was stained with a red CY3 fluorescence 
dye as shown in Figure 3A. It was confirmed that 
amentoflavone at 4 μM exhibited a higher red image 
than tamoxifen at 20 μM used as a positive control, 
indicating that amentoflavone could induce a higher 
expression of Atg7 protein related to induction of 
autophagy. Western blotting was also carried out to 
examine the level of autophagy-related proteins by 
amentoflavone. Amentoflavone at 8 μM remarkably 
increased the levels of LC3, Becline1, and Atg7 
involved in the formation of autophagosome in A549 
cells as shown in Figure 3B and 3C. Moreover, it was 
found that it can increase the levels of above-mentioned 
proteins at a higher level than the tamoxifen group. 
However, amentoflavone decreased the level of Bcl-2 

protein, an anti-autophagy marker, and did not affect 
the level of Atg3. 

Effect of amentoflavone on the expression of proteins 
related to p53 signaling pathway

In order to investigate the effect of amentoflavone 
on p53 signaling pathway involved in the senescence 
mechanism, immunofluorescence for p53 and p21 
proteins were performed in this study. The nucleus of 
A549 cells was stained with DAPI, and the p-p21 and 
p53 proteins were labeled with green FITC and red 
CY3 fluorescence dyes, respectively. Amentoflavone 
treatment above 2 μM or 4 μM remarkably increased 
the levels of p53 protein and p-p21 proteins, 
respectively, as shown in Figure 4A. The effect on the 
level of proteins related to p53 signaling pathway was 
examined using western blot analysis. Amentoflavone 
above 2 μM increased the level of p53 as shown in 
Figure 4B and C. Similarly, the level of p-p21 protein 
was enhanced in the presence of amentoflavone above 
2 μM. However, amentoflavone above 2 μM decreased 
the level of acetyl-p53.
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Fig.3: Effect of amentoflavone on the expression of Atg7 and autophagy-
related proteins. A. The images of Atg7 immunofluorescence-stained 
A549 cells were shown by the red color. The arrows show Atg7 has 
been localized to the cell cytosol (scale bar: 100 µm), B. The effect 
of amentoflavone on protein expressions of LC3, Bcl-2, Beclin1, Atg3, 
Atg7, and β-actin was analyzed by western blot, and C. The level of 
proteins expression was quantified by Multi Gauge V3.0 software. Data 
are presented as the mean of values ± SD from three independent 
experiments. The level of significance was identified statistically (***; 
P<0.001) using Student’s t test. 

Fig.4: Effect of amentoflavone on the expression of proteins related 
to p53 signaling pathway. A. The images of p53 (FITC) and p-p21 (CY3) 
immunofluorescence-stained A549 cells were shown by the green 
and red color, respectively. Arrows show p53 and p-p21 have been 
localized to the cell cytosol or nuclear (scale bar: 100 µm), B. The 
effect of amentoflavone on protein expressions of p-p21, p53, ac-p53, 
and p-p53 was analyzed by western blot, and C. The level of protein 
expressions was quantified by Multi Gauge V3.0 software.
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Immunofluorescence analysis for the effect of 
amentoflavone on expression of SIRT1 

The anti-aging effect of amentoflavone was investigated 
by the analysis of SIRT1 protein expression involved in 
the senescence mechanism using immunofluorescence 
staining. The nucleus of the cell was stained with DAPI, 
and the SIRT1 protein was labeled with a red CY3 
fluorescence dye, respectively. Resveratrol treatment 
used as a positive control showed the highest level of 
SIRT1 protein in the treatment groups as shown in Figure 
5. Although the effect of amentoflavone on the level of 
SIRT1 was lower than that of the resveratrol treatment 
group, it remarkably increased the level of SIRT1 
compared with the blank group.  

Fig.5: Immunofluorescence analysis of the effect of amentoflavone on 
expression of SIRT1. The images of SIRT1 (CY3) immunofluorescence-
stained A549 cells were shown by the red color. The cells were cultured 
in the presence of amentoflavone and detected with a rabbit polyclonal 
antibody against SIRT1. Arrows show SIRT1 has been localized to the cell 
cytosol. Res stands for resveratrol used as a positive control in this study 
(scale bar: 100 µm).

Effect of amentoflavone on cell aging in A549 cells and 
WI38 cells 

The effect of amentoflavone on aging of A549 cells was 
investigated using SA-β-galactosidase staining assay as 
a senescence marker. In this study, the aging of cells was 
induced by the short-term of treatment with H2O2 at 10 μM. 
H2O2 treatment showed a higher blue staining image than 
the blank group, indicating that H2O2 can induce the cell 

aging as shown in Figure 6A. However, amentoflavone 
treatment remarkably decreased the blue staining image 
induced by H2O2, indicating that the cell aging induced 
by H2O2 is inhibited by amentoflavone. The effect of 
amentoflavone on senescence was also examined using 
SA-β-galactosidase staining assay normal lung fibroblasts 
(WI38 cells). The senescence of WI38 cells was induced 
by the long-term treatment of 5 ng/mL of IGF-1 or the 
treatment with H2O2 at 10 μM. The IGF-1 treated group 
exhibited a good phenotype of the cellular senescence 
showing a strong blue staining with a wide flattened shape, 
a typical shape of the aged cell as shown in Figure 6B. 
H2O2treated group showed the phenotype of the cellular 
senescence but the shape of the aged cell was slightly 
less than the IGF-1 treated group. It was observed that 
the amentoflavone treatment group above 2 μM reduced 
the degree of blue staining and increased the cell size into 
the wide flattened shape, indicating that amentoflavone 
reduces the senescence.  

Fig.6: Effect of amentoflavone on senescence-associated (SA)-β-galact
osidase staining in A549 cells and in human lung fibroblast cells (WI38). A. 
After the cells were treated with amentoflavone and H2O2 (10 μM) for 24 
hours, SA-β-gal staining was carried out (scale bar: 100 μm). The senescent 
cells were stained by the blue color and B. After the cells were treated with 
amentoflavone and IGF-1 (5 ng/mL) for 6 days or H2O2 (10 μM) for 24 hours, 
SA-β-gal staining assay was carried out (scale bar: 100 µm). 
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Discussion
As various studies on longevity have progressed, a 

variety of pathways associated with aging have been found 
and some gene manipulations succeed the life extension 
of the simple model such as the nematode (18) .In recent 
years, autophagy is closely related to the aging. Fasting 
related to IGF-1 pathway and rapamycin associated 
with mTOR mechanism necessarily require autophagy 
process for the life extension (19). Therefore, this study 
focused on the investigation whether the inductive effect 
of amentoflavone, a biflavonoid compound contained in 
Selaginella tamariscina, on autophagy could modulate the 
senescence induced by the long-term of IGF-1 treatment 
via p53 and SIRT1 signaling pathway.

In the first place, the effect of amentoflavone on the 
induction of autophagy was determined by the formation of 
autophagosome that is the first step in autophagy process. 
Beclin1 (Atg6) and class Ⅲ phosphatidylinositol 3-kinase 
(PI3 kinase) form a complex with Vps34, creating inactive 
form of the autophagosome (20).  Amentoflavone increased 
the formation of such autophagosome and, remarkably, also 
enhanced the level of Beclin1 in A549 cells. Amentoflavone 
exhibited a higher effect than tamoxifen used as a positive 
control in forming autophagosome. Amentoflavone is believed 
to promote the formation of the initial autophagosome by 
increasing not only the extension of the phagophore and the 
expression of LC3 (Atg8) protein promoting the formation 
of autophagosome but also the expression of Atg7 activating 
its ubiquitination. Ubiquitin-like protein of Atg8 exists in a 
complex form (Atg8-PE) with phosphatidylethanolamine 
(PE) in autophagic membranes (or phagophore) and 
mediates the fusion portion of liposomes containing Atg8-
PE and tethering in in vitro system (21). Therefore, the 
positive effect of amentoflavone on the expression of LC3 
and Atg7 proteins could affect even after the formation 
autophagosome, and the effect of amentoflavone on a later 
stage of autophagy should be further studied. 

These findings confirm that amentoflavone strongly 
promotes the autophagy process in the early stage, in 
particular by increasing the formation of autophagosome 
than tamoxifen by increasing the level of the Beclin1, 
Atg7, and LC3 proteins. Moreover, a previous study 
reported that the crosstalk between autophagy and 
apoptosis can be modulated by the interaction between 
Bcl-2 family proteins and Beclin1, a Bcl-2 interacting 
protein that promotes autophagy (22). 

On the other hand, it was previously reported that 
apigenin. The monomer of amentoflavone, inhibits 
mTOR, an autophagy repressor, and its downstream target 
p70S6K, but does not alter the level of Beclin1, (23). In 
addition, it was found that the induction of autophagy by 
apigenin-mediated AMPK activation is accompanied by 
the inhibition of the mTOR signaling pathway as a potent 
chemopreventive agent (24).

In this study, amentoflavone inhibited the protein 
expression of Bcl-2, which is consistent with the previous 

report that Bcl-2 not only acts as an anti-apoptosis factor 
but also functions as an anti-autophagy factor (25), 
indicating that amentoflavone could induce apoptosis. 
Amentoflavone decreased the level of Bcl-2 protein 
which inhibits the formation of Bcl-2-Beclin1, complex 
and promotes the dissociation of Beclin1, leading to the 
induction of autophagy as well as apoptosis which is 
promoted by the inhibition of Bcl-2 protein (26). At this 
point, the action mechanism of amentoflavone on the 
induction of autophagy is distinct from that of apigenin.

The previous studies have suggested that amentoflavone 
has a great development potential as an anti-cancer drug 
on apoptosis in this inductive effect (25, 27). Our findings 
also suggest that amentoflavone could be developed 
as a potential anti-cancer drug. Although p53 induces 
apoptosis, it is a tumor suppressor protein which is closely 
involved in the development of cancer (28). Moreover, 
p53 protein is closely related to the aging mechanism 
(29). SIRT1 and p53 proteins have been reported to play 
a key role in the senescence induced by the insulin-like 
growth factor-1 (8). The activity of SIRT1, suppressed 
by the treatment of IGF-1 in the long-term, reduces 
the deacetylation of p53, resulting in the induction of 
senescence. In another report, SIRT1 suppresses the 
senescence in normal cells such as HDF, but it induces 
the senescence in some cancer cells such as MCF-7 and 
H1299 by inhibiting their growth and proliferation (30, 
31). Thus, SIRT1 is an important factor in determining 
the activity of p53 (8). The activation of p53 protein is 
made by the SIRT1, as a histone deacetylase, that directly 
deacetylates p53 protein (32). In this study, amentoflavone 
increased the level of p53 protein, matching the increase 
of p-p21 expression activated by the p53 transcription 
factor. However, the level of acetyl-p53 protein was 
decreased by amentoflavone. 

Although the expression of p53 is increased by 
amentoflavone, the activation of the p53 protein by the 
increased SIRT1 is believed to be offset. Therefore, this 
result is explained to be caused by the increased expression 
of SIRT1. The previous studies on the interaction of SIRT1 
with p53 protein support that amentoflavone increases 
the level of p53 protein, but rather its increase in SIRT1 
level explains very well our result that it could induce 
autophagy higher than apoptosis (8, 33). Moreover, most 
of aging studies have reported that the accumulation of 
p53 protein causes the aging of cells, but the explanation 
on the aging of an organism is not sufficient yet by the 
accumulation of p53 protein alone. In fact, p53 protein 
inhibits the aging of cells, and the inhibitory effect of the 
cell aging by p53 protein disappears by nutrin3a, a p53 
inhibitor (34). Finally, the study on the premature aging 
of WI38 cells induced by H2O2  and the long-term of IGF-
1 confirmed that amentoflavone could inhibit the aging 
of these cells. In this study, we investigated to observe 
the effect of amentoflavone on the induction of autophagy 
at the protein level, and how the induction of autophagy 
affects the aging of the cell. 
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Conclusion
Amentoflavone increases the expression of Beclin1, 

Atg7, Atg8, and LC3 proteins but decreases the expression 
of Bcl-2, leading to the promotion of initial autophagy 
by contributing to the formation of autophagosome. 
Furthermore, the inductive effect of autophagy by 
amentoflavone reduced the senescence. In addition, the 
levels of p53 and SIRT1 proteins were increased in the 
presence of amentoflavone. Therefore, these results 
suggest that amentoflavone increases the survival rate of 
cells by the induction of autophagy, which is expected as 
a potential candidate inhibiting various diseases related to 
autophagy and cell aging. 
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Abstract
Objective: The extracellular matrix (ECM) of the cumulus oocyte complex (COC) is composed of several molecules 
that have different roles during follicle development. This study aims to explore gene expression profiles for ECM and 
cell adhesion molecules in the cumulus cells of polycystic ovary syndrome (PCOS) patients based on their insulin 
sensitivity following controlled ovarian stimulation (COS).  
Materials and Methods: In this prospective case-control study enrolled 23 women less than 36 years of age who 
participated in an intracytoplasmic sperm injection (ICSI) program. Patients were subdivided into 3 groups: control (n=8, 
fertile women with male infertility history), insulin resistant (IR) PCOS (n=7), and insulin sensitive (IS) PCOS (n=8). We 
compared 84 ECM component and adhesion molecule gene expressions by quantitative real-time polymerase chain 
reaction array (qPCR-array) among the groups.         
Results: We noted that 21 of the 84 studied genes differentially expressed among the groups, from which 18 of these 
genes downregulated. Overall, comparison of PCOS cases with controls showed downregulation of extracellular matrix 
protein 1 (ECM1); catenin (cadherin-associated protein), alpha 1 (CTNNA1); integrin, alpha 5 (ITGA5); laminin, alpha 
3 (LAMA3); laminin, beta 1 (LAMB1); fibronectin 1 (FN1); and integrin, alpha 7 (ITGA7).  In the IS group, there was 
upregulation of ADAM metallopeptidase with thrombospondin type 1 motif, 8 (ADAMTS8) and neural cell adhesion 
molecule 1 (NCAM1) compared with the controls (P<0.05).                 
Conclusion: Downregulation of ECM and cell adhesion molecules seem to be related to PCOS. Gene expression 
profile alterations in cumulus cells from both the IS and IR groups of PCOS patients seems to be involved in the 
composition and regulation of ECM during the ovulation process. This study highlights the association of ECM gene 
alteration as a viewpoint for additional understanding of the etiology of PCOS.          
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Introduction

Polycystic ovary syndrome (PCOS) is a frequent 
endocrinopathic condition among reproductive aged 
women with a prevalence of 8-12% (1). According to the 
Rotterdam ESHRE/ASRM Consensus, diagnostic criteria 
for PCOS include oligo/anovulation, hyperandrogenism, 
and polycystic ovaries (detected by sonography) (2). 
Although the etiology of PCOS is uncertain, there is a 
confirmed familial and genetic basis for PCOS (3). The 
consequential complications of PCOS are follicular 
maturation arrest and insulin resistance (4, 5). Insulin 
resistance is defined as the impaired insulin ability to 

maintain glucose homeostasis, which leads to an increase 
in insulin levels in the bloodstream (6). The role of insulin 
resistance in the pathogenesis of PCOS is uncertain, but 
studies lend support to the hypothesis that insulin plays 
an important role in regulating the response of human 
granulosa cells to gonadotropins (7). Hyperinsulinemia 
is a condition that damages oocyte developmental 
competence, resulting in reduced rates of fertilization, 
embryonic development, and implantation in obese PCOS 
patients (8).

Folliculogenesis needs communication between the 
oocyte and surrounding somatic cells (9, 10). These 
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somatic cells comprise two populations, specialized layers 
of flattened granulosa cells which line the antrum of follicles 
and a specified type of granulosa cells called cumulus cells 
which surround the oocyte in the preovulatory follicle. 
Cumulus cells undergo “cumulus expansion”, a process that 
requires these cells to form new ECM that binds the oocyte 
and cumulus cells together (5, 11). This process enables the 
oocyte to resume maturation. A surge of luteinizing hormone 
(LH) is necessary to initiate ovulation (5). 

The extracellular matrix (ECM) of the cumulus oocyte 
complex (COC) is  composed of several molecules 
with varying roles such as differentiation, division, cell 
death, and migration. Interestingly, all of these roles 
are associated with follicle development. Appropriate 
formation of the expanded cumulus matrix is critical for 
ovulation. Successful follicular rupture and fertilization 
is sensitive to perturbations in the composition and 
functional capacity of the cumulus matrix (11). The 
backbone of the expanded cumulus matrix is hyaluronic 
acid (HA), a large disaccharide chain common to numerous 
ECM. Synthesis of HA requires glucose. Glucose uptake 
and glycolytic activity in cumulus cells are markedly 
stimulated by the LH surge in rodents, cows, and humans. 
During oocyte maturation, there is an increase in glucose 
flux in the COC. The basement membrane that surrounds 
the granulosa layers of all follicles is composed of type I 
collagen, fibronectin, and laminin (12). 

Proteoglycans such as versican (VCAN) are produced 
primarily by mural granulosa cells and rapidly incorporate 
into developing cumulus matrix. This suggests that VCAN 
binds to HA through its link module and is another organizer 
of the COC matrix structure. Deregulation of ECM matrix 
compartment genes during follicular development is 
important in the pathogenesis of PCOS (13). 

Follicular growth and rupture, as well as early luteal 
formation, partially occur through the action of matrix 
metalloproteinase (MMPs) and their inhibitors. The 
MMP system is involved in connective tissue remodeling 
processes throughout the body. This system comprises 
both proteolytic enzymes and their associated inhibitors. 
MMPs have a potent ability to bind and cleave gelatin and 
act to degrade major constituents of basement membranes 
that include type IV collagen, laminin, and fibronectin. In 
the ovary, MMPs and their inhibitors are hypothesized to 
play a critical role in ECM remodeling associated with 
ovulation, luteal formation, and regression (14). 

Follicular development and ovulation are dynamic 
processes that need broad tissue remodeling. Previous 
studies have reported the abnormal turnover of ovarian 
ECM components that lead to development of PCOS (15). 

In the present study, we assessed the gene expression 
profiles for ECM and adhesion molecules in the cumulus 
cells of infertile PCOS patients based on their insulin 
sensitivity following ovarian stimulation with a gonadotropin-
releasing hormone (GnRH) antagonist protocol. We reported 
downregulation of ECM and cell adhesion molecules as a 
probable etiology of PCOS infertility.

Materials and Methods
Patient selection

The Ethics Committee at Royan Institute approved 
this prospective case-control study (No. EC/93/1078). 
All participants gave informed consent prior to inclusion 
in the study. We ensured the confidentiality of patients’ 
identities this research by data anonymization during 
analysis. This research did not incur any additional costs 
to the patients, nor did it affect their treatment in any 
way. Study participants comprised 23 women, less than 
36 years of age, who underwent intracytoplasmic sperm 
injection (ICSI) and were not affected by thyroid disorders, 
diabetes, or ovarian hyperstimulation syndrome (OHSS). 
We allocated 15 PCOS patients previously diagnosed by 
the Rotterdam 2004 criteria whose partners had normal 
spermogram results (2) to one of two groups, insulin 
resistant (IR) or insulin sensitive (IS), based on fasting 
insulin (FI, cutoff: 12 mU/L) levels and the homeostasis 
model assessment of insulin resistance (HOMA-IR, 
cutoff: 2.57). We calculated HOMA-IR as follows: 
[(fasting serum insulin [mU/L]×fasting serum glucose 
[mmol/L])/22.5] (16). 

The IR group consisted of 7 PCOS patients (FI≥12 
mU/L, HOMA-IR:≥2.57). The IS group consisted of 8 
patients (FI:<12 mU/L; HOMA-IR<2.57). The control 
group consisted of 8 healthy, normal ovulatory fertile 
women with male infertility history. 

Stimulation protocol
Controlled ovarian stimulation (COS) was initiated from 

the third day of the cycle. Patients received regular, daily 
subcutaneous (SC) injections of recombinant follicle-
stimulating hormone (rFSH, Gonal-F, Serono, Switzerland). 
We adjusted the starting dose of rFSH according to each patient’s 
response as measured by transvaginal ultrasonography, antral 
follicle count (AFC), estradiol (E2) level, and anti-Müllerian 
hormone (AMH). Once the ovarian follicles reached 12 
mm in diameter, patients received SC injections of a GnRH 
antagonist, cetrorelix (Cetrotide®, Merck Serono, Germany). 
The protocol consisted of daily Cetrotide® SC injections 
until the criteria for human chorionic gonadotropin (hCG) 
administration was met. When more than 3 follicles reached 
diameters of at least 18 mm and E2 levels of 1000-4000 pg/
mL, each patient received an intramuscular (IM) injection of 
10000 IU of hCG (Pregnyl®, Organon, Netherlands) or SC 
injection of 250 μg Ovidrel (Merck Serono, Germany).

Isolation of cumulus cells
Following oocyte pick-up, the COCs were washed 3-5 

times in G-IVFTM medium (Vitrolife, Sweden) to remove 
blood and excess cells. After washing, the COCs were 
placed in a CO2 incubator at 37˚C for 2 hours in G-IVFTM 
(Vitrolife, Sweden). Oocyte denudation was performed with 
80 IU of hyaluronidase, (Sigma, USA) (17). Immediately 
after oocyte denudation, cumulus cells were washed with 
phosphate-buffered saline (PBS) and we added RNA protect, 
after which the cells were snap frozen in liquid nitrogen and 
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stored at -80˚C until RNA extraction. Cumulus cells were 
collected from metaphase II oocytes (MII).  MΙΙ oocytes 
were fertilized by ICSI within 10 minutes after denudation, 
and then incubated until transfer. The regular fertilization 
rate was controlled (16-20 hours after ICSI). Based on our 
laboratory standards, embryos were graded at the pronuclear 
(16-20 hours) and cleavage (48-72 hours) stages (18, 19). 
We selected 1-2 embryos for transfer based on the embryos’ 
grades, patient age, and previous assisted reproductive 
technology (ART) cycles.  

Purification and preparation of RNA
Total RNA was extracted by a Pico Pure RNA Isolation 

Kit (Arcturus, USA) and treated with RNase-free DNase 
I according to the manufacturer’s instructions. RNA 
concentration and purity were quantified using a Nanodrop 
2000 Spectrophotometer (Thermo, USA).

Quantitative real-time PCR array 
We preamplified 50 ng of total RNA using the RT2 

PreAMP cDNA Synthesis Kit (Qiagene, USA) in a 12-cycle 
multiplex PCR for all genes of interest. We examined the 
same set of genes in the 3 study groups. Quantitative real-
time PCR array (qPCR-array) was performed using the 
Human Extracellular Matrix & Adhesion Molecules RT2 
Profiler PCR Array (Qiagene, USA). These SYBR Green-
based arrays were designed as one sample/one 96-well plate 
using primers for a preset list of genes that included 84 ECM 
and adhesion molecule genes in addition to 12 control wells. 
Only experiments that passed the PCR array run quality 
control were included in the data analyses. Briefly, cDNA 
volumes were adjusted to 2.5 ml with RT2 Real-Time SYBR 
Green/ROX PCR Master Mix (Qiagene, USA). A total of 
25 µL cDNA mix was added to all wells. Real-time PCR 
was performed in a StepOnePlus™ instrument (Applied 
Biosystems, USA). 

Bioinformatics and statistical analysis 
Relative gene expressions were calculated by the 2-∆∆Ct 

method. Ct indicated the cycle threshold, the fractional cycle 
number where the fluorescent signal reached the detection 
threshold. The normalized ∆Ct value of each sample was 
calculated using reference genes with a Ct variation less than 
one among all experiments. Reference genes included beta-2 
microglobulin (B2M); ribosomal protein, large, P0 (RPLP0); 
hypoxanthine phosphoribosyltransferase 1 (HPRT1); actin, 
beta (ACTB); and glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH). The statistical significance of differentially 
expressed genes (DEG) was measured by the two-tailed t test. 
Two-sided P<0.05 were considered significant. 

Visualization of the biological function network of DEG 
was performed using a search tool for the retrieval of 
interacting genes/proteins (STRING; http://string-db.org/), 
an online functional protein interaction network. 

Web-based RT2 Profiler PCR Array data analysis software 
was used for gene expression. Also, clinical parameters 
were analyzed generalized linear model (GLM) procedure. 

Multiple comparisons were implemented using LSMEANS 
statement. All analyses were conducted in SAS version 9.4 
(SAS Institute Inc., Carry, NC, USA). Differences at P≤0.05 
and 0.05<P<0.10 were considered statistically significant and 
tended to be statistically significant, respectively.

Results
Clinical parameters including age, LH/FSH ratio, body 

mass index (BMI), and concentration of fasting blood glucose 
did not significantly differ among the three groups (P>0.05). 
Duration of infertility tended to be longer in IR patients as 
compared with the control group (P=0.097); however, it 
was not different considering other comparisons (P>0.05). 
LH concentration tended to be higher in IS patients than the 
control group (P=0.079), but it did not differ between other 
groups (P>0.05).

The number of follicles and oocytes collected per patient did 
not significantly differ between groups (P>0.05). Number of 
MII oocytes was greater in the control group compared with 
IS (P=0.015) and IR (P=0.048) groups. However, number 
of MII oocytes was not different between IS and IR groups 
(P>0.05). There was no difference in the fertilization rate of 
oocytes among the three groups. Both the IR and IS groups 
had significantly lower numbers of good quality cleavage 
stage embryos compared to the control group (P<0.01). The 
number of transferred embryos did not differ between groups  
(P>0.05, Tables 1, 2). 

We analyzed the expression profiles of 84 genes related 
to the ECM protein and adhesion molecule pathway. Of the 
five reference genes, B2M, RPLP0 and HPRT1, with a Ct 
variation less than one among all experiments, were chosen 
for normalization. Table 3 shows the fold differences for 
DEG among the groups (P<0.05). In the IS group, ADAM 
metallopeptidase with thrombospondin type 1 motif, 8 
(ADAMTS8) and neural cell adhesion molecule 1 (NCAM1) 
upregulated whereas integrin, alpha 2 (ITGA2); collagen, 
type I, alpha 1 (COL1A1); fibronectin 1 (FN1); integrin, 
alpha 7 (ITGA7); and matrix metallopeptidase 2 (MMP2) 
downregulated compared to the control group. Extracellular 
matrix protein 1 (ECM1) and integrin, alpha 5 (ITGA5) 
downregulated in the IR group compared to the control 
group (P=0.030 and P=0.052, respectively). A comparison 
of the IR group with the IS group showed downregulation 
of catenin (cadherin-associated protein), beta 1(CTNNB1); 
catenin (cadherin-associated protein), delta 1 (CTNND1); 
intercellular adhesion molecule 1 (ICAM1); Kallmann 
syndrome 1 sequence (KAL1); laminin, alpha 1 (LAMA1); 
laminin, alpha 2 (LAMA2); VCAN, and vitronectin (VTN) 
along with upregulation of ITGA2. Comparison between 
all PCOS patients to controls showed downregulation 
of ECM1; catenin (cadherin-associated protein), alpha 1 
(CTNNA1); ITGA5; laminin, alpha 3 (LAMA3); laminin, beta 
1 (LAMB1); FN1; and ITGA7. Figure 1 shows the network 
of the respective proteins of DEG. Although this figure 
does not show a mechanism behind our observation, it 
shows interactions among these genes. Hence, they are 
not isolated, independent genes; rather, their produced 
proteins might cooperate as a cluster.

http://string-db.org/
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=Graphics&list_uids=1495
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=Graphics&list_uids=3678
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=Graphics&list_uids=3909
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=Graphics&list_uids=3912
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Table 1: Clinical parameters for control and PCOS patients

P valueIS groupIR groupControl groupPatients (n)

n=8n=7n=8

NS26.25 ± 1.1327.75 ± 1.3730.29 ± 2.15Age (Y)

NS5.31 ± 0.966.75 ± 1.253.14 ± 1.23Duration of infertility (Y)

NS27.18 ± 1.9827.61 ± 1.0423.60 ± 1.47BMI (kg/m2)

NS6.51 ± 0.757.55 ± 1.565.37 ± 0.59FSH (U/L)

NS8.12 ± 1.246.19 ± 0.75.10 ± 0.59LH (U/L)

NS1.27 ± 0.171.07 ± 0.261.14 ± 0.32LH/FSH

NS93.38 ± 3.5691.75 ± 1.4293.14 ± 2.87Fasting glucose (mg/dl)

Variables are presented as Mean ± SE. P values determined by  analyzed generalized linear model (GLM) procedure with significance level of P<0.05.
PCOS; Polycystic ovary syndrome, BMI; Body mass index, FSH; Follicle-stimulating hormone, LH; Luteinizing hormone, IS; Insulin sensitive, IR; Insulin 
resistant, and NS; Not significant.

 

 Table 2: Cycle characteristics and IVF/ICSI outcomes in controls compared to PCOS patients

P valueIS groupIR groupControl groupVariables

n=8n=7n=8

NS14.75 ± 2.3018.25 ± 1.6714.14 ± 1.55Number of follicles

NS12.38 ± 1.9213.00 ± 1.6816.43 ± 1.45Number of oocytes retrieved

a, b=0.0489.88 ± 1.22c10.88 ± 1.27b15.43 ± 1.23aNumber of MII oocytes

a, c=0.015

NS68 (54/79)69 (54/78)72 (78/108)Regular fertilization rate, % (# of 
2PN/# MII oocytes)

NS8.00 ± 1.187.25 ± 1.2510.14 ± 0.86Total embryos

a, b=0.0161.62 ± 0.60c2.00 ± 0.78b5.14 ± 0.83aNumber of good quality embryos

a, c=0.005

NS1.13 ± 0.441.75 ± 0.531.00 ± 0.49Number of ET

Variables are presented as Mean ± SE. P values determined with significance level of P<0.05.
PCOS; Polycystic ovary syndrome, IVF; In vitro fertilization, ICSI; Intracytoplasmic sperm injection, IS; Insulin sensitive, IR; Insulin resistant, MII; Metaphase 
II oocytes, NS; Not significant, 2PN; Two pronuclei, ET; Embryos transferred, a, b; Statistically significant differences between IR patients vs. controls, and a, 

c; Statistically significant differences between IS patients vs. controls.
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Table 3: Differentially expressed gene fold differences among groups

Gene symbols IS vs. control IR vs. control IR vs. IS PCOS vs. control P value

ADAMTS8 3.32a 0.63 2.26 2.77 a=0.031∗

COL1A1 0.43a 2.21 0.94 0.62 a=0.020∗

CTNNA1 0.60 0.98 0.58 0.59d d=0.022∗

CTNNB1 3.78 1.18 0.31c 2.19 c=0.013∗

CTNND1 1.78 0.73 0.41c 1.18 c=0.028∗

ECM1 0.66a 0.49b 0.73 0.57d a=0.052†

b=0.030∗

d=0.011∗

FN1 0.51a 0.65 1.27 0.57d a=0.004∗∗

d=0.012*

ICAM1 1.94 0.78 0.4c 1.27 c=0.011∗

ITGA2 0.54a 0.88 1.64c 0.68 a=0.020∗

c=0.042∗

ITGA5 0.63 0.58b 0.92 0.61d b=0.052 †

d=0.033∗

ITGA7 0.45a 0.51 1.14 0.47d a=0.046∗

d=0.017∗

KAL1 2.09 1.21 0.58c 1.62 c=0.002∗∗

LAMA1 3.96 1.13 0.28c 2.20 c=0.028∗

LAMA2 2.19 0.86 0.39c 1.42 c=0.018∗

LAMA3 0.68 0.52b 0.76 0.6d b=0.059†

d=0.022∗

LAMB1 0.67 0.60 0.90 0.64d d=0.020∗

MMP2 0.40a 1.69 4.21 0.79 a=0.037∗

NCAM1 2.72a 1.64 0.60 2.15 a=0.049∗

THBS3 0.48a 0.77 1.60 0.60 a=0.039∗

VCAN 3.50 1.01 0.29c 1.96 c=0.030∗

VTN 2.29 1.26 0.55c 1.73 c=0.037∗

The statistical significance of differentially expressed genes (DEG) was measured by the two-tailed t test.
IS; Insulin sensitive, IR; Insulin resistant, PCOS; Polycystic ovary syndrome, ∗; P<0.05, ∗∗; P<0.01, †; statistically marginal difference 0.05<P<0.06. Last 
column represents P value of comparison between groups, a; IS vs. control, b; IR vs. control, c; IR vs. IS, and d; PCOS vs. control.

http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=Graphics&list_uids=1495
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=Graphics&list_uids=3678
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=Graphics&list_uids=3909
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=Graphics&list_uids=3912
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Fig.1: Protein-protein interaction network of respective proteins to differentially expressed genes (DEG) in cumulus cells from among the groups. 
Thicknesses of interactions show confidence levels according to the STRING database. 

Discussion
In terms of in vitro fertilization (IVF)/ICSI outcome, 

the present study showed that IR might be associated 
with low oocyte maturity in infertile PCOS women, but 
this did not affect the regular fertilization rate of oocytes 
between the 3 groups. According to our data, both the IR 
and IS groups had significantly lower numbers of good 
quality embryos compared to the control group. 

The expression pattern of cumulus cells of infertile PCOS 
patients in an IVF program was studied and compared 
based on their insulin sensitivity. Differences arise in 
the expression of genes involved in the composition and 
regulation of COC ECM. We highlighted the association 
of ECM and cell adhesion molecule gene alterations in 
order to understand the etiology of PCOS as a genetically 
complex disorder. The importance of cumulus cells in 
the control of oocyte metabolism has been reported (20). 
Malfunction of these cells might have a role in PCOS 
pathogenesis (21). 

Since the report on insulin hypersecretion by Burghen 
et al. (22), this disorder has been reported consistently 
in women with PCOS. There are molecular mechanisms 
that can elucidate insulin resistance in PCOS patients. 
It seems that a major contributor to insulin resistance 
in PCOS patients is a reduction in insulin sensitivity 
secondary to a defect in insulin signaling (23). Recent in 
vitro studies have revealed differential insulin signaling in 
human luteinized granulosa cells of PCOS patients with 

and without insulin resistance (24). According to recent 
studies, comparison of PCOS patients with controls has 
shown differential expression of ECM related genes. The 
studied DEGs associated with O- and N-glycosylation, 
which is important in ECM components gathering; these 
mechanisms highlight the key role of ECM components 
during folliculogenesis (25). Differential expression of 
ECM and cell adhesion molecules genes were identified in 
IR versus IS PCOS patients. It seemed that dysregulation 
of ECM components could associate with defective oocyte 
maturation, as well as a decrease in embryo quality, even 
after IVF treatment.

Among DEG detected in this study, an association with 
some genes had previously been reported with PCOS, 
such as ADAMTS8; integrin, beta 2 (ITGB2); CTNNB1; 
and cadherin 1 (CDH1) (26, 27). 

In the present study, we have observed downregulation 
of CTNNB1 and CTNND1 in IR PCOS patients 
compared to IS PCOS patients. CTNNB1, is a key 
effector of the canonical Wnt/frizzled (FZD) pathway. 
CTNNB1 not only mediates cell-cell adhesion, but 
also acts as a transcription factor. In the latter context, 
CTNNB1 protein is phosphorylated and subsequently 
degraded by a large multi-protein complex that 
includes glycogen synthase kinase 3 beta (GSK3ß) 
(28). Microarray analysis of PCOS ovaries compared 
to normal ovaries have shown downregulation of genes 
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that encode for components of Wnt signaling (27). 
In animal studies, disruption of CTNNB1 expression 
in granulosa cells is predictive of major changes in 
granulosa cell performance (29). 

We observed downregulation of VCAN in IR versus 
IS patients, which agreed with a recent study that has 
highlighted a possible role for VCAN in ovulatory 
dysfunction of PCOS patients (30). VCAN is one of the 
markers of oocyte developmental competence. According 
to Gebhardt et al. (31), cumulus cells separated from 
oocytes that led to live birth had significantly elevated 
VCAN expression.

Expression of the KAL1 gene decreased significantly 
in IR versus IS patients. A recent study highlighted the 
role of KAL1 as one of the ECM components in oocyte 
maturation (32). In our study, downregulation of KAL1 
in IR versus IS patients interfered with normal oocyte 
maturation. 

We observed downregulation of MMP2 in the IS group 
compared to the control group. Curry and Osteen (33) 
proposed that the MMP system might regulate normal 
follicular maturation and atresia in order to attain the 
appropriate number of ovulatory follicles. Recent studies 
showed that MMP2 highly expressed during ovulation 
(34); therefore, downregulation of this gene in PCOS 
patients could affect normal ovulation.

Insulin resistance can lead to structural alterations in the 
basal lamina of the insulin-responsive organs. Under the 
influence of insulin resistance, ovulation mechanisms in 
the ovaries are impaired and hyperinsulinemia is present 
prior to anovulation (6, 24). Cumulus cells organize 
the ECM structure prior to ovulation and provide a 
microenvironment essential for normal fertilization. 
In this regard, ECM components play a critical role in 
reproductive performance (15). An abnormal turnover of 
ovarian ECM components has been considered in PCOS 
patients in a previous report (35). Of the altered genes, 
downregulation of COL1A1 and FN1 in IS patients in 
addition to LAMA1 and LAMA2 in IR versus IS patients 
was not previously reported. To the best of our knowledge, 
the current study was the first real time based simultaneous 
analysis of more than 80 ECM and cell adhesion genes as 
a more reliable technique compared to microarrays.

ECM1 is a secretory glycoprotein which regulates 
cell proliferation and invasion by an increase in glucose 
transporter (GLUT) expression (36). In this study, we 
found that the ECM1 gene downregulated in the IR group. 
Since glucose is necessary for oocyte maturation, ECM1 
downregulation could reflect the role of IR in antral 
follicle arrest in PCOS patients.

Integrin (ITG) families are heterodimeric integral 
membrane proteins composed of an alpha subunit and a 
beta subunit that function in cell surface adhesion and 
signaling (37). According to the results by Liu et al. (38), 
the ITG gene family downregulated in PCOS cumulus 

cells compared with a control group. Due to the importance 
of ITG genes in cell adhesion, they suggested that the 
communication of oocyte and its neighboring cumulus 
cells in PCOS patients might be disrupted. According 
to our data, ITGA5 and ITGA7 downregulated in PCOS 
patients compared to the control group. ITGA7 functions 
as receptor for the basement membrane protein laminin-1. 
ITGA5 is known as a fibronectin receptor.  Recent studies 
have shown that alterations of some genes are associated 
with oocyte nuclear maturation in PCOS (39). Cell-matrix 
adhesion molecules such as ITG family are important in 
this process. 

Conclusion
Downregulation of ECM and cell adhesion molecule 

genes in cumulus cells of infertile PCOS women with and 
without insulin resistance can have an association with 
decreased numbers of mature oocytes and good quality 
embryos.
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Abstract
Objective: Mycoplasmas are major contaminants of cell culture and affect in vitro biological and diagnostic tests. 
Mycoplasma detection is conducted using culture and molecular methods. These methods vary in terms of accuracy, 
reliably and sensitivity. Loop-mediated isothermal amplification (LAMP) is used to amplify target DNA in a highly specific 
and rapid manner. This study aimed to develop a LAMP method for rapid detection of Mycoplasma in culture samples. 
Materials and Methods: In this descriptive laboratory study, for LAMP detection of Mycoplasma contaminations in cell 
culture, we used primers specifically designed for targeting the 16S rRNA conserved gene of Mycoplasma spp. For 
a positive control structure, 16S rRNA amplified based on PCR, was cloned in a plasmid vector and sequenced. The 
assay specificity was evaluated using Mycoplasma genomic DNA and a panel containing genomes of gram-positive 
and gram-negative organisms.         
Results: In this study, the method developed for detection of Mycoplasma contamination of cell cultures was a rapid, 
sensitive and cost-effective LAMP approach. The results demonstrated that this method benefits from high specificity 
(100%) for amplification of Mycoplasma strains and high speed (multiplication within 60 minutes), while it does not 
require expensive laboratory equipment compared to those needed for polymerase chain reaction (PCR)-based 
detection.                
Conclusion: Our study is the first report about application of LAMP assay based on 16S rRNA gene for detection of 
Mycoplasma strains; this technique could be considered a useful tool for rapid detection of contamination of cell culture.          
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Introduction
Over the last decades, cell culture has been frequently 

used as a main research tool in medical and biological 
experiments (1). Cell culture contaminants can be 
categorized into chemical and biological contaminants. 
Impurities in media, and sera, endotoxins, and detergents 
are major chemical contaminants, and bacteria, molds, 
yeasts, viruses, mycoplasma, and cross contamination of 
other cell lines, are regarded as biological contaminants 
(2). Mycoplasma contamination is a serious concern 
that exists when using cell culture (3, 4). The primary 
starting material, glassware or apparatus, culture reagents 
(mainly fetal bovine serum), laboratory staff and cross-
contamination of infected cultures are examples of 
Mycoplasma contamination sources (5, 6). The prevalence 
of Mycoplasma contamination of cell cultures has been 
estimated to range from 5 to 35% (7, 8) while prevalence 
of cell culture infections with two or more Mycoplasma 
species are between 7 and 60% (1). Mycoplasma infection 
affects different aspects of the infected cell culture, 
resulting in obtaining spurious experimental data (5, 9). 
Mycoplasmas are the smallest free-living microorganisms 
which are characterized by their round or filamentous 
shape, absence of a rigid cell wall and a DNA genome in 

the Mb range (4, 7, 10). Most of Mycoplasma species are 
not pathogenic (7); however, Mycoplasma pneumoniae is a 
human pathogen (11). The species that are frequently found 
in cell culture are Acholeplasma laidlawii, Mycoplasma 
arginini, Mycoplasma fermentans, Mycoplasma hominis, 
Mycoplasma hyorhinis, and Mycoplasma orale (12). 

Several methods have been developed for detection 
of Mycoplasma spp. (13) including microbiological 
cultivation, biochemical assays, ELISA, direct or indirect 
fluorescent staining, immunofluorescence and nucleic 
acid amplification techniques [direct or nested polymerase 
chain reaction (PCR)] (7, 9). Isolation on selective 
microbiological growth media has been regarded as 
the reference method as well the ‘gold standard’ assay, 
for a long period of time (14). Unfortunately, routine 
diagnosis procedures are usually time-consuming (i.e. 
several weeks are required to achieve results) and need 
high-level technical skills and expert personnel. Thus, fast 
and sensitive detection methods are needed to evaluate 
putative contaminated cell cultures. In this regard, newer 
test systems developed based on molecular biological 
methods, in particular PCR, which give results within 4.5-
24 hours are commonly used by cell culture laboratories 
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(15). However, complicated procedures and relatively 
costly machinery required for PCR and electrophoresis 
processes have restricted its use (16, 17). Therefore, 
development of simple, sensitive, specific, rapid and low-
cost detection methods is of crucial importance (11).

Loop-mediated isothermal amplification (LAMP) 
assay is a novel gene amplification technique which 
uses 4-6 primers that recognize specific regions on the 
target DNA. The LAMP reaction is carried out under 
isothermal conditions (60-65˚C), thereby obviating the 
need for a thermal cycler (18, 19). This method amplifies 
specific sequences of DNA in a shorter period of time 
compared to PCR with high specificity and efficiency but 
no need for a special reagent (17). Moreover, the LAMP 
reaction’s product can be detected in real time by turbidity 
monitoring, which the turbidity is correlated with the 
production of magnesium pyrophosphate (20), or optical 
monitoring  of a fluorescent intercalating dye by naked 
eyes (21). Therefore, it can be used for a rapid detection 
of various infectious diseases (18, 22).

The aim of this study was to design and develop a 
reliable, rapid and specific LAMP assay based on the 
conserved section of 16S rRNA gene for detection of 
Mycoplasma contamination of cell cultures. To the best 
of our knowledge, this is the first report on application of 
this method for detection of Mycoplasma contamination 
in cell cultures based on 16S rRNA gene.

Materials and Methods 

Primer design
Initially, 16S rRNA sequences of Mycoplasma spp. 

were retrieved from GenBank (http://www.ncbi.nlm.
nih.gov/genbank/). These sequences were selected from 
12 Mycoplasma hominis, 8 Mycoplasma hyorhinis, 
3 Mycoplasma salivarium, 3 Mycoplasma orale, 3 
Acholeplasma laidlawii, 1 Mycoplasma arginine, 5 
Mycoplasma fermentans, and 5 Spiroplasma. The 
sequences were aligned using CLC Sequence Viewer 
6.4 (CLC bio, Aarhus, Denmark). Then, a set of six 
Mycoplasma-specific LAMP primers containing outer 
primers (F3-Myco and B3-Myco primers), inner primers 
(FIP-Myco and BIP-Myco) and a loop primer (loop-
Myco) were designed based on the consensus sequence 
of the target gene by an online software program (Primer 

Explorer V4) from Eiken chemical (http://primerexplorer.
jp/e/). The theoretical specificity of the designed primers 
was checked by an in-silico analysis using BLAST and 
Primer-BLAST on NCBI Server (http://www.blast.ncbi.
nlm.nih.gov/). The LAMP primers were synthesized 
commercially (Bioneer, Korea) (Table 1). 

Cell culture and bacteria and DNA extraction 
To perform this descriptive laboratory study, ten cell 

cultures contaminated with mycoplasmas, some non-
contaminated cell culture and a DNA reference standard 
Mycoplasma were obtained from the Academic Center 
for Education, Culture and Research of Tehran, Iran. The 
standard bacteria including Shigella sonnei ATCC 9290, 
enteropathogenic Escherichia coli (EPEC) ATCC 43887, 
Klebsiella pneumoniae ATCC 7881, Bacillus subtilis 
ATCC 6051, Pseudomonas aeruginosa ATCC 9027, 
Staphylococcus aureus ATCC 25923, Enterococcus faecalis 
ATCC 29212, and Yersinia enterocolitica ATCC 23715, were 
used as negative control in specificity testing. DNA of all cell 
cultures and standard bacterial species were extracted using 
the EZ-10 Spin Column Genomic DNA kit (Bio Basic Inc., 
Ontario, CA) according to the manufacturer’s instructions. 
DNA was quantified spectrophotometrically and then stored 
at -20˚C till used as PCR template DNA and in LAMP assay 
and specificity tests.

Polymerase chain reaction reactions
Amplification reaction was performed for DNA 

of contaminated cell cultures, non-contaminated cell 
cultures, Mycoplasma DNA reference and negative 
control strains in 25 µl volume containing 6 μl of purified 
DNA, 12.5 µl of 2X reaction mix, 0.5 µM of each F3-
Myco and B3-Myco outer primers (Table 1), 1 U of 
Taq DNA polymerase and 4.5 μl double distilled water. 
The PCR conditions were as follows: After an initial 
denaturing step at 94˚C for 4 minutes, 35 cycles of the 
following steps were carried out: denaturation at 94˚C 
for 45 seconds; annealing at 48.1˚C for 45 seconds, and 
extension at 72˚C for 45 seconds. Thermal cycling was 
carried out using an ABI 2720 thermocycler (Applied 
Biosystems, Warrington, UK). PCR products were 
separated on 2% agarose gels and compared against 100 
bp DNA ladder (Fermentas, Lithuania) as a size marker, 
under UV gel documentation. 

 Table 1: Primers for 16S rRNA gene of Mycoplasma spp. used in the loop-mediated isothermal amplification and polymerase chain reaction

Sequence (5′–3′)Primer

GCG ATG GCT AAC TAT GTC CCF3-Myco

TCG CCT TTG GTG TTC TTC CB3-Myco

AGC CTA CGA ACG CTT TAC GCC CAG CCG TAA TAC ATA GGFIP-Myco

AAC CCT GGC TCG CTT TGG ATA CGC ATT TCA CCG CTT CABIP-Myco

CAA TAA TTC CGG ATA ACG CTT GCLOOP-Myco

http://www.ncbi.nlm.nih.gov/genbank/
http://www.ncbi.nlm.nih.gov/genbank/
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Cloning and preparation of standard plasmid

After PCR amplification of the 16S rRNA gene 
of Mycoplasma using the outer primers, TA cloning 
of the product was performed. For this purpose, the 
PCR product was purified using the PCR Purification 
Kit (Bioneer, Korea). The purified 16S rRNA gene 
fragment with the length of 219 bp was ligated into 
pTZ57R/T vector by 1 U of T4 DNA ligase, according 
to instructions of InsTAcloneTM PCR Cloning Kit 
(Fermentas, Lithuania). Competent cells of E. coli 
Top10 F´ were transformed with the ligation reaction 
product. The transformed cells were incubated at 37˚C 
for 24 hours on Luria-Bertani (Merck, Germany) 
medium containing 38.4 µg/ml IPTG (isopropyl-
beta-D-thiogalactopyranoside, Sigma, St. Louis, 
MO, USA), 40 µl/ml X-gal (5-bromo-4-chloro-3-
indolyl beta D-galactoside, Sigma, Germany), 50 µg/
ml nalidixic acid and 100 µg/ml ampicillin (Merck, 
Germany). Recombinant clones on the medium were 
identified by blue/white screening and some white 
colonies containing recombinant vector were chosen 
for extra evaluation. Then, plasmids of the selected 
clones were extracted by AccuPrep Plasmid Mini 
Extraction kit (Bioneer, Korea) and 16S rRNA gene 
containing recombinant plasmids, were confirmed 
by PCR with the outer primers and sequencing. The 
confirmed plasmid was named pTZ57R/T-16S rRNA 
and quantified using UV absorbance measurement at 
260 and 280 nm and further used as positive control in 
the LAMP assay.

The loop-mediated isothermal amplification assay

The LAMP reaction was conducted for all 
Mycoplasma DNA extracted from cell culture samples 
in 25 µl reaction mixture containing 12.5 µl 2X reaction 
mix, 1.5 µl the primer mix (40 pmol of each inner 
primer and 5 pmol of each outer primer) (Table 1), 8 U 
of Bst DNA polymerase large fragment (New England 
Biolabs, Ipswich, MA, USA), 6 µl of template genomic 
DNA and 5 μl molecular grade water. The mixture was 
incubated at 63˚C for 60 minutes in a Loopamp real-
time turbidimeter (LA-320C, Teramecs, Japan), and 
turbidity of the reaction mix was determined at 650 nm 
every 6 seconds. Finally, the reaction was terminated 
by heating to 80˚C for 5 minutes in order to denature 
the Bst DNA polymerase large fragment. The LAMP 
reactions were examined by Loopamp real-time 
turbidimeter, electrophoresis of products on 2% agarose 
gel and direct visual observation to judge turbidity. 
Cycle sequencing method using F3-Myco and B3-
Myco primers, was performed for final confirmation 
of the amplified products. The sequencing results were 
checked by BLAST (http://blast.ncbi.nlm.nih.gov/
Blast.cgi). To determine the optimum temperature that 

should be considered for LAMP reactions, the LAMP 
reactions were also performed at temperatures 60 and 
65˚C for 60 minutes. In order to assess the effect of 
the loop primer on amplification speed, 20 pmol of the 
loop primer (LOOP-Myco) was added to the reaction 
mixture and LAMP reaction was conducted after 30, 
45 and 60 minutes. The negative control tubes (without 
template DNA) were included in each run.

Specificity and sensitivity of the loop-mediated 
isothermal amplification assay

For evaluation of the specificity of the test, the LAMP 
reactions were performed (based on the above-noted 
protocol) using genomic DNA of Mycoplasma spp. 
and also genomic DNA of non-Mycoplasma organisms 
(negative control bacteria). The reactions were 
assessed with naked eye inspection and the Loopamp 
real-time turbidimeter. In addition, electrophoresis on 
2% agarose gel was carried out to confirm the results.

Moreover, 10-fold serial dilutions of pTZ57R/T-16S 
rRNA plasmid (135 ng to 0.135 fg equal 4×1010 to ~4 
copies) were applied in LAMP experiment to examine 
the sensitivity of the assay. The results of amplified 
target sequence were analyzed by using Loopamp 
real-time turbidimeter, visual observation of turbidity 
by naked eye and electrophoresis on 2% agarose gel. 
Finally, sensitivity or detection limit (LOD) of the 
assay was determined.

Results

Analysis of the polymerase chain reaction products 
and cloning

The PCR reaction was carried out using F3-Myco 
and B3-Myco primers on DNA of contaminated cell 
cultures, non-contaminated cell cultures, Mycoplasma 
DNA reference and negative control strains. PCR 
products of the tubes containing Mycoplasma DNA 
showed about 219 bp bands on 2% agarose gel. 
Based on comparison made against 100 bp DNA 
ladder, no significant difference found in banding 
pattern compared to the reference Mycoplasma strains 
(Fig.1A). The PCR reaction was specific as it showed 
exclusive amplification for Mycoplasma spp. while 
this result for 8 non-Mycoplasma bacteria species 
was negative (Fig.1B). Confirmatory test based on 
the cloning process was conducted by PCR assay 
with the outer primers (F3 and B3) on the extracted 
recombinant 16S rRNA-plasmids from white colonies 
and as expected, a clear and sharp 219 bp band on 
agarose gel was observed. In addition, the sequence of 
the amplified 16S rRNA gene was confirmed through 
direct sequencing, in which the obtained sequences 
perfectly matched the expected DNA sequences (data 
not shown). 
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Fig.1: Polymerase chain reaction (PCR) experiments on contaminated cell 
cultures and negative control samples. A. Agarose gel electrophoresis of 
16S rRNA PCR products (~ 219 bp) of Mycoplasma by using F3-Myco and 
B3-Myco primers. Lane M; 100 bp DNA ladder, Lane 1; Negative control, 
Lane 2; Standard Mycoplasma, Lanes 3-12; Positive amplification of 
contaminated cell cultures and B. Specificity of the 16S rRNA Mycoplasma 
PCR. Lane M; 100 bp DNA ladder, Lane 1; Negative control, Lane 2; 
Standard Mycoplasma, Lane 3; Contaminated cell culture, Lane 4; Shigella 
sonnei ATCC 9290, Lane 5; Escherichia coli ATCC 43887, Lane 6; Klebsiella 
pneumoniae ATCC 7881, Lane 7; Bacillus subtilis ATCC 6051, Lane 8; 
Pseudomonas aeruginosa ATCC 9027, Lane 9; Staphylococcus aureus ATCC 
25923, Lane 10; Enterococcus faecalis ATCC 29212, and Lane 11; Yersinia 
enterocolitica ATCC 23715.

Analysis of the loop-mediated isothermal amplification 
reaction 

In the tubes with positive reaction for isothermal 
amplification, the turbidity (caused by white magnesium 
pyrophosphate precipitation) was observed with naked 
eye (Fig.2A). Electrophoresis of the LAMP products 
on 2% agarose gel showed clear ladder-like DNA 
amplification (Fig.2B). Amplification graph of the 
real-time turbidimeter confirmed amplification of the 
16s rRNA gene (Fig.2C). The specificity of the LAMP 
products was verified by cycle sequencing. Comparison 
of the sequencing results with the 16S rRNA sequences 
of Mycoplasma spp. in Gene bank database confirmed the 
validity of the products. Amplification was detected at 
60, 63, and 65˚C, and showed higher levels of amplified 
DNA at 60˚C when compared to other temperatures. Also, 
effect of the loop primer (LOOP-Myco) on diminution of 
incubation time was explored. In the reactions without 

the loop primer, ideal time for isothermal amplification 
was 60 minutes while in the reaction containing the loop 
primer, it was 30 minutes.

Fig.2: Loop-mediated isothermal amplification (LAMP) experiments on 
contaminated cell cultures. A. Visual appearance of the LAMP reactions. 
Showing white turbidity, the tubes 1-5 (contaminated cell culture samples) 
were positive, while the tube 6 was negative, B. Electrophoretic analysis 
of the LAMP products. In lanes 1-5, contaminated cell culture samples 
showed ladder-like pattern, lane 6 was negative control and had no 
ladder-like pattern, and C. A representative turbidity amplification graph 
of the LAMP reaction. Curves 1-5 represent contaminated cell cultures 
and curve 6 is for negative control.

Specificity and sensitivity of the loop-mediated 
isothermal amplification assay

The LAMP assay was specific because judgment graph of 
the real-time turbidimeter showed exclusive amplification 
for Mycoplasma spp. while 8 non-Mycoplasma bacteria 
species had negative results. Consistently, in silico 

A

B

C

A
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analysis using BLAST, indicated that there were no false-
positive nor false-negative amplification. In addition, gel 
agarose electrophoresis of the LAMP products showed the 
characteristic ladder-like multiple bands only in the tubes 
containing Mycoplasma spp. genome DNA. Inspecting 
the judgment plot, agarose gel electrophoresis and visual 
detection of turbidity, the LOD of the assay was found 
~4000 copy per reaction tube. 
Discussion 

Contamination of cell cultures by Mycoplasma spp. 
is a main problem in cell culture for which an accurate 
diagnostic method is highly required. There are several 
conventional and molecular diagnostic techniques 
available for detection of Mycoplasma spp. (9, 14). In the 
last decade, in Iran, several studies established PCR assays 
using 16S rRNA gene for detection of different species 
of mycoplasmas such as M. orale (23), Mycoplasma and 
Ureaplasma species (24), Mycoplasma spp. (25-27), in 
cell culture. The results of these papers demonstrated 
that 16S rRNA-based PCR could detect all common 
Mycoplasma that contaminate cell cultures. The findings 
of the current study are in agreement with those reported 
by Tang et al. (9) which confirmed that 16S rRNA is a 
suitable target for Mycoplasma detection using PCR; 
however, few cross-reactions were observed with closely 
related Gram-positive organisms. In addition, Molla 
Kazemiha et al. (28) showed that real-time PCR and PCR 
assays developed based on the public sequences in the 
16S rRNA, are suitable methods with high sensitivity, 
specificity and accuracy for detection of mycoplasma 
contamination of cell cultures. However, these molecular 
methods are complex and time-consuming and they pose a 
risk of contamination with ethidium bromide that requires 
expensive apparatus and qualified laboratory technicians. 

As LAMP method has several advantages benefits 
including no need for a special process, completion 
of the reaction in a single tube and approval by naked 
eye contrary to electrophoresis, it can be a suitable 
alternative for techniques used for Mycoplasma detection 
(29). Another advantage of the LAMP method is the 
high stability of Bst polymerase enzyme compared to a 
number of inhibitory factors such as EDTA, bile salts, 
and NaCl in the amplification reaction (30, 31). These 
characteristics show that utilization of the LAMP assay 
in laboratories with limited equipment and in large 
scale, is valuable. Yoshino et al. (32) showed the same 
sensitivity and specificity when comparing LAMP assay 
with a PCR assay, for rapid detection of M. pneumoniae. 
Also, a good global agreement between the LAMP assay 
and serological results for M. pneumoniae detection in 
pediatric patients, was revealed by Gotoh et al. (11).

Our study defines a rapid, sensitive and cost-effective 
LAMP method which is comparable to other DNA 
amplification procedures that are extensively used for 
identification of various microorganisms in laboratory. 
Previously, various sequences in the genome of human 
pathogenic species of Mycoplasma were used in the 

LAMP assay for detection of different species belonging 
to this genus, such as pdhD gene of M. genitalium (21), 
mhp165 gene of M. hyopneumoniae (17), uvrC gene 
of Mycoplasma bovis (33), p36 gene of Mycoplasma 
hyopneumoniae (34), the SDC1 sequence (M35024) of 
Mycoplasma pneumoniae (11, 32, 35), and P1 adhesin gene 
of M. pneumoniae (36). We used the 16S rRNA gene which 
is highly conserved in all Mycoplasma species and is the best 
target for genus-level detection of Mycoplasma spp. (37). 
Our finding demonstrated that ideal time and temperature 
for isothermal amplification was at 60˚C in 60 minutes while 
Davudi-Asl  optimized the LAMP test using the large Bst 
enzyme fragment at 66˚C for 1 hour (36). 

The primers designed in this study were theoretically 
completely specific for the 16S rRNA gene of 
Mycoplasma. Therefore, amplification was carried out 
only with DNA of Mycoplasma; also, neither false-
positive and false-negative results in the LAMP assay 
nor any cross-reactivity with other species was observed. 
In addition, the sequencing results were in accordance 
with deposited sequence of 16S rRNA in NCBI. These 
results demonstrated that this technique has high 
specificity (100%) for the amplification of Mycoplasma 
strains and detected it with high efficiency. It seems 
that the extremely high specificity of the LAMP method 
is a result of using four primers that recognize distinct 
regions on the target sequences (38). Furthermore, using 
the designed loop primers in the mixture could increase 
rapidity and efficiency of amplification by attaching to the 
stem loops formed during reaction process (39). In our 
study, the LAMP assay was able to detect Mycoplasma 
DNA extracted from culture medium which approves this 
assay for detection of Mycoplasma strains in cell culture 
samples; with the help of such assays, Mycoplasma 
infection can be discovered at an early stage. 

Conclusion
Our study is the first report about designing and 

developing a LAMP assay based on 16S rRNA gene for 
determination of Mycoplasma strains contaminating cell 
culture. Based on our findings, LAMP assay developed 
based on 16S rRNA gene is highly suggested as a useful 
tool for rapid diagnosis of common Mycoplasma which 
contaminate cell culture. 
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Abstract
Objective: Fast Free-of-Acrylamide Clearing Tissue (FACT) is a recently developed protocol for the whole tissue 
three-dimensional (3D) imaging. The FACT protocol clears lipids using sodium dodecyl sulfate (SDS) to increase the 
penetration of light and reflection of fluorescent signals from the depth of cleared tissue. The aim of the present study 
was using FACT protocol in combination with imaging of auto-fluorescency of red blood cells in vessels to image the 
vasculature of a translucent mouse tissues.  
Materials and Methods: In this experimental study, brain and other tissues of adult female mice or rats were dissected 
out without the perfusion. Mice brains were sliced for vasculature imaging before the clearing. Brain slices and other 
whole tissues of rodent were cleared by the FACT protocol and their clearing times were measured. After 1 mm of the 
brain slice clearing, the blood vessels containing auto-fluorescent red blood cells were imaged by a z-stack motorized 
epifluorescent microscope. The 3D structures of the brain vessels were reconstructed by Imaris software.         
Results: Auto-fluorescent blood vessels were 3D imaged by the FACT in mouse brain cortex. Clearing tissues of 
mice and rats were carried out by the FACT on the brain slices, spinal cord, heart, lung, adrenal gland, pancreas, liver, 
esophagus, duodenum, jejunum, ileum, skeletal muscle, bladder, ovary, and uterus.                 
Conclusion: The FACT protocol can be used for the murine whole tissue clearing. We highlighted that the 3D imaging 
of cortex vasculature can be done without antibody staining of non-perfused brain tissue, rather by a simple auto-
fluorescence.          

Keywords: FACT, Rodent, Three-Dimensional Imaging, Tissue, Vasculature
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Introduction

Three-dimensional (3D) imaging has enabled the study of 
systems from various cellular and extracellular structures, 
such as vasculature structure or neuronal networks in the 
brain (1, 2). Such studies require an extremely transparent 
tissue for the detection. Different protocols have been 
developed for the whole tissue clearing and 3D imaging. 
Benzyl alcohol and benzyl benzoate (BABB) were the 
first to make fixed tissues as thick as 2 cm transparent 
for the deep microscopic imaging compared to <50 μm 
using conventional immunohistochemical techniques (3). 
Several advances have been made for a high-resolution 
and a large-scale imaging of cleared tissue, including Scale 
(4), dibenzyl ether (DBE) (5), three-dimensional imaging 
of solvent-cleared organs (3DISCO) (6), See Deep Brain 
(seeDB) (7), ClearT (8), Clear Unobstructed Brain/Body 
Imaging Cocktails (CUBIC) (9), System-Wide control 
of Interaction Time and kinetics of Chemical (SWITCH) 
(10), and ultimate DISCO (uDISCO) (11).

Considering the limitations of the mentioned techniques 
including, fluorescence quenching of samples, incomplete 
clearing specimens, and lack of feasibility for antibody 
labeling, a series of other techniques have been developed. 
The fact that the cell membrane phospholipids are 
the main source of light scatter in tissues and the lipid 
removal is a potential approach for increasing the tissue 
transparency. Several techniques of the lipid removing 
transparency have been developed for the 3D imaging 
of tissues, including using acrylamide protocols such as 
CLARITY (12), passive CLARITY (2), PACT, PARS 
(13), and also without applying acrylamide methods 
including FASTClear (14) and Fast Free-of-Acrylamide 
Clearing Tissue (FACT) (15).

Some of these techniques use hydrogel embedding 
such as CLARITY and PACT. Not only are they costly, 
but they change the tissue volume even after using the 
refractive index matching solutions (RIMs). The complete 
tissue clearing needs several days to weeks to disrupt the 
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fluorescent signal of chemically labeled proteins and 
it cannot finally prevent the quenching of fluorescent 
protein signals for a long time. These hydrogel-based 
techniques also need further toxic chemicals, labor 
work and the equipment. Therefore, a simple technique 
is appropriate for laboratories in developing countries. 
One of these newly-developed simple techniques is 
the FACT (15) requiring the lower labor work, and the 
use of toxic and environmentally hazardous chemicals 
in comparison to acrylamide-based protocols. Another 
limitation in the developing countries is the lack of 
advanced microscopes, i.e. confocal, 2-photon and 
light sheet microscopes. To date, all of the introduced 
protocols for the 3D imaging of tissues have used the 
advanced microscopes. Adopting FACT approach with 
a conventional epifluorescent microscope was another 
goal of this study. 

Hopefully, this methodology may help in studying the 
brain vascular architecture for fundamental evaluation of 
pathological alterations in cerebral disorders including 
the vessels such as ischemia (16), Alzheimer’s disease 
(17), and cancer (18). Therefore, the aims of the present 
study were to evaluate the ability of the FACT protocol 
for clearing different whole tissue of mice and rats and 
3D imaging of the brain cortex vasculature with FACT 
method in mice using a simple epifluorescent microscope 
in a non-developed imaging lab.

Materials and methods
Animals

The present experimental study has been performed 
according to Shahid Sadoughi University of Medical 
Sciences Guidelines for Animal Handling and the Ethics 
Committee of Research and Clinical Center for Infertility 
(No: 91/8/2/2168). Adult female mice (n=3) and rats 
(n=3) were used and kept in Laboratory Animal Center 
of the Center of Infertility, Shahid Sadoughi University of 
Medical Sciences, Yazd, Iran. 

FACT protocol
The rats and mice were euthanized by ether inhalation 

and then cervical dislocation. The experiment protocol 
has been summarized in Figure 1. Then, tissues including 
the brain, spinal cord, heart, lung, adrenal gland, pancreas, 
liver, esophagus, duodenum, jejunum, ileum, skeletal 
muscle, bladder, ovary, and uterus were dissected out. They 
were separately transferred into 4% paraformaldehyde 
(PFA, Merck KCaA, Germany) diluted in phosphate-
buffered saline (PBS, Gibco, UK) solution (0.01 M) as 
a fixative solution (pH=7.5, room temperature). Tissues 
were fixed in the fixative solution at 4˚C for 3 days. Then, 
the brain was coronally 1 mm-sliced, coronally.

The whole and sliced tissues were cleared according 
to the FACT protocol (15). In details, the tissues were 
cleared with clearing solution containing 8% (wt/vol) 
sodium dodecyl sulfate (SDS) in 0.01 M PBS (pH=7.5) 
with 0.02% sodium azide at 37˚C with mild rotational 
horizontal shaking (100 r/minutes) in a shaker incubator 
(Jaltajhiz, Iran). The clearing solution was refreshed 
daily for 3 days and then was replaced weekly until 
the visual confirmation of 80% tissue transparency by 
an observation through the tissue of clear black grid 
lines printed on a white paper. Transparency of the 
tissue during the clearing procedure was imaged using 
a DP71 camera (Olympus, Japan) on a stage of a loop 
microscope (SZX16, Olympus, Japan) for background 
illumination. The start and end date of clearing were 
recorded for all tissues.

Imaging of auto-fluorescent vessels in brain cortex 

The brain slices were washed once in PBS with 0.02% 
sodium azide, and then were shaken gently 12 hours in the 
same solution at 37ºC in horizontally fixed falcon tubes. 
For complete transparency and refractive index (RI) 
matching, samples were placed in 80% glycerol in double 
distilled water for 3 to 12 hours in room temperature prior 
to imaging.

Fig.1: Protocol of clearing and imaging of brain cortex vasculature by Fast Free-of-Acrylamide Clearing Tissue (FACT) based on the presence of red blood 
cells and their auto-fluorescent signal. PFA; Paraformaldehyde, PBS; Phosphate buffer saline, and SDS; Sodium dodecyl sulfate.
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3D epifluorescent microscopy
For 3D imaging, brain slices were individually 

mounted between two glass slides which were 
surrounded by same thickness non-colorful putty that 
formed a horse-shoe-like chamber (1-mm thickness 
wall) to protect the tissues’ thickness from pressing 
between the slides and provides a chamber for the 
RI matching solution. This chamber between two 
slides was filled with fresh 80% glycerol. The auto-
fluorescent vessels were imaged by an epifluorescence 
microscope (BX51 with a DP72 camera, Olympus, 
Japan), and CellSens imaging software (Version 1.4.1, 
Olympus, Japan). After the apparatus was fixed on 
the microscope stage, the specimen was imaged by an 
air/dry objective lens 10× (UPlanSApo, Olympus Co. 
Ltd.; numerical aperture  :  0.4 and working distance: 
3.1 mm) which was water immersed to increase 
working distance. The EPI illumination mode and red 
excitation (650 nanometers) and deep red emission 
(690 nanometers) were applied for imaging. For this 
purpose, selected area was imaged on a z-stack manner 
(each 10-μm step) for the depth of 150 μm from the 
tissue surface, automatically.

3D image preparation
The TIFF image sequences were obtained from the 

microscope and transferred to Imaris software (version 
7.4.2, ImarisX64, Bitplane AG) for the 3D reconstruction 
(19). In details, after importing TIFF files, in the "Display 
Adjustment" tabs, the color and name of the channels 
were changed. Then, in the drop-down list under the 
"Edit" button and “Image Properties” panel, the thickness 
of the tissue was corrected according to the z-stack 
imaging information of an epifluorescent microscope. To 
3D crop, the final images and removing the excess parts, 
in the drop-down list under the "Edit" button and "Crop 
3D" option were used. The size of the field was adjusted 
by dragging the borders.

In the "Surpass" panel, vessels of brain cortex were 3D 
reconstructed using the filaments algorithm and based 
on the detected signals. In detail, a new Filament was 
created in the "Filaments" button. In the "Slice" panel, the 
thinnest and the largest diameter of the imaged vessels 
were defined. On the "Measure" panel, the distance 
automatically was shown after selecting two points at the 
maximum width of the thinnest and thickest vessels. After 
defining the largest and thinnest thickness, data were 
entered in the "Surpass" panel. Then, the thresholds of 
starting and seed points were adjusted. Tracing the length 
of vessels, using "Select" tab in the "Camera"panel, some 
of the automatically produced seed points were manually 
removed by pressing shift on the keyboard and left 
clicking on the point. The 3D image rotation was done by 
selecting "Navigate" and moving the pointer of the mouse 
device, to ensure that the correct seed points have been 
retained.

Then, the highest threshold for the local contrast was 

selected. At the last step, without the selection of "Detect 
Spines", the blood vessel reconstruction was finalized. 
The excess parts of the vessels which were not matched 
on the signals were removed in the "Edit" panel. The 
color of reconstructed cylinders was edited by clicking 
the "Color" tab.

Comparing antibody stained and auto-fluorescent 
vessels

Comparing the vessel imaging by non-antibody-based 
and antibody staining method, brain slices of non-perfused 
and perfused mice, respectively, were cleared using the 
FACT protocol. Then, both groups were labeled for CD31 
(a marker of blood vessels epithelium) and Hoechst 33342 
(marker of the cell nucleus).

In details, after clearing, the residual SDS was 
washed from the brains by slow shaking in PBS with 
0.1% Triton X-100 (PBST) for 24 hours at 37˚C. The 
samples were then incubated for 24 hours with anti-
CD31 primary antibody (1:10, mouse species, Abcam, 
USA) diluted in PBST with shaking at 37˚C. The 
samples were subsequently washed in PBST buffer 
for 24 hours with shaking at 37˚C. Then they were 
incubated with the FITC-IgG secondary antibody 
(Goat anti-mouse, 1:100, Abcam, US) diluted in PBST 
for 24 hours with shaking at 37˚C in a tube was covered 
with an aluminum sheet. To label cell nuclei, Hoechst 
33342 (1:100, Bis Benzimaide H 33342, Sigma, 
USA) was added to the secondary antibody mixture 
for the final 12 hours of incubation with shaking at 
37˚C. Before mounting and imaging, samples were 
washed in PBST for 24 hours with shaking at 37˚C. 
Samples were submerged in glycerol for 24 hours at 
room temperature. The antibody signals and auto-
fluorescent vessels were imaged by an epifluorescence 
microscope (BX51 with a DP72 camera, Olympus, 
Japan), and CellSens imaging software (Version 1.4.1, 
Olympus, Japan).

To evaluate the possibility of detection of vessels in 
other tissues by auto-fluorescence characteristics of the 
red blood cell (RBC), non-perfused spinal cord and uterus 
along with perfused skeletal muscle and duodenum of 
mice were stained with Hoechst 33342.

Results
Transparent brain slices were rapidly created with the 

passive clearing using the FACT protocol (Figs.2, 3). As 
shown in Figures 2 and 3, the FACT cleared the 1-mm thick 
brain slices in both mice and rats within 3 days (Table 1).

To 3D reconstruct the blood vessels architecture in 
the brain cortex of mice, a microvasculature containing 
red blood cells was subsequently examined by an 
epifluorescent microscope (Fig.4A). In addition, using 
Imaris Filament algorithm, the blood vessels were 
segmented (Fig.4B). The 3D reconstructed blood vessels 
in brain cortex of mice were shown in Figure 4C.



          Cell J, Vol 21, No 1, Apr-Jun (Spring) 2019 52

Brain Vasculature and 3D Imaging by FACT

 Table 1: Comparison of clearing time (day) of whole or sectioned tissues of mouse and rat with Fast Free-of-Acrylamide Clearing Tissue (FACT), passive
CLARITY, PACT, and mPACT methods

Tissue FACT Passive CLARITY PACT mPACT

Mouse Rat Mouse Rat Mouse Rat Mouse Rat

Brain slice (1-mm thickness) 3 3 4 (21) 6 (21, 25) 4-9 (13, 15) ND ND ND

Spinal cord (whole size) 7 12 14-28 (24, 26) ND 12 (30) 12 (30) 14 (30) 21 (30)

Heart (whole size) 66 ND ND ND 17 (30) 16 (30) 15 (30) 16 (30)

Lung (whole size) 21 21 30 (20) ND 18 (30) 18 (30) 14 (30) 18 (30)

Adrenal gland (whole size) ND 33 ND ND ND ND ND ND

Pancreas (whole size) 7 7 ND ND 15 (30) 15 (30) 17 (30) 15 (30)

Liver (one lobe) 6 37 30 (27) ND 22 (30) 23 (30) ND 23 (30)

Esophagus (whole size) 7 7 ND ND ND ND ND ND

Intestine (whole size) 7 7 12-30 (20, 28) ND 12-14 (28) ND ND ND

Bladder (whole size) 66 ND ND ND ND ND ND ND

Ovary (whole size) ND 66 35 (19, 29) ND ND ND ND ND

Uterus (whole size) 14 ND ND ND ND ND ND ND

ND; No data.

Fig.2: Clearing of mouse tissues using Fast Free-of-Acrylamide Clearing Tissue (FACT) including 1 mm brain slice, spinal cord, esophagus, lung, pancreas, 
bladder, uterus, heart, duodenum, jejunum, ileum (squares are 3×3 mm2). The clearing steps are before using refractive index solution (RIMs) and 
transparency is not more than 80%.
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Fig.3: Clearing of rat tissues using Fast Free-of-Acrylamide Clearing Tissue (FACT) including 1 mm brain slice, spinal cord, pancreas, skeletal muscle, lung, 
ovary, adrenal gland, esophagus, liver, duodenum, jejunum, and ileum (squares are 3×3 mm2). The clearing steps are before using refractive index solution 
(RIMs) and transparency is not more than 80%.

The FACT protocol could make transparent the different 
types of tissues of mice (Fig.2) and rats (Fig.3). For the 
whole organs of adult female mice and rats, the optimal 
passive clearing conditions were determined for the FACT 
and compared with the previous studies in Table 1.

In order to show the possibility of vessels to be 
imaged by a non-antibody-based method based on 
auto-fluorescent characteristics of the RBC and to 
confirm detectability of the vessels in this protocol to 
be imaged after the FACT technique, the brain slices 
of non-perfused and perfused mice were stained in the 
same staining condition and the same tube containing 
CD31. Using blue (WB) and green (WG) filter boxes, 
the auto-fluorescent RBC signals were detected in 
non-perfused vessels of the brain cortex (Fig.4D). 
There were no vessels in the image of WB filter which 

were not visible in WG filter, too. This phenomenon 
showed that the auto-fluorescent RBC signals and 
CD31-labeled vascular endothelium were completely 
overlapped. In contrast, in perfused mice (Fig.4E), 
FITC-labeled CD31 markers on vascular endothelium 
were only observable in WB filter. In the both non-
perfused and perfused mice, vascular endothelium 
nuclei line-shaped structures were visible by Hoechst 
33342 staining.

Using a similar method of non-antibody-based 
detection of vessels, we evaluated the imaging of 
the FACT-cleared spinal cord (Fig.5A) and uterus 
(Fig.5B) in non-perfused mice. Furthermore, imaging 
of duodenum and skeletal muscle in perfused mice 
after clearing by the FACT technique did not show any 
vascular structures (Fig.5C).
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Fig.4: Fast Free-of-Acrylamide Clearing Tissue (FACT) technique for three-dimensional (3D) imaging of blood vessels in brain cortex using an epifluorescent 
microscope. A. A 3D image of the mouse blood vessels by the FACT clearing protocol. The fluorescent signal is from auto-fluorescent heme in red blood cells in 
the non-perfused blood vessels (tissue dimension XYZ=2000×1200×150 μm3) (scale bar: 300 μm), B. Using Imaris software and “Filament” algorithm of “Surpass”, 
vessels’ structure was reconstructed (scale bar: 300 μm), C. 3D segmentation of cortex blood vessels in 150 μm depth of cortex (scale bar: 300 μm), and D, E. 
Comparison of imaging of brain cortex vessels by non-antibody-based and antibody staining method, in brain slices of non-perfused and perfused mice, D. In non-
perfused brain similarity of the architecture of vessels were imaged with WB and WG filters demonstrates that RBC signals have been completely overlapped with 
CD31-labeled vasculatures (scale bar: 100 μm), E. In perfused mice, vessels are observable with WB filter. Arrows demonstrate vessels (scale bar: 100 μm).

Fig.5: Vascular imaging after Fast Free-of-Acrylamide Clearing Tissue (FACT) technique. A. Imaging of spinal cord vessels by a non-antibody-based method 
in the non-perfused mice (scale bar: 200 μm). Arrows demonstrate auto-fluorescent vessels, B. Imaging of vessels in the uterus and attached broad 
ligament by a non-antibody-based method in the non-perfused mice (scale bar: 200 μm). Arrows demonstrate auto-fluorescent vessels, and C. Imaging of 
duodenum and skeletal muscle in the perfused mice after clearing by Fast Free-of-Acrylamide Clearing Tissue (FACT) technique and labeling with Hoechst 
33342 (scale bar: 400 μm). Arrow alludes to vascular branches.
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Discussion
For the first time, we demonstrated the clearing of 

the murine tissues  with the FACT protocol (15) for the 
effective clearing of tissues and 3D imaging of brain 
cortex vasculatures. The FACT method, has been modified 
including alterations of imaging to adapt this method for 
non-equipped laboratories. Although the most important 
part of the whole tissue clearing is optical sectioning for 
3D imaging and this can be optimally achieved by confocal 
microscopy, availability of this expensive microscope is a 
big challenge for adapting the whole tissue imaging for a 
conventional laboratory of limited resources. Therefore, 
in the present study of the FACT method we used an 
epifluorescent microscope with a motorized stage for 
imaging auto-fluorescent vessels in the z-plane. Bearing 
in mind that this approach has some limitations including 
a lower depth of imaging of fluorescent light in an 
epifluorescent microscope in comparison to a laser in a 
confocal microscope. This issue can be solved by cutting 
1- to 2-mm piece of cleared tissue for imaging. Moreover, 
a lower power of the epifluorescent for collecting the 
enhanced signals in comparison to the laser-enhanced 
fluorophores in confocal caused limitation in imaging of 
tissue for the maximum depth of 200 to 300 μm.

The FACT cleared 1-mm of thick brain slices in both 
mice and rats in 3 days, while in mice and rats a passive 
CLARITY needs 4 and 6 days, respectively and PACT 
requires 9 days in mice . Regarding the clearing time, the 
whole brain slice (1 mm thickness) clearing in murine 
species with the FACT protocol as a passive method 
required 3 days for completion which is comparable to 
CUBIC (more than 1 week) (9) and ScaleA2 (5 days) (4). 
In addition, based on Xu et al. (15) and comparing of our 
data with previous studies, we can speculate that removing 
hydrogel decreased the clearing time in comparison to 
hydrogel-based methods such as CLARITY (2), PACT, 
PARS (13), and SWITCH (10). The CLARITY technique 
has been used for clearing the different murine tissues 
including the brain (2, 20-25), spinal cord (21, 24, 26), 
heart (22), lung (20, 22), liver (27), intestine (20, 28), 
skeletal muscle (22), and ovary (19, 29). In addition, 
several studies cleared different murine tissues using 
PACT protocol including the brain (13, 22, 30, 31), heart, 
lung (13, 22, 30), pancreas, liver (30), intestine (13, 
28), skeletal muscle (22), adrenal gland (20), and ovary 
(30). In addition to above-mentioned tissues which were 
cleared by acrylamide-based protocols (32), using FACT 
protocol, the other murine tissues including bladder, 
uterus, and esophagus have been cleared for the first time 
in this study.

Brain vasculature imaging at microscopic scales 
and imaging deep into brain remained an open 
quest in neuroscience. Although, the conventional 
optical microscopy is still limited to surface imaging. 
Revolutionary approaches such as ultrasonography (33), 
intravital microscopy (34), and the whole tissue imaging 
by an optical microscope (35) have opened new windows 
in this aspect. The whole tissue clearing such as our 

findings, can show the 3D architecture of the blood vessels 
and also can be used for seeking vasculature relationships 
in neurons (23). 

Epifluorescent, confocal and light sheet microscopy 
provide more information for the vasculature research 
in the brain because of the presence of various vascular 
endothelial markers such as CD31, CD34, factor VIII, 
von Willebrand factor, and Fli-1 that can be used in these 
imaging methods especially, in whole tissue imaging 
(36). In addition to mentioned markers which can be 
detected by chemical or genetic labeling methods for the 
detection of brain vasculature (36, 37), other fluorescent 
materials have been also used for imaging of the brain 
vasculature (38). In the present study, we used the auto-
fluorescent character of heme in red blood cells (39) in 
a non-perfused brain for the visualization of the blood 
vessels in the FACT-cleared mouse brain, spinal cord, and 
uterus.

Conclusion
The FACT method is a simple technique which might be 

appropriate for laboratories in developing countries lacking 
advanced microscopes such as confocal microscopes. 
Successful labeling the vessels in murine species after 
clearing by the FACT approach resulted in 3D imaging 
of brain cortex vessels for the first time. Imaging the 
vasculature was performed without any staining; rather 
accomplished by a simple auto-fluorescence imaging of 
the RBC.
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Abstract
Objective: Gastrointestinal (GI) tract, like other mucosal surface, is colonized with a microbial population known as gut 
microbiota.  Outer membrane vesicles (OMVs) which are produced by gram negative bacteria could be sensed by Toll 
like receptors (TLRs). The interaction between gut microbiota and TLRs affects homeostasis and immune responses. 
In this study, we evaluated TLR2, TLR4 genes expression and cytokines concentration in Caco-2 cell line treated with 
Bacteroides fragilis (B.  fragilis) and its OMVs.  
Materials and Methods: In this experimental study, OMVs were extracted using sequential centrifugation and their 
physicochemical properties were evaluated as part of quality control assessment. Caco-2 cells were treated with B.  
fragilis and its OMVs (180 and 350 µg/ml). Quantitative reverse transcriptase-polymerase chain reaction (qRT-PCR) 
was performed to assess TLR2 and TLR4 mRNA expression levels. Pro-inflammatory (IFNᵧ) and anti-inflammatory (IL-
4 and IL-10) cytokines were evaluated by ELISA.         
Results: B. fragilis significantly decreased TLR2 and slightly increased TLR4 mRNA levels in Caco-2 cell line. The 
TLR2 mRNA level was slightly increased at 180 and 350 µg/ml of OMVs. Conversely, the TLR4 mRNA level was 
decreased at 180 µg/ml of OMVs, while it was significantly increased at 350 µg/ml of OMVs. Furthermore, B. fragilis 
and its OMVs significantly increased and decreased IFNᵧ concentration, respectively. Anti-inflammatory cytokines were 
increased by B. fragilis and its OMVs.                
Conclusion: B. fragilis and its OMVs have pivotal role in the cross talk between gut microbiota and the host especially 
in the modulation of the immune system. Based on the last studies on immunomodulatory effect of B. fragilis derived 
OMVs on immune cells and our results, we postulate that B. fragilis derived OMVs could be possible candidates for the 
reduction of immune responses.          
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Introduction

Gastrointestinal (GI) tract is colonized by a variety, 
complex and dynamic microbial community referring as 
gut microbiota. This microbial community also consists 
of bacteria, fungi, archea, protozoa and viruses (1). Gut 
microbiota constantly interacts with the epithelium of GI 
tract. This putative cross talk has potential role in both host 
functions (locally and systemically) and establishment 
of gut microbiota pattern. Thus, host functions and gut 
microbiota pattern regulate health and diseases status (2).

Gut microbiota is considered as a reservoir for immune 
system stimulatory molecules  due to the presence of 
immunogenic compounds such as lipopolysaccharides 
(LPS), peptidoglycans (PG) and extracellular vesicles 
(EVs) (3, 4). These bacterial components are encountered 
in the gut barrier (epithelial layer) as the first line of gut 
innate immunity. The gut barrier is also composed of 

intestinal epithelial cells, mucus layer that is produced 
by goblet cells, innate and adaptive immune factors (i.e. 
antimicrobial peptides and immunoglobulins, mainly 
including IgA). Indeed, the gut barrier shapes gut 
microbiota and its interaction to host (5, 6).  Moreover, 
the gut barrier functions are under the control of pattern 
recognition receptors (PRRs) including toll like receptors 
(TLRs), nucleotide binding domain leucine rich repeat 
containing receptors (NLRs), retinoic acid inducible gene 
like receptors (RLRs), C-type lectin receptors (CLRs) and 
absent in melanoma 2 (AIM2)-like receptors (ALRs) (7, 
8). PRRs sense pathogen associated molecular patterns 
(PAMPs) or damage associated molecular patterns 
(DAMPs), trigger various signaling cascades and induce 
different responses (9). Various cell types including 
immune and intestinal epithelial cells express TLRs that 
are belonged to type I transmembrane receptors (10). The 
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expression patterns of TLRs among GI epithelial cell 
are different and the interaction between gut microbiota 
and TLRs affects local and systemic immunity (8). 
Disrupted homeostasis, considered as dysbiosis, results 
from the imbalance between gut microbiota and immune 
responses. It is considered as a turning point to induce 
many disorders including metabolic syndrome (11). This 
condition which is characterized by impaired permeability 
of gut barrier, known as leaky gut syndrome, causes a great 
activation of TLRs in intestinal epithelial cells (IEPCs) 
(12). Consequently, increased cytokines and chemokines 
trigger low grade inflammation. Increased inflammatory 
cytokines disrupt insulin signaling cascade and may cause 
insulin resistance (IR), ultimately  promoting metabolic 
syndrome and obesity (13).

Bacteroides spp. such as B. fragilis have significant 
roles in gut microbiota-host interactions, especially on 
metabolic and immune system (14). Similarly, Bacteroides 
spp. derived outer membrane vesicles (OMVs) are key 
players in gut microbiota host interactions (15). OMVs 
are nanosized and spherical vesicles which could affect 
metabolic and immune system since they contain bacterial 
components including LPS, outer membrane proteins, 
phospholipids, periplasmic components, DNA, RNA, 
hydrolytic enzymes and signaling molecules (16). 

B. fragilis also secretes capsular polysaccharide A (PSA) 
containing OMVs. These OMVs interact with dendritic 
cells (DCs) through TLR2 signaling pathway, resulting 
in CD4+ and regulatory T- cells (Tregs) induction. The 
latter one is crucial for host immune tolerance towards 
commensal intestinal bacteria. Therefore, B. fragilis 
derived OMVs contribute to maintain gut microbiota 
homeostasis (17, 18). In this regard, we evaluated and 
compared the effects of B. fragilis and its OMVs on TLR2, 
TLR4 genes expression and cytokines concentration on 
Caco-2 cell line as a IEPCs model. 

Materials and Methods
Bacterial growth conditions

In this experimental study, B. fragilis ATCC 23745 was 
grown on blood agar plates containing 5% sheep blood or 
brain heart infusion (BHI) broth supplemented with 5 µg/
ml hemin (Sigma-Aldrich, USA) and 1 µg/ml menadione 
(Sigma-Aldrich, USA), while they were incubated at 
37˚C, in 80% N2, 10% CO2 and 10% H2 atmosphere (19). 

Outer membrane vesicles extraction
OMVs were isolated as described previously (20). 

Briefly, after an overnight cultivation, the medium was 
centrifuged at 6000 g, 4˚C. The pellets were washed twice 
with phosphate buffer solution (PBS) and re-suspended 
in 9% sodium chloride solution. Then the suspension 
was centrifuged for 1 hour at 6000 g, 4˚C.  OMVs were 
extracted through sequential centrifugation for 90 minutes 
at 20000 g, 4˚C using Tris-ethylene diamine tetra acetic 
acid (EDTA)-sodium deoxycholate (Sigma-Aldrich, 
USA) buffers. Finally, OMVs were stored at -20˚C (20).

Scanning electron microscopy
The OMVs were fixed in PBS containing 2.5% 

glutaraldehyde and 2% paraformaldehyde. Following 
PBS washing, the samples were air-dried and coated 
with gold by sputter coater (KYKY Technology, China 
(using physical vapor deposition method. The prepared 
samples were examined by SEM (KYKY Technology, 
China) (21).

Cell culture and treatment 
The human epithelial cell line, IBRC C10094  Caco-2, 

was obtained from Iranian Biological Resource Center. The 
cells were grown in Dulbecco’s modified eagle medium 
(DMEM/high glucose; Gibco™, USA), supplemented 
with 10% fetal bovine serum (FBS, Gibco™, USA) 
and 1% penicillin/streptomycin (Gibco™, USA) and 
incubated at 37˚C in a 5% CO2 atmosphere (22). The cells 
were treated with B. fragilis and OMVs (180 and 350 µg/
ml) and incubated overnight.

RNA isolation and cDNA synthesis 

Total RNA was isolated using RNX-Plus (CinnaGen, 
Iran). RNA quantity and quality were respectively 
evaluated by NanoDrop 2000 (Thermo Fisher 
Scientific, USA) and gel electrophoresis. cDNAs 
were synthesized by RevertAid first strand cDNA 
synthesis kit (Thermo Scientific, USA) according to 
manufacturers’ instructions. 

Quantitative reverse transcriptase polymerase chain 
reaction analysis

Quantitative reverse transcriptase polymerase chain 
reaction (qRT-PCR) was performed using LightCycler® 
96 SW 1.1 instrument (Roche, Germany). Each reaction 
mixture was composed of SYBR Premix Ex Taq II 
(Takara, China), specific primers (Table 1) and DNA 
template. GAPDH was used as housekeeping gene. The 
amplification program was consisted of 1 cycle at 95˚C 
for 60 seconds, followed by 40 cycles of denaturation at 
95˚C for 5 seconds, annealing at 55˚C for 30 seconds and 
extension at 72˚C for 30 seconds. 

 Table 1: List of primers for quantitative reverse transcriptase-polymerase
chain reaction (qRT-PCR) analysis

Gene Prime sequence (5ˊ-3ˊ)

GAPDH F: GGAGCGAGATCCCTCCAAAAT

R: GGCTGTTGTCATACTTCTCATGG

TLR2 F: TTATCCAGCACACGAATACACAG

R: AGGCATCTGGTAGAGTCATCAA

TLR4 F: AGACCTGTCCCTGAACCCTAT

R: CGATGGACTTCTAAACCAGCCA
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Cytokines concentration assay
Following overnight incubation of Caco-2 cells with B. 

fragilis and its OMVs, the supernatants were collected and 
stored at -20˚C. The IFNᵧ, IL-10 and IL-4 concentrations 
were measured using enzyme-linked immunosorbent 
assay (ELISA) kit (Human cytokine ELISAPRO kit, 
MABTECH, Swedish biotech, Sweden), according to 
manufacturer’s instructions.

Statistical analyses
Data were analyzed by independent sample t test and one-

way ANOVA  using GraphPad Prism software (GraphPad 
Software, Inc., San Diego, CA). All results demonstrate 
as mean ± standard deviation (SD). In all experiments, 
P<0.05 was considered statistically significant.  

Results 
Properties of B. fragilis derived outer membrane 
vesicles 

B. fragilis produced OMVs in BHI broth. The 
morphology and size of OMVs were examined by SEM. 
Diameter of spherical shaped OMVs was in the range of 
30-110 nm (Fig.1). Mean dimension of OMVs was 85.7 
± 15.3 nm.   

Fig.1: B. fragilis produces outer membrane vesicles (OMVs) with a mean 
dimention of 85.7 ± 15.3 nm: scanning electron microscopy of B. fragilis 
derived-OMVs (magnification: ×20K).

Effect of B. fragilis and outer membrane vesicles on 
TLR gene expressions 

Human intestinal epithelial cell line Caco-2 was 
used to study the effects of B. fragilis and its OMVs on 
TLR2 and TLR4 gene expressions using qRT-PCR. B. 
fragilis significantly decreased TLR2 gene expression. 
TLR4 gene expression was slightly increased by this 
bacterium (Fig.2A). The cells were treated with B. 
fragilis derived OMVs in two concentrations, 180 
and 350 µg/ml. The mRNA levels of TLR2 were 
slightly increased in both of OMVs concentrations. 
Interestingly, TLR4 gene expression was decreased 

and significantly increased at 180 and 350 µg/ml of 
OMVs, respectively (Fig.2B). 

Fig.2: Quantitative reverse transcriptase-polymerase chain reaction (qRT-PCR) 
analyzes of B. fragilis and its outer membrane vesicles (OMVs) on TLR genes 
expressions. A. The cells were initially deprived of serum and then treated 
with either B. fragilis or phosphate buffer solution (PBS) overnight and B. In 
the same condition, the other group cells were treated with either B. fragilis 
derived OMVs (350 and 180 µg/ml) or sucrose, overnight. Values of triplicate 
experiments are demonstrated as mean ± SD. Significant results are presented 
as ** based on P<0.01.  

Effect of B. fragilis and outer membrane vesicles on 
cytokines concentration

After overnight stimulation of  Caco-2 cells by B. fragilis 
and its OMVs, the concentration of pro- inflammatory 
(IFNγ) and anti-inflammatory (IL-4 and IL-10) cytokines 
were measured by ELISA. B. fragilis significantly 
elevated IFNγ concentration (Fig.3A). Interestingly, IFNγ 
concentration was decreased by 180 and 350 µg/ml of 
OMVs (Fig.3B). B. fragilis was able to increase IL-4 and 
IL-10 concentrations (Fig.3A). In addition, the related 
OMVs of this bacterium (180 and 350 µg/ml) significantly 
enhanced IL-4 and IL-10 concentrations (Fig.3B). 

A
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Fig.3: ELISA analyzes of B. fragilis and its outer membrane vesicles (OMVs) 
on cytokines concentration. A. Cells were initially deprived of serum and 
then treated with either B. fragilis or phosphate buffer solution (PBS), 
overnight and B. In the same condition, the other group cells were treated 
with either B. fragilis derived OMVs (350 and 180 µg/ml) or sucros, for 
overnight. Values of triplicate experiments are demonstrated as mean ± 
SD. Significant results are presented as *, **, ***, **** based on P<0.05, 
P<0.01, P<0.001, and P<0.0001. 

Discussion 
The epithelial layer of GI tract is continuously exposed 

to huge amount of immunogenic stimulatory molecules, 
derived from gut microbiota, nutrient and pathogenic 
microorganisms (3). IEPCs are the interface between gut 
microbiota and immune system via lamina propria cells. 
The potential of IEPCs to modulate immunity depends on 
PRRs gene expression (5). Additionally, the gut microbiota 
has immunomodulation potential in host. In this regard, 
B. fragilis and its OMVs affect gut microbiota-host 
interactions (15). Therefore, we aimed to study in more 
details the effects of B. fragilis and its OMVs on TLR 
genes expression and cytokines concentration in Caco-2 
cell line as a human IEPCs model.

It has been found that TLRs play a crucial role in 

immune responses and B. fragilis influences homeostasis 
and immunity (14). In other words, B. fragilis activate 
CD4+ T cells responses through TLR2 signaling in 
DCs. B. fragilis has anti-inflammatory effects through 
mediation of Th1/Th2 balanced ratio,  as well as CD4+ 
T cells differentiation into Tregs  and Th17 limited  
responses (17). Moreover, TLRs signaling in GI 
epithelium triggers the cross talk between gut microbiota 
and the host, locally and  systemically (6). TLRs signaling 
is involved in proliferation, differentiation of IEPCs 
alongside with induction of pro- and anti-inflammatory 
cytokines responses. As IEPCs are located in frontline of 
gut environment, their TLRs signaling has critical role in 
immune tolerance to gut microbiota and defense against 
pathogens (8). Expression patterns and induction mode of 
TLRs are different throughout GI epithelium. IEPCs have 
relatively low expression of TLR2 and TLR4, which are 
the main receptors for gram positive and negative bacterial 
MAMPs (9). In this regard,   Furrie et al. (23) reported that 
B. fragilis does not change the TLR1-4 expression levels 
in Caco-2 cell line. In our study, although B.  fragilis 
significantly decreased TLR2 , but increased TLR4 gene 
expression. Perhaps, differences in bacterial quantity and 
incubation time could justify this discrepancy. 

As mentioned above, gut microbiota could intervene 
with cytokines secretion. For instance, B. fragilis has 
immune-modulatory effect through induction of IL-
10 and reduction of IL-17 production during intestinal 
inflammation (17). Bahrami et al. (24) studied the 
influence of intestinal commensal bacteria (i.e. B. fragilis) 
on pro- and anti-inflammatory cytokine productions. 
Their data showed that B. fragilis did not affect cytokine 
concentration. However, we noticed that IFNγ, IL-4 and 
IL-10 concentrations were increased after corresponding 
treatment.

It has been demonstrated that B. fragilis releasing 
OMVs is an influential factor for mediation of immune 
responses. Since B. fragilis apparently does not have well 
established secretory system, immunogenic components 
(PSA) delivery is facilitated through OMVs production. 
Shen et al. have shown that B. fragilis has protective role 
against intestinal inflammatory disease in animal model 
via OMVs production. Indeed,  B. fragilis OMVs induce 
Treg development and IL-10 production thorough TLR2 
signaling in DCs (17, 18). We believe that this is the first 
study reporting the effects of B. fragilis-derived OMVs 
on TLR2 and TLR4 genes expression, as well as the 
concentration of IFNγ, IL-10 and IL-4 on Caco-2 cell line. 
Taken together, our results depicted that TLR2 mRNA 
levels were not altered by B. fragilis derived OMVs. 
However, these vesicles significantly changed TLR4 gene 
expression. Interestingly, B. fragilis derived OMVs had 
stimulatory effect on anti-inflammatory cytokines (IL-4 
and IL-10) while it decreased IFNγ concentration as a 
pro-inflammatory cytokine.

Conclusion
Based on immunomodulatory effects of B. fragilis 

A

B



Cell J, Vol 21, No 1, Apr-Jun (Spring) 2019 61

Ahmadi Badi et al.

derived OMVs on immune system and our current findings, 
we suggest  that these OMVs may have  a substantial role 
in the improvement of the inflammatory responses and it 
may have yet no recognized and understudied function in 
the inter-kingdom modulation of host genes.
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Abstract
Objective: The aim of current study was to provide a proof-of-concept on the mechanism of PLAU and PCDH10 gene 
expressions and caspases-3, -8, and -9 activities in the apoptotic pathway after treatment of malignant human glioma 
cell line (U87MG) with cytochalasin H.    
Materials and Methods: In the present experimental study, we have examined cytochalasin H cytotoxic activities as a 
new therapeutic agent on U87MG cells in vitro for the first time. The cells were cultured and treated with 10-5-10-9 M of 
cytochalasin H for 24, 48 and 72 hours. The assessment of cell viability was carried out by (3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazoliumbromide (MTT) assay at 578 nm. The data are the average of three independent tests. mRNA 
expression changes of PLAU and PCDH10 were then evaluated by quantitative reverse-transcriptase polymerase 
chain reaction (qRT-PCR). The fluorometric of caspases-3, -8, and -9 activities were carried out. The morphology 
changes in the U87MG cells were observed by fluorescence microscope.          
Results: MTT assay showed that cytochalasin H (10-5 M) inhibited the U87MG cancer cells proliferation after 48 hours. 
Analysis of qRT-PCR showed that the PLAU expression was significantly decreased in comparison with the control 
(P<0.05). The expression of PCDH10 also showed a significant increase when compared to the control (P<0.001). 
Fluorescence microscope indicated morphological changes due to apoptosis in U87MG cancer cells, after treatment 
with cytochalasin H (10-5 M, 48 hours). The fluorometric evaluation of caspase-3, -8, and -9 activities showed no 
significant difference between the caspases and the control group.                 
Conclusion: This study shows the effect of caspase-independent pathways of the programmed cell death on the 
U87MG cancer cell line under cytochalasin H treatment. Further studies are needed to explore the exact mechanism.          

Keywords: Caspases, Cytochalasin H, Glioblastoma, Plasminogen Activator Urokinase, Protocadherin-10
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Introduction
Glioblastoma multiforme is characterized by the code 

3/9440 in the International Classification of Diseases for 
Oncology (ICD-O) (1). This is the most common and 
aggressive tumor among primary brain tumors in adults 
(2). Recent statistics report the incidence rate of 3.20 per 
100,000 individuals for this disease (3). 

Applying the mesenchymal model, glioblastoma cells 
can propagate and spread to the adjacent cells. This has 
been proved as a limiting factor in the treatment of this 
tumor (4). Moreover, glioblastoma cells dramatically 
attack the brain parenchyma, resulting in a very poor 
prognosis (5, 6). 

The origin of these tumors is glial cells, composed of 
about 14.9% of all primary brain tumors and 56.1% of 
all gliomas (3). Despite the efforts carried out to improve 
treatment of glioma tumor, these are not curable. The 
conventional methods of glioblastoma treatment are 
surgery, radiotherapy, and chemotherapy (7). Although 
chemotherapy is effective in tumor treatment, the utilized 

drugs have side-effects. Sometimes, drug resistance causes 
limitations in the treatment of patients. Cytochalasins are 
alkaloids mycotoxins, as widely available compounds in 
fungi. These are extracted from an endophytic fungus, 
named Rhinocladiella sp, found in a Chinese medical 
plant, named Tripterygium. Cytochalasins target the 
microfilaments in the cytoskeleton (8). Cytochalasins 
connect to their sub-units, leading to some alterations in 
the cytoskeleton structure and preventing polymerization. 
Thus, formation of microfilaments is significantly 
inhibited (9). These inhibitors cause cell division 
by connection and interaction with the microtubule-
microfilament system. In addition, cellular processes are 
affected by cell morphology (10, 11).

Moreover, cytochalasins prevent cell transfer and 
create enucleated cells by penetrating the cell membrane. 
Additionally, cytochalasins using a variety of mechanisms 
affect the other biological process aspects associated with 
actin polymerization (12). 

Many types of cytochalasins such as A, B, C, D, E, 
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O, and H have been identified (8), Cytochalasin H is 
isolated from Paspalum scrobiculatum Linn and affects 
reorganization of the cytoskeleton as an effective factor. 
It is a metabolite of Phomopsis paspali. Cytochalasin H 
also exerts influence on the activity of the central nervous 
system (13).

Apoptosis is the consequence of a planned intracellular 
cascade of genetically controlled stages. Caspases act an 
important function in the performance stage of apoptosis 
and they are accountable for numerous biological and 
morphological alterations related to the programmed cell 
death. Different types of caspase are identical in amino acid 
sequence, construction, and substrate specificity. Thusfar, 
14 caspases have been recognized. Caspases have been 
classified based on the sequence homology, into three 
subclasses, including: caspase-1 subfamily (caspases-1, 
-4, -5, -11, -12 and -13), caspase-2 subfamily (caspases-2 
and -9) as well as caspase-3 subfamily (caspases-3, -6, 
-7, -8 and -10). Caspases-2, -8 and -9 play initiator roles, 
while caspases-3, -6 and -7 are effectors (14, 15). 

About 840 genes have been thus far identified to be 
involved in the glioblastoma, study of which can lead 
to design glioblastoma therapeutic strategies (16). 
Protocadherins are the biggest subsets of cadherins in 
the cell adhesion molecule groups. These are mainly 
expressed in the nervous system (17). There have been 
about 70 protocadherin genes identified in the mammalian 
genome (18). 

PCDH10 belongs to the non-clustered protocadherins 
in the 𝛿-2 protocadherin family (19). This gene is 
located in the chromosome 4q28.3 (20). PCDH10 is 
considered as a tumor suppressor gene, suppressing 
different tumors including leukemia, lung, esophageal, 
colorectal and breast cancers. It is effective in cell 
cycle regulation and, in fact, prevents rapid growth 
and cell division (21). 

PLAU gene is associated with cancer and located in 
the chromosome 10q22.2. Overexpression of urokinase 
plasminogen activator gene (uPA) and its receptor 
(uPAR) has been observed in the breast, bladder, lung, 
pancreatic, liver and colorectal cancers (22). This gene 
encodes serine protease, which converts plasminogen 
to plasmin (23). PLAU, as a motivatorof metastasis, 
encodes protein activating plasminogen urokinase, 
connected to the specific receptors. PLAU performs 
a key role in adjustment of the cells migration and 
adhesion during tissue regeneration and intracellular 
signaling (24). Expression of this gene in different 
cancers causes cell invasion and metastasis of the 
tumor cells to the surrounding tissues (25). 

On this basis, the aim of current study was to provide a 
proof-of-concept on the mechanism of PLAU and PCDH10 
gene expressions, and caspases-3, -8, and -9 activities 
in the apoptotic pathway after treatment of malignant 
human glioma cell line (U87MG) by cytochalasin H. To 
our knowledge, this is the first report of cytochalasin H 
cytotoxic activities effect on the U87MG cells. 

Materials and Methods
Cell culture and treatment with cytochalasin H
Agent treatment

Cytochalasin H was purchased from Sigma-Aldrich 
(USA). In all experiments, 1mg cytochalasin H was 
dissolved in 1ml Dimethyl Sulfoxide (DMSO, Sigma, 
USA) and maintained at -70˚C. For cytochalasin H 
treatment, a relevant amount of stock solution (75 µl 
cytochalasin H in 15 µl DMEM medium) was prepared to 
the final concentrations of 10-5 M.

Cell culture
In this experimental study, the malignant human glioma 

cell line U87MG (ATCC® HTB-14 ™) was obtained from 
Pasteur Institute (Iran). The cells were cultured in T25 
flasks in Dulbecco’s Modified Eagle’s Medium (DMEM, 
Gibco-invitrogen, USA), comprising 10% fetal bovine 
serum (FBS, Gibco-invitrogen, USA), in 95% humidified 
environment at 37˚C with 5% CO2. 

MTT assay
The 3-(4, 5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazo-

lium (MTT) assay was employed to assess the cytotoxic 
impact of cytochalasin H on malignant human glioma 
cell line (U87MG) using Sigma-Aldrich (USA). For this, 
U87MG cells were placed in 96-well plates (10000 cells/
well). After 24 hours, fresh DMEM medium, containing 
different concentrations of cytochalasin H (10-5-10-9 M), 
was added at 100 µl volume per well, respectively, for 24, 
48, and 72 hours. Each concentration has eight replicated 
wells. After incubation, the media were substituted by 
100 μl of 0.5 mg/ml MTT and then the cells were further 
incubated at 37˚C for four hours. MTT was exchanged 
with isopropanol and the absorbance was measured us-
ing an absorbance micro-plate reader/Elisa DNM-9602G 
(Madell Technology Corp, USA) at 578 nm. Furthermore, 
MTT assay was repeated for normal HEK cells compared 
to U87MG cells.

PLAU and PCDH10 quantitative reverse-transcriptase 
polymerase chain reaction evaluations

For evaluating PLAU and PCDH10 gene expression 
levels using quantitative reverse-transcriptase polymerase 
chain reaction (qRT-PCR) technique, U87MG cells 
(5×105) were cultured and treated with cytochalasin 
H (10-5 M). After 24 hours, RNA was isolated by RNA 
extraction kit Transgen Biotech ER101-01 (China), from 
the U87MG cells and concentration was analyzed by 
nanodrop instrument (Nanodrop ND-1000 Technologies, 
USA). cDNA synthesis was performed  using Transgen 
Biotech AE301-02 kit (China). Primers for amplification 
of PCDH10 and PLAU were designed using Beacon 
Designer, Gene Runner and Primer Express Software. 
The primer sequences are represented in Table 1. RT-
PCR program was initiated by incubating at 94˚C for 
five minutes. This was followed by 30 cycles of 94˚C, 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=2ahUKEwir5OPeu_vbAhWSL1AKHewfCHcQFjABegQIABAB&url=https%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpmc%2Farticles%2FPMC4722926%2F&usg=AOvVaw0HIbGYHSWCCFFHqA7w7yJ4
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=2ahUKEwir5OPeu_vbAhWSL1AKHewfCHcQFjABegQIABAB&url=https%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpmc%2Farticles%2FPMC4722926%2F&usg=AOvVaw0HIbGYHSWCCFFHqA7w7yJ4
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54˚C, and 72˚C (30 seconds each). A last step of seven 
minutes (72˚C) was performed. Moreover, PCR products 
were analyzed by agarose gel electrophoresis. qRT-
PCR was carried out using ABI StepOne Real-Time 
PCR thermal cycler (Applied Biosystems, USA). 10 μl 
SYBR Green master mix, 1 μl cDNA, 1μl of forward 
and reverse primers (10 pmol) and 7 μl of nuclease-free 
water was put into each capillary tube. Each sample was 
performed in triplicate. The default program conditions 
of ABI Software were 10 minutes at 94˚C (initial stage). 
Then, 40 cycles were carried out consisting denaturation 
(1 minute, 94˚C), annealing and extension (70 seconds, 
55˚C). Melting curves were evaluated in order to confirm 
the specificity of PCR products. 

Morphological examination by fluorescence microscope

U87MG cells (5×105) were treated with 10-5 M 
cytochalasin H for 48 hours, and subsequently collected 
and fixed in 80% Aston at 4˚C for 20 minutes. The cells 
were then stained by Hoechst 33342 in dark for five 
minutes followed by thorough washing with phosphate-
buffered saline (PBS). Finally, morphology changes in the 
U87MG cells were observed by fluorescence microscope 
(Nikon Eclipse Ti-S, USA).

Caspase enzymatic activity assay

The fluorometric of caspases-3, -8 and -9 activities were 
carried out using the NOVEX caspases kit assay (USA). 
This was done to quantitate the enzyme activity of caspases 
recognizing amino acid sequence, DEVD (for caspase-3), 
IETD (for caspase-8) and LEHD (for caspase-9). Briefly, 
U87MG cells were treated with 10-5 M cytochalasin H in 

5% CO2 at 37ºC for 48 hours. Moreover, the cells (3×106 
per sample) were collected and added to 50 ml lysis 
buffer on ice for 10 minutes. Following centrifugation 
at 10,000 g for one minute, the lysate was collected 
and stored at -20˚C until use. Protein concentration was 
assayed according to the Bradford method cytosol extract 
samples containing 300 µg total protein, used for caspase 
activity. The samples were added to 96-well plates with 
substrates at 37˚C for two hours. The color absorbance 
was measured at a wave length of 405 nm in an ELISA 
reader (DNM-9602G, China).

Statistical analysis
Each test was carried out in triplicate. The data are 

presented as mean ± SD. Student’s t test and one-way 
analysis of variance (ANOVA) was done to assess the 
significant difference through the data using IBM SPSS 
(IBM, USA) version 13.0. P<0.05 was considered 
statistically significant.

Results
Eeffect of cytochalasin H on the proliferation inhibition 
and viability of U87MG Cells

Effect of cytochalasin H on the proliferation inhibition and 
viability of the U87MG cells were investigated using MTT 
assay. The results showed that cytochalasin H at concentration 
of 10-5 M inhibited the U87MG cancer cells proliferation for 
48 hours (P<0.05), however there was no cytochalasin H 
toxic effects on the U87MG cancer cells after 24 and 72 hours 
(P>0.05, Fig.1A). Interestingly, there was not cytochalasin H 
toxicity effects on the normal (HEK) cell line compared to the 
U87MG cancer cells (P>0.05, Fig.1B).

Fig.1: Effects of different cytochalasin H concentrations on cancer cells and normal cells compared to the control.  The proliferation was determined using 
MTT assay. A.  U87MG (cancer cells) as observed in the MTT assay during 24, 48 and 72 hours. The results are reported as means ± SD (*; P<0.05, 48 hours) 
and B. HEK cells (normal cells) as observed using the MTT assay after 24 and 48 hours exposure. No significant difference was observed compared to the 
control group. 
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Table 1: The primer sequences applied for quantitative reverse-transcriptase polymerase chain reaction

Product size (bp)Sequence primer  (5ˊ-3ˊ)Tm (˚C)GCGene
81F: TCG TGG GGA ATA TCG CTG AA57.950.0PCDH10

R: TTG AGT TGG GCA CCG TCT G59.357.9PCDH10
123F: GGT CGC TCA AGG CTT AAC TCC60.057.1PLAU     

R: CTT CAG CAA GGC AAT GTC GTT58.847.6PLAU    

Effect of cytochalasin H on the PCDH10, PLAU gene 
expressions of U87MG Cells

The results showed that PCDH10 gene expression was 
8.59 times higher in U87MG cells treated with cytochalasin 
H, compared to the control. PCDH10 gene expression was 
significantly increased (P<0.001, Fig.2A). In addition, PLAU 
gene expression was 2.5 times lower in U87MG cells treated 
with cytochalasin H, compared to the control.  PLAU gene 
expression was significantly decreased (P<0.05, Fig.2B). 

Fig.2: Expression level of some genes in U87MG cells after treatment 
with cytochalasin H (10-5 M) for 48 hours was evaluated by real-time 
polymerase chain reaction. A. PCDH10 (tumor suppressor gene) and B. 
PLAU (oncogene). The data are expressed in terms of percent of control 
cells as the means ± SD. ***; P<0.001 and *; P<0.05 compared to control.

Assessment of caspases-3, -8 and -9 assay
As shown in Figure 3A, protein concentration was assassed 

according to Bradford standard curve containing 300 µg total 
protein in order to evaluate the caspase activity.

U87MG cells were treated with cytochalasin H (10-5 M) 
for 48 hours. As shown in Figure 3B, activity of caspase-3, 

caspase-8 and caspase-9 were increased following 
cytochalasin H treatment (17, 12 and 7%, respectively), 
however no significant difference was observed (P>0.05).

Fig.3: Stimulation of caspase-3, -8 and -9 Activity by cytochalasin H in U87MG 
Cells. A. A typical Bradford assay standard curve with samples ranging from 50 
to 1000 µg/ml BSA and B. Effects of cytochalasin H on caspases-3, -8, and 9 
activities. U87MG cells were treated with cytochalasin H (10-5 M) for 48 hours. 
No significant difference was determined compared to the control group.

Morphological observation of human malignant glioma 
cell line using inverted and fluorescent microscope

After treatment for 24, 48 and 72 hours with 10-5 and 
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10-6 M cytochalasin H, structural changes of the cells were 
investigated under light microscope. Figure 4 shows the 
control cells with no exposure to cytochalasin H (series 
A), the cells exposed to cytochalasin H for 24 hours 
(series B), the cells exposed to cytochalasin H  for 48 
hours (series  C) and the cells exposed to cytochalasin H 
for 72 hours (series D).

Fig.4: Light micrographs of the cancer cells exposed to cytochalasin H. A. Non 
treated U87MG cell cultures for 24, 48, 72 hours [magnifications: (a1) ×20; (a2) 
×40], B. U87MG cells treated with cytochalasin H  (b1) 10-5 M, (b2) 10-6 M for 24 
hours [magnifications: (b1, b2) ×20], C. U87MG cell treated with cytochalasin 
H  (c1, c2) 10-5 M, (c3, c4) 10-6 M for 48 hours [magnifications: (c1, c3) ×20, (c2, 
c4)  ×40], and D. U87MG cell treated with cytochalasin H  (d1) 10-5 M, (d2) 10-6 

M for 72 hours [magnifications: (d1, d2) ×20].

After treatment for 48 hours with 10-5 M cytochalasin H, 
morphological changes were observed under fluorescence 
microscope. In the control group, normal nuclei were 
stained with a less bright blue fluorescence (Fig.5A). 
After cytochalasin H treatment, apoptotic cell nuclei were 
condensed and fragmented (Fig.5B). 

Fig.5: Morphological changes of U87MG cancer cells exposed to 
cytochalasin H (10-5 M) for 48 hours and imaged by fluorescence 
microscope. A. Illustration of the cells with normal nuclei (magnification: 
×100) and B. Illustration of the cells with apoptotic nuclei (arrowheads, 
magnification: ×100).

Discussion
Glioblastoma is one of the most malignant central 

nervous system tumors located in the brain (26), with a 
weak prognosis. Insufficient cytotoxic factors currently 
exist for curing these tumors. Cytochalasins are recognized 
to inhibit a number of cancer types, but the effect of 
cytochalasin H on glioma cells is yet unidentified.

The goal of current investigation was to evaluate 
special effects of cytochalasin H on the U87MG cells and 
apoptosis. The most important outcome of this research 
was that cytochalasin H inhibited human glioma U87MG 
cells through apoptosis in a dose- and time-dependent 
manner. Despite development of the standard therapeutic 
solutions, treatment of glioblastoma has a very bad and 
disappointing prognosis and it is most likely to recur (27). 

The mean survival of these patients is approximately 
12-15 months, which is significantly decreased in older 
people (27). The impact of cytochalasins on the cell 
morphology and performances of normal and malignant 
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cells have been investigated in vitro (5, 28). Cytochalasins 
affect many cellular performances like cell adhesion, 
cell motility, secretion, drug delivery, etc. Along with 
chemotherapy , they induce significant clinical response 
in the cell systems. Cytochalasins are also considered as 
anti-tumor drugs for their strong feature (29).

In some studies, cytotoxic effects of cytochalasin E 
on the U87MG cell line (30) and impact of cytochalasin 
B on the U251MG, as a malignant human glioma cell 
line, were investigated (31). Furthermore, their impact 
on the inhibition of cell proliferation and growth of 
microfilaments were observed.

In this research, the effect of cytochalasin H (another 
member of cytochalasin family) on the U87MG cells 
was studied. Cytochalasin H significantly affects the 
cytoskeleton reorganization. The impact of toxicity of 
cytochalasin on the cancerous U87MG cell line, as well 
as normal HEK cells, was investigated. There was an 
increase of cytochalasin H toxicity in the cells treated 
with cytochalasine H for 48 hours. However, toxicity 
was statistically significant only at the concentration of 
10-5 M. No cytochalasin H toxicity effect was observed 
in the cells treated with cytochalasin H for 72 hours and 
interestingly this important finding is in agreement with 
Tong et al. (31) reported that there was no difference 
between 72 and 96 hours after treatment of U251 cancer 
cell line by cytochalasin B. 

It is proposed that could be due to the deactivation of 
the cytochalasin H components. However, lethal effect 
of this compound is possibly reduced in vitro. Therefore, 
U87MG cells need more time to be reproduced. Our 
results showed that cytochalasin H has no toxicity effect 
on the normal HEK cell line, which amazingly are 
consistent with Trendowski (32) who reported that the 
cytochalasins act to preferentially injury malignant cells, 
as revealed by their least influences on normal epithelial 
and immune cells.  

The obvious signs of apoptotic cells include cell 
nucleus condensation, chromatin and cytoplasm, loss of 
phosphatidylserine cell membrane, DNA fragmentation, 
and connection of cell membrane to the apoptotic bodies 
(33). It was shown that the cells were appeared in a 
healthy and integrated form with normal nuclei, before 
treatment. However, cytoplasm of the cells, treated with 
cytochalasin H in a concentration of 10-5 M, was observed 
in a bubbled form with concentrated and fragmented 
nuclei. This indicated that the cells were directed towards 
apoptosis.

Apoptotic pathway procedure occurs in two forms: 
caspase-dependent and caspase-independent pathways 
(34). Caspases play pivotal role in the caspase-dependent 
apoptosis. By classifying, caspase-8 and caspase-9 were 
emphasized as initiator caspases (35). However, caspase-3 
was classified as an effective caspase. Caspase-8 was 
activated through different apoptotic pathways, but the 
main apoptosis induction pathway was made through the 
extrinsic apoptosis pathway with the help of extrinsic 

apoptosis induction markers of involving first apoptosis 
signal (FAS) (transmembrane protein) and immune 
cells. In the intrinsic apoptosis pathway, caspase-9 was 
activated by the release of cytochrome C (36). Caspase-9 
led to the activation of the executive caspases (such as 
caspase-3), which operated on its own substrate giving 
rise to the apoptosis process (37). 

The results obtained from this study showed that the 
enzyme activity of caspases was not sufficient to start 
the caspase-dependent apoptosis process. Moreover, 
statistical analysis of the caspase enzyme activity was not 
significant and, therefore, verified our results. 

These results were inconsistent with the findings 
obtained from testing the cells by fluorescent microscope. 
The cell nuclei were observed, condensed, and fragmented 
under fluorescent microscope, and this is how the cells 
were led towards apoptosis. So, the effect of cytochalasin 
H on the induction of apoptosis in the U87MG cells 
could probably be attributed to the caspase-independent 
apoptosis pathway. Interestingly, our results are consistent 
with Trendowski (32) who reported that cytochalasins 
specially injure malignant cells via actin disruption. 

Previous studies showed that some types of cell 
deaths might occur in the absence of caspase activation. 
Therefore, special inhibitors of caspase could stop their 
activity or the activity of caspase was proposed to be no 
sufficient for starting the caspase-dependent apoptosis 
process (38, 39). As of the apparent signs of caspase-
independent apoptosis pathways are mitochondrial 
swelling, cytoplasmic vacuolation in the absence of 
caspase activation or nucleus alterations (33).

For the first time, our results showed that cytochalasin H 
could successfully increase the expression of PCDH10 in 
the U87MG cells which is in agreement with Hirano and 
Takeichi (19); Nagase et al. (20); Wolverton and Lalande 
(21) and Andreasen et al. (22) reported that PCDH10 
gene plays a tumor suppressor role in most tumors and 
high expression of PCDH10 in the tumor cells in vitro 
significantly inhibited the proliferation and re-invasion of 
tumor cells to the adjacent tissues. 

On the other hand, our findings showed that the 
cytochalasin H could successfully decrease the expression 
of PLAU in U87MG cancer cells. This is compatible 
with Muñoz-Cánoves et al. (40) who reported that uPA 
levels were strongly down-regulated in C2C12 myoblast 
cells after treating with cytochalasin B. However, they 
included that this phenomenon was reversible and 
specific. To sum it up, these results indicate the caspase-
independent pathways (most probably through the 
cytoskeletal structure disruptions) of the programmed cell 
death in the U87MG cancer cell line under cytochalasin 
H treatment. However, the exact mechanisms should be 
further investigated.

Conclusion
Cytochalasin H shows cytotoxic activities on U87MG 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Mu%C3%B1oz-C%C3%A1noves P%5BAuthor%5D&cauthor=true&cauthor_uid=9066006
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cells in a dose- and time-dependent manner. More 
importantly, cytochalasin H induced apoptosis in glioma 
cells via the caspase-independent pathways (most 
probably through the cytoskeletal structure disruptions) 
together with decrease the expression of PLAU and 
increase the PCDH10 respectively.  
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Abstract
Objective: Tricuspid atresia (TA) is a rare life-threatening form of congenital heart defect (CHD). The genetic 
mechanisms underlying TA are not clearly understood. According to previous studies, the endocardial cushioning event, 
as the primary sign of cardiac valvulogenesis, is governed by several overlapping signaling pathways including Ras/
ERK pathway. RASA1, a regulator of cardiovascular development, is involved in this pathway and its haploinsufficiency 
(due to heterozygous mutations) has been identified as the underlying etiology of the autosomal dominant capillary 
malformation/arteriovenous malformation (CM/AVM).     
Materials and Methods: In this prospective study, we used whole exome sequencing (WES) followed by serial 
bioinformatics filtering steps for two siblings with TA and early onset CM. Their parents were consanguineous which 
had a history of recurrent abortions. Patients were carefully assessed to exclude extra-cardiac anomalies.          
Results: We identified a homozygous RASA1 germline mutation, c.1583A>G (p.Tyr528Cys) in the family. This mutation 
lies in the pleckstrin homology (PH) domain of the gene. The parents who were heterozygous for this variant displayed 
CM.                
Conclusion: This is the first study reporting an adverse phenotypic outcome of a RASA1 homozygous mutation. 
Here, we propose that the phenotypic consequence of the homozygous RASA1 p.Tyr528Cys mutation is more serious 
than the heterozygous type. This could be responsible for the TA pathogenesis in our patients. We strongly suggest 
that parents with CM/AVM should be investigated for RASA1 heterozygous mutations. Prenatal diagnosis and fetal 
echocardiography should also be carried out in the event of pregnancy in heterozygous parents.       

Keywords: Pleckstrin Homology Domain, RASA1, Tricuspid Atresia, Whole Exome Sequencing
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Introduction
Cardiac valvulogenesis is known as an embryogenic 

evolutionary conserved mechanism in all vertebrates (1). 
Heart valve formation is described by the primary formation 
of endocardial cushions (ECs) in the atrioventricular canal 
and outflow tract, which starts at embryonic day (E) E31-E35 
in human and E9.5 in mouse (2, 3). During the complex 
endocardial cushioning event, endothelial-mesenchymal 
transition occurs in a subgroup of endothelial cells and the 
atrioventricular canal including the mitral and tricuspid 
valves will appear (4). This critical stage is governed by 
overlapping signaling pathways including VEGF, NFATc1, 
Notch, Wnt/beta-catenin, BMP/TGF-beta, ErbB, EGF and 
Ras/ERK (MAPK) pathways (2, 4-6). The interactions 
among these signaling pathways and their relative timing are 
proposed as a signaling network model for valvulogenesis 
(Fig.1) (4). 

Numerous gene disruptions related to these pathways 
have now been revealed to influence valve phenotypes 
(7). Tricuspid atresia (TA, MIM#605067), with a 
prevalence of 1/25000 at live birth, is an infrequent 
form of valvular congenital heart defect (CHD) 
commonly associated with poor prognosis (1, 8, 9). 
Some studies have reported familial occurrences of TA 
(10-12). However, the genetic mechanisms underlying 
TA remain unclear. In this study, we used whole exome 
sequencing (WES) as a powerful method for detecting 
the genetic aetiology of a heterogeneous disease such 
as CHD (1, 13), and found a germline ‘homozygous’ 
missense mutation c.1583A>G p.(Tyr528Cys) in the 
pleckstrin homology (PH) domain of RASA1 (Fig.2)  in 
a consanguineous Iranian family.
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Fig.1: The Ras/ERK signal transduction pathway with emphasis on p120-RasGAP interactions. By the binding of growth factors, cytokines or hormones to tyrosine 
kinase receptors (TKR), cross phosphorylation of tyrosine residues occurs and following their dimerization, the Ras/ERK pathway is activated. RasGap proteins 
including p120-RasGAP, neurofibromin (NF1) and RAS-P21 protein activator 2 (RASA2) are able to downregulate Ras signaling by the conversion of the active form 
of Ras to its inactive form (GTP-bound and GDP-bound respectively) (5, 14). P120-RasGAP, in a Ras-dependent manner, binds to phosphorylated TKRs. The Ras/
ERK pathway (shown by blue arrows) leads to differentiation, proliferation and migration and is involved in the development of heart valve. The inherited disorders 
of this pathway including NF1, Legius syndrome, Noonan, Cardiofaciocutaneous (CFC) syndrome, Costello, LEOPARD, and Capillary Malformation/Arteriovenous 
Malformation (CM/AVM) are indicated. Ras-independent function of RASA1 (shown by brown arrows) is promoted via the interaction between p120-RasGAP and 
p190 RhoGAP with the latter acting as a GAP for the Ras superfamily protein Rho (15, 16). P120-RasGAP also has the ability to bind phosphoinositides. The PI3K/
AKT pathway (shown by green arrows) leads to cell survival, which protects cells against apoptosis (1, 15).

 

Fig.2: P120-RasGAP protein structure. A. P120-RasGAP is a protein with 1047 aminoacid residues with the N-terminus containing SH2 and SH3 domains, 
and the central region containing a PH domain and a CALB/C2 domain. The C-terminus has the RasGAP domain. The position of the p.Tyr528Cys RASA1 
missense mutation in the PH domain has been indicated (https://www.rcsb.org/), B. Position of the tyrosine residue in RASA1 transcripts (http://genome.
ucsc.edu), C. The tyrosine residue is strongly conserved among the species (http://genome.ucsc.edu), and D. The position of the p.Tyr528Cys RASA1 
missense mutation in the three-dimensional model (secondary structure) of the PH domain is shown. The p120-RasGAP PH domain comprises seven 
antiparallel beta-sheets, which is closed at one end by a C-terminal alpha-helix. The Tyr528 side chain is exposed in the C-terminal region, neighboring 
to the C-terminal alpha-helix of the PH domain (the C-terminal region of the domain and the inositol-phosphate (IP)-binding site are also shown) (12).

A

B C D

https://www.rcsb.org/
http://genome.ucsc.edu
http://genome.ucsc.edu
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Material and Methods
In this prospective study, a consanguineous family, in 

which the parents were first cousins, were referred to the 
Pediatric Cardiology and Neonatal Intensive Care Unit of 
Tehran Children Medical Center for prenatal ultrasound 
screening of CHD for high risk families. The fetus’ father 
(proband) as well as her paternal uncle were already 
diagnosed with TA (currently at ages 32 and 28 years 
respectively). The affected siblings with TA were born 
to healthy consanguineous parents which had a history of 
three pregnancy losses in 16-18 weeks of gestation. In this 
family, there was also one infant who had died at day 11 after 
birth with an unknown heart malformation (Fig.3). Although 
prenatal ultrasound screening of CHD for the proband’s fetus 
appeared normal, this family was interested in determining 
the genetic aetiology underlying CHD in their family. A 
signed informed consent form was taken from all participants 
after being informed of the aim of the research study. This 
research study was approved by the Ethics Committee of the 
University of Social Welfare and Rehabilitations Sciences of 
Tehran, Iran (IR.USWR.REC.1395.132).

Cytogenetics and Fluorescent in Situ Hybridization 
analysis

For classical cytogenetics analysis, 5 ml venous blood 
samples-collected in heparinized tubes-were handled 
for cell culture and harvesting following standard 
techniques. High-resolution G-banded lymphocyte culture 
(520 resolution) was carefully analyzed to exclude 
chromosomal abnormality in patients. 

Fluorescent in Situ Hybridization (FISH) analysis was 
carried out on a suspension of metaphase and interphase 
cells using KreatechTM KBI-40103 DiGeorge HIRA 

(22q11)/22q13 (SHANK3) probes, according to the 
manufacturer’s procedure, to exclude the 22q11.2 
microdeleion.

Exome sequencing
Genomic DNA was extracted from 5 ml venous blood 

collected in EDTA-containing tubes using the standard 
salting-out method. Approximately 50 ng of genomic 
DNA was obtained from the proband and prepared for 
WES with the Exome Enrichment Kit and Agilent’s 
SureSelect Human All Exon V6 capture probes, and run 
on an Illumina HiSeq 4000 platform yielding an average 
read depth of 100x. Sequence alignment and variant 
calling for the targeted platform were made against 
the human reference genome GRCh37/hg19 build and 
wANNOVAR (http://wannovar.wglab.org/) was used for 
variant annotation. 

Bioinformatic analysis
Several steps were taken to prioritize the entire set 

of high-quality variants. Briefly, variants in intergenic, 
down/up-stream, intronic, and UTR regions along with 
synonymous variants were excluded. Based on the 
hypothesis that the causative mutation for the disease 
in the siblings is rare, variants with unreported and 
reported minor allele frequency (MAF)≤0.01 were 
considered in genomic variation databases including 
exac, (http://exac.broadinstitute.org/), the 1000 Genomes 
project (www.1000genomes.org), genomAD browser 
(http://gnomad.broadinstitute.org) and NHLBI Exome 
Sequencing Project (ESP) (http://evs.gs.washington.edu/
EVS/). Moreover, variants observed in the exomes of 100 
unrelated healthy Iranians or Iranians affected with non-
cardiovascular diseases were further excluded.

Fig.3: The family pedigree and chromatogram results of RASA1:c.1583A>G p.(Tyr528Cys). A. The pedigree displays an autosomal dominant pattern of 
inheritance and B. The Sanger sequencing validation for all the family members. Individual IV-2 died due to cardiac anomalies, TA was not investigated.

A B

http://gnomad.broadinstitute.org
http://evs.gs.washington.edu/EVS/)
http://evs.gs.washington.edu/EVS/)
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In the next step, we classified the rare variants according 
to their in silico prediction scores in Polyphen2 (http://
genetics.bwh.harvard.edu/pph2/), SIFT (http://sift.bii.
astar.edu.sg/), MutationTaster (www.mutationtaster.
org), CADD_phred (cadd.gs.washington.edu/) and 
GERP++ (UCSC Genome Browser). Taking into account 
variants that were present in homozygous, X-linked or 
compound heterozygous states, we achieved gene-based 
arrangements by incorporating conservation scores of the 
variants based on the SiPhy_29way_logOdds score. 

Validation of candidate mutations 

We finally focused on variants in genes that are involved 
in biological pathways related to the cardiovascular 
system and/or in the pathogenesis of cardiac defects in 
animal models (http://www.informatics.jax.org/). The 
candidate variants were validated by Sanger sequencing 
(as the gold standard for screening and verifying variants 
of interest) for all family members to identify causative 
variants shared by two patients but not in the unaffected 
individuals. Moreover, to predict the impact of the 
candidate variant on protein structure and function, we 
also undertook protein structural modeling based on the 
homologous structures presente in PDB using SPDBV 
4.10 (http://spdbv.vital-it.ch/). 

Results
Cytogenetics and Fluorescent in Situ Hybridization

None of the patients showed chromosome abnormalities 
in either the karyotype analysis or the FISH-based 22q11.2 
microdeletion detection analysis. 

Exome sequencing and bioinformatics analyses 
Five candidate variants were identified by WES 

(Table 1). Sanger sequencing validated the c.1583A>G 
(p.Tyr528Cys) variant (rs145752649) in RASA1 in 
homozygous state as the only candidate variant shared by 
the two patients. Other family members including parents 
and proband’s offspring were heterozygote as expected 
(Fig.3). However, the mutation in RASA1 gene has already 
been recorded (http://www.hgmd.cf.ac.uk/ac/index.php) 
in heterozygous form as the cause of autosomal dominant 
capillary malformation/arteriovenous malformation (CM/
AVM) (17). Moreover, as several truncating heterozygous 
mutations in this gene have previously been reported with 
vascular anomalies in association with multiple forms of 
CHD (18) (Table 2), we propose that the p.Tyr528Cys 
homozygous mutation could be responsible for non-
syndromic TA in our family.

Characteristics of family members 
Having evaluated the heterozygous parents more 

precisely, we noted a unilateral purple-red lesion (2.5×3 
cm) on the father’s hand and bilateral varicose veins on 
mother’s legs, indicative of CM. Moreover, the father had 
a history of spontaneous subarachnoid hemorrhage. After 
the birth of the proband’s offspring, a pale-pink lesion 
also appeared in her forehead. None of the parents or 
proband’s offspring showed cardiovascular abnormality 
by echocardiography. The cardiologists and clinical 
geneticists thoroughly evaluated both patients to rule 
out extra-cardiac malformations. Cardiac phenotypic 
characterization of the patients was undertaken with 
echocardiography (Table 3).

Table 1: Candidate variants used for cosegregation analysis

Gene Position Zygosity Variant db SNP ID MAF in genomAD 
(exome_all)

CADD GERP++ SiPhy

RASA1 Chr5: 
86659294

Hom NM_002890:

c.1583A>G. p.Tyr528Cys

rs145752649 0.0015 28.3 5.58 15.75

BBS12 Chr 4:  
123664906

Hom NM_152618:

c.1859 A>G: 
p.Gln620Arg

rs368861241 0.0005 23.7 5.81 10.955

HUWE1 Chr X: 
53602150

Hemi NM_031407:

c. 6062C>T:p.Thr2021Ile

Novel ND 22.6 4.37 12.15

MYO1E Chr 15:  
59430501

Het NM_004998:

c. 3146 C>A: 
p.Pro1049His

rs147579391 0.0023 31 5.79 20.044

MYO1E Chr 15:  
59519746

Het NM_004998:

c.554 G>A p.Asp185Gly

rs141565214 0.0022 25 6.02 16.545

Mutations were named according to http://varnomen.hgvs.org/. 
SNP;  Single nucleotide polymorphisms, MAF; Minor allele frequency, CADD; Combined annotation dependent depletion, GERP++; Genomic 
evolutionary rate profiling, Chr; Chromosome, Hom; Homozygous, Hemi; Hemizygous, Het; Heterozygous, and ND; No data.

http://genetics.bwh.harvard.edu/pph2/)
http://genetics.bwh.harvard.edu/pph2/)
http://www.informatics.jax.org/)
http://spdbv.vital-it.ch/)
http://www.hgmd.cf.ac.uk/ac/index.php)
http://varnomen.hgvs.org/
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 Table 2: Congenital Heart defects associated with CM/AVM due to heterozygous RASA1 truncating mutations

RASA1 gene nucleotide change* Putative effect at amino acid level Cardiac feature

c.1572_1575dup p.Ser526MetfsX8 CO, TOF 

c.1682_1683dup Pro562LeufsX9 CF, ASDII/PFO 

c.1698+3_1698+4insT Splicing affected PS

c.2125C>T p.Arg709X CF

c.21841+1delG Splicing affected PDA, ASD, PS, prolapsed TV

c.806_810delTTTAC p.Leu269ProfsX11 CO

c.957G>A p.Trp319X CO

*This table is adapted from Revencu et al. (18). Nucleotide numbering was based on cDNA sequence NM_002890.1. Mutations were named according to 
http://www.hgvs.org/mutnomen/.
CM/AVM; Capillary malformation/arteriovenous malformation, CO; Cardiac overload, TOF; Tetralogy of fallot, CF; Cardiac failure, ASD; Atrial septal defect, 
PFO; Patent foramen ovale, PS; Pulmonary stenosis, PDA; Patent ductus arteriosus, and TV; Tricuspid valve. 

Table 3: Cardiac phenotypic characterization of the patients

Patient no. Cardiac phenotype Capillary malformation symptoms

III-1 Normal values for echocardiographic measurements A unilateral purple-red lesion (2.5×3 cm) on hand.

Subarachnoid Hemorrhage
III-2 Normal values for echocardiographic measurements Bilateral varicose veins on legs

IV-3 TA

Functionally single ventricle with LV morphology

LV is normal with LVEF:45%

RV is rudimentary

ASD (2 cm)

PS

Small VSD

Mild MVP

Mild MR 

Early onset bilateral varicose veins on legs

IV-4 TA

Functionally single ventricle with LV morphology

LV is normal with LVEF:45%

RV is rudimentary

ASD (2 cm)

PS

Mild MR

Early onset mild bilateral varicose veins on legs 

V-1 Normal values for echocardiographic measurements A pale pink lesion (2×2 cm) in forehead

TA; Tricuspid atresia, LV; Left ventricle, RV; Right ventricle, ASD; Atrial septal defect, PS; Pulmonary valve stenosis, VSD; Ventricular septal, MVP; Mitral 
valve prolapse, MR; Mitral regurgitation, and LVEF; Left ventricular ejection fraction.

http://www.hgvs.org/mutnomen/
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Discussion

Here, we report a co-segregating homozygous 
p.Tyr528Cys germline mutation in RASA1 in two patients 
with isolated TA. RASA1 (also known as Ras p21 protein 
activator 1) is a GTPase activator for normal RAS p21 
but not its oncogenic counterpart. It is the first described 
member of Ras GTPase-activating protein (RasGAP) 
family that encodes a p120-RasGAP protein (16, 19). 
The involvement of Ras-related signaling pathways in the 
development of embryonic heart has been emphasized by 
the significant contribution of the components of these 
pathways in the pathogenesis of RASopathy disorders 
(17, 20-22). These molecular components include 
either RasGAP family members or other downstream 
molecules in the Ras/Raf/Mek/ERK cascade. Compound 
heterozygous missense mutations in the gene encoding 
NFATC1, which acts downstream of the Ras/ERK 
pathway, was also recently identified in a non-syndromic 
case of TA in a Lebanese family (1).

In spite of the syndromic nature of Rasopathy disorders, 
heterozygous germline mutations in RASA1 cause vascular 
development disorders without any developmental defects 
(23). RASA1 haploinsufficency due to heterozygous 
mutations has been identified in a subset of individuals 
with CM/AVM (16). CM/AVM is mainly characterized 
by small multifocal and randomly distributed CM as pink-
red to purple lesions, varicosities vein with or without 
deep venous anomalies, and fast flow lesions including 
arteriovenous malformation (AVM) or arteriovenous 
fistula (AVF). Vascular anomalies typically arise in 
several parts of body including skin, bone, muscle, spine 
and even brain causing life-threatening complications 
including bleeding and congestive heart failure (14, 15, 
18, 21, 24). In our study, the daughter and parents of the 
proband who were heterozygous for the p.Tyr528Cys 
mutation displayed multiple forms of CM/AVM. The 
two siblings also displayed early onset bilateral varicose 
veins. Furthermore, these patients are at increased risk of 
fast blood flow lesions as their father. 

Until now, more than 100 highly penetrant mutations 
have been identified across RASA1 (14, 18, 25), however, 
no genotype–phenotype correlation has been established 
(25). It is noteworthy that in a study by Revencu et al. 
(18) several heterozygous RASA1 mutations (mostly 
nonsense, frameshift and splice defect) were identified in 
familial cases of CM/AVM in association with multiple 
forms of CHD. Although They focused on various forms 
of vascular anomalies due to RASA1 mutation, they did 
not consider the cardiac phenotypes of their patients in 
detail. This kind of association indicates that while there 
is no data suggesting that RASA1 homozygous mutation 
cause more serious phenotypes, we speculate that the 
high mortality rate in this family along with two children 
affected by severe cardiac defects may be a consequence 
of the complete loss of the PH domain of RASA1. 

The p120-RasGAP protein is a monomeric cytoplasmic 

protein with several domains (16). Each protein domain is 
involved in several cellular and developmental processes 
in a Ras-dependent or Ras-independent manner (26). In 
a functional study performed on homozygote mice with 
a point mutation in the GAP domain (Rasa1 R780Q/
R780Q), the severity of blood vascular abnormalities 
was identical to Rasa1-null mice and their cardiovascular 
manifestations were also mostly restricted to ECs. This 
finding suggested that cardiovascular anomalies are 
caused by the inability of RASA1 to control Ras activation 
in a Ras-dependent manner (24). In accordance with this 
finding, we focused on the functional importance of the PH 
domain responsible for Ras-dependent function of p120-
RasGAP, which seems to contribute to the pathogenesis 
of the cardiovascular phenotype observed in the family 
reported here. The missense substitution p.Tyr528Cys 
found in our patients alters tyrosine to cysteine in the PH 
domain. Since this residue is extremely conserved among 
human PH domain-containing proteins (http://grch37.
ensembl.org/index.html) and among other species, it is 
likely to be essential for RASA1 function.

Generally, PH domains have structurally conserved 
motifs and contain about 100 amino acid residues. 
They are present in several proteins and contribute to 
signal transduction pathways. The PH domain of p120-
RasGAP is consists of aminoacids 474-577 and is in the 
noncatalytic region of the protein. However, it binds to the 
catalytic domain (GAP domain) within the same protein 
and interferes with Ras/GAP interaction (27). According 
to Hernandez et al. (28) the PH domain of p120-RasGAP 
has the ability to bind to phospholipid subgroups as well as 
being involved in numerous protein-protein interactions. 
The C-terminal region of the PH domain (residues 523-
591) interacts with Ras and competes with it for binding 
to the GAP domain. The Tyr528 side chain, which is 
substituted by the cysteine residue in our patients, is 
exposed on the C-terminal region of the PH domain (27, 
29). This substitution leads to the removal of the aromatic 
side chain and creation of a slightly negatively charged 
residue (28). The surface exposed position of tyrosine 
suggests that this substitution may alter binding of the 
PH domain to protein partners or the GAP domain within 
the same protein (29). Therefore, it seems that complete 
loss of function of the PH domain in a Ras-dependent 
manner would lead to the inability of RASA1 to regulate 
the Ras molecule, and thereby may have an effect on TA 
pathogenesis in our patients. 

Finally, we considered previous functional studies on 
murine models deficient for Rasa1. These data suggest the 
essential role of Rasa1 in the regulation of cardiovascular 
development. Although heterozygous mice, due to the 
loss of one germline Rasa1 allele, had no observable 
phenotype, homozygous loss caused embryonic death 
at E9.5 to E10.5 which is correlated with the primary 
formation of EC in the atrioventricular canal and 
outflow tract (2, 3, 19, 30, 31). Interestingly, adult mice 
with induced homozygous loss of Rasa1 in all tissues 
have no detectable spontaneous cardiovascular defect. 
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Therefore, Rasa1 seems to be necessary for embryonic 
cardiovascular development, however, it is not necessary 
for cardiovascular maintenance (31). These studies also 
indicated that, while Rasa1 is ubiquitously expressed, 
embryonic mortality of mice deficient for Rasa1 is mostly 
restricted to ECs (16). 

Conclusion
On the basis of the contribution of the Ras/ERK 

pathway in embryonic development of heart valves, 
bioinformatics-based evaluation of the p.Tyr528Cys 
mutation, and evidence from functional studies in 
mice models deficient for Rasa1, we suggest that 
the identified p.Tyr528Cys homozygous mutation in 
RASA1 is likely to be responsible for the TA phenotype 
observed in the pedigree analysed here. However, this 
hypothesis needs to be supported by generating an 
animal model carrying the p.Tyr528Cys point mutation. 
We also recommned that parents with CM/AVM 
should be screened for RASA1 heterozygous mutations 
and if both parents are carriers, fetal echocardiography 
should be undertaken as a precaution in the event of 
pregnancy.
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Abstract
Objective: The roll of epigenetic in regulating of the gene expression profile the embryo has been documented. 
MicroRNAs (miRNAs) are one of these epigenetic mechanisms. Twins are valuable models in determining the relative 
contributions of genetics and the environment. In this study, we compared differences in the expression levels of 
44 miRNAs in hematopoietic stem cells (HSCs) of identical twins to that of fraternal twins as a controls.     
Materials and Methods: In this experimental study, CD133+ HSCs were isolated from cord blood of identical and 
fraternal twins via magnetic-activated cell sorting (MACS). Variation in of gene expression levels of 44 miRNAs were 
evaluated using quantitative reverse transcription-polymerase chain reaction (qRT-PCR).        
Results: Significant differences in expression were observed in both fraternal and identical twins to varying degrees, 
but variations alteration in expression of the miRNAs were higher in fraternal twins.   
Conclusion: Identical twins had a positive correlation in miRNA expression, while the correlation was not statistically 
significant in fraternal twins. Altogether, more differences in miRNA expression level in fraternal twins can be attributed 
to the both genetics and the intrauterine environment. The contribution of the intrauterine environment and genetics to 
miRNAs expression in HSCs was estimated 8 and 92%, respectively. By comparing of miRNA expression in identical 
and fraternal twins and identification of their target genes and biological pathways, it could be possible to estimate the 
effects of genetics and the environment on a number of biological pathways.          
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Introduction

MicroRNAs (miRNAs) are small (∼22-nucleotide) 
noncoding RNA molecules that can negatively regulate 
gene expression at the post-transcriptional level (1, 2). 
miRNAs bind to their target mRNAs and cause instability 
and target mRNA fragmentation when this pairing is 
complete. In the case of a partial binding which often 
occurs in the 3´UTR, the mRNA is prevented from 
being translated into a protein. It is expected that each 
miRNA can regulate many mRNAs and each mRNA 
may be regulated by several miRNAs (3, 4). miRNA 
expression profiling is important because of key role of 
miRNA in regulating gene expression networks and their 
effects on many biological processes, as well as their role 
as disease markers (5, 6).

Epigenetics refers to temporary modifications to 
DNA that can turn genes "on" or "off " (7). These 
modifications do not change the DNA sequence. Recent 
findings  have shown the role of epigenetic mechanisms 
such as DNA methylation and histone modifications in 

miRNAs expression (8). A lot of research has shown that  
CpG islands upstream of miRNAs act as a promoters 
and are regulated through DNA methylation (9, 10). 
Enzymes which are involved in miRNA processing 
pathways also participate in epigenetic mechanisms 
(11). Some miRNAs participate in DNA methylation, 
for instance miR-165 and miR-166  are essential for 
PHABULOSA (PHB) methylation in Arabidopsis, also 
the key enzyme DNMT1, 3a and 3b are all potential 
targets for miRNAs (12, 13). In general, miRNAs can 
be considered an important factor in epigenetics and 
the control of gene expression (14).

Twins studies can provide information on the relative 
contribution of genetics and the environment on phenotypic 
characteristic and discover the etiology of the diseases. 
Recently, a study on twins has been done to assess the 
regulatory effects of epigenetic factors on gene expression 
(15). Differences in the epigenome can determine disease 
susceptibility in a pair of twins (16). Twins are considered 
a valuable model in determining the relative contribution 
of genetic and environmental factors regarding the 
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relationship between epigenetics and miRNAs (17). 
Collection of umbilical cord blood (UCB) cells is 
considered a noninvasive method, and primitive CD133+ 
hematopoietic stem cells (HSCs) isolated from UCB 
would be appropriate for investigating of difference in 
the miRNA expression profiles of newborn twins. In this 
study, we compared and analyzed miRNA expression 
profiles of identical and fraternal twins.

Materials and Methods
Subjects and samples

This experimental study was approved by Ethical 
Committee of Mashad University of Medical Sciences (IR.
MUMS.REC.1392.12). The study was performed using 
cord blood from two pairs of identical (monozygotic) 
and two pairs of fraternal (dizygotic) twins. Cord bloods 
were collected from 36-37 week full term twins with the 
informed consent of the mothers. Mothers were aged in 
the range of 30-35 years and the gender of both fraternal 
and identical twins was male. 

Zygosity
Same sex twins that shared a placenta with one 

or two amniotic sacs (monochorionic-diamniotic or 
monochorionic-monoamniotic) were considered as 
identical twins and same sex that come with two placentas 
and two amniotic sacs (dichorionic-diamniotic) were 
considered as fraternal twins.

CD133+ cells isolation

UCB samples were obtained immediately after birth, 
diluted with hydroxyethyl starch in the ratio of 1:4 to 
deplete red blood cells. The diluted cell suspensions 
were gently layered over Ficoll-Paque (Pharmacia-
Amersham, Piscataway, USA) and centrifuged for 
20-30 minutes at 400×g at room temperature to the 
separate mononuclear cell fraction. 

The samples were enriched for CD133+ cells with 
magnetic activated cell sorting (MACS) using CD133+ 
cell isolation Kit (MiltenyiBiotec, Gladbach, Germany) 
according to the manufacturer’s instructions. Purity 
of isolated CD133+ cells and the homogeneity of the 
population were assessed with flow cytometry.

Flow cytometry analysis
Purity of isolated CD133+ cells from UCB using MACS 

and the homogeneity of the population were assessed 
by flow cytometry. CD133+ cells were stained with 
PE-conjugated anti-human CD133 antibody (Miltenyi 
Biotech, Germany) and mouse IgG1 antibody (IQ-
Products, Netherlands) was used as an isotype control 
according to the manufacturer’s instructions.

RNA extraction and quantitative reverse transcription-
polymerase chain reaction for miRNA

About 800.000 CD133+ cells were isolated from each bag 

of cord blood and 700.000 of them used for RNA extraction 
with TRIzol (Invitrogen, Carlsbad, CA, USA) according to the 
manufacturer’s instructions. cDNA synthesis was performed 
using miRNA EasyScript cDNA Synthesis Kit (G269 ABM, 
USA following the manufacturer’s protocol. Synthesized 
cDNA was mixed with primers and EvaGreen miRNA qPCR 
MasterMix-ROX (MasterMix-mR ABM, USA) following 
the manufacturer’s instructions. Quantitative reverse 
transcription-polymerase chain reaction (qRT-PCR) analysis 
was performed on ABI 7000 system (Applied Biosystems, 
USA). Two reliable endogenous controls (U6–2, SNORD 48) 
were used to normalize and calculate the relative expression 
levels. Calculations were based on the comparative ΔΔCT 
method. All of 46 primer pairs were custom-ordered from 
ABM Inc (Table S1) (See Supplementary Online Information 
at www.celljournal.org). All samples were run in triplicates.

Bioinformatic analysis
DIANA-miRPath (http://diana.imis.athena-innovation.gr/

DianaTools/index.php?r=mirpath) was used to show which 
biological pathways are related to the miRNAs. DIANA-
mirExTra software (http://diana.cslab.ece.ntua.gr/hexamers/) 
was used to determine microRNA target genes.

Estimating heritability 
Studies on identical and fraternal twins provide an 

opportunity to estimate the contribution of the environment 
and genetics with the use of the heritability formula:
H2=2 (rmz–rdz)
H2: heritability/r: regression/mz: monozygotic/dz: 
dizygotic

Statistical analysis
Statistical analyses were performed using 

Microsoft Excel. Data means were compared 
using Student’s t test and one-way ANOVA. 
Statistical significance was defined as P<0.05.

Results
Purity of CD133+ cells isolated from cord blood

Cord blood samples were obtained from identical and 
fraternal twins. The purity of separated cells from the cord 
blood samples was measured for all of the twins. One flow 
cytometry histogram for fraternal twins (Fig.1A) and one for 
identical twins (Fig.1B) is presented here. Purity of CD133+ 

cells isolated from cord blood was about 90% in all samples.

miRNA expression profiling of CD133+ cells
Based to previous studies(18-24), 44 miRNAs that play key 

roles in self renewal/differentiation and have high expression 
in CD133+ HSCs from various origins (peripheral blood, 
bone marrow, and umbilical cord blood) were selected and 
evaluated (Table S1) (See Supplementary Online Information 
at www.celljournal.org). The lists of MicroRNAs with the 
highest expression in fraternal twins and identical twins are 
reported in Table 1. MiR-10b was not expressed in any of the 
samples.

http://diana.imis.athena-innovation.gr/DianaTools/index.php?r=http://diana.cslab.ece.ntua.gr/hexamers
http://diana.imis.athena-innovation.gr/DianaTools/index.php?r=http://diana.cslab.ece.ntua.gr/hexamers
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Fig.1: Flow cytometry result of CD133+ cells separated from cord blood of twins. A. Flow cytometry histogram for fraternal twins and B. Flow cytometry 
histogram for identical twins.

Table 1: MicroRNAs with the highest expression levels in fraternal twins and in identical twins (ΔCT)

Fraternal twins

Pair 1 Pair 2
miRNA Level of expression miRNA Level of expression

miR-107 10.07 miR-129-3P 17.04

miR-10a 10.07 miR-34c-3p 17.01

miR-20a 9.77 miR-181d 16.08

miR-411 9.57 miR-29a 14.88

miR-125d 9.07 miR-34b 14.11

miR-181d 9.07 miR-125d 14.06

miR-19b 9.07 miR-20a 14.05

miR-29a 9.07 miR-181b 14.02

miR-520h 8.22 miR-10a 13.03

miR-128 8.22 miR-181c 13.03

miR-144 8.12 miR-125a-3p 13.02

miR-34b 8.12 miR-34a 13.00

miR-142-5p 8.10

Identical twins

miR-181d 10.82 miR-181c 12.20

miR-20a 10.82 miR-144 11.39

miR-20b 10.82 miR-125a-3p 11.36

miR-29a 10.82 miR-181d 10.40

miR-107 8.82 miR-20a 10.34

miR-10a 8.82 miR-10a 10.29

miR-125d 8.82 miR-130a 10.27

miR-9 7.32 miR-29a 10.05

miR-106b 6.12 miR-19a 9.80

miR-19a 5.82 miR-181b 9.45

A B
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There was not  significant correlation between 
miRNA expression of pair 1 and pair 2 in fraternal 
twins (r=0.15, P=0.3433). There was a significant 
positive correlation between miRNA expression of 
pair 1 and pair 2 in identical twins (r=0.61, P<0.0001) 
(Fig.2).

Fig.2: The Correlation between miRNAs expression. A. Fraternal twins and 
B. Identical twins.

The discordance of miRNA expression levels in 
identical and fraternal twins was calculated the using 
comparative Ct (ΔΔCt) method of calculation. The 
mismatch variances in the levels of miRNA expression 
is shown in Table 2. Altogether 44 miRNA were 
categorized into three groups: high (more than 10-
fold), low (less than 2-fold) and moderate (between 
2-10 fold) difference in expression. In fraternal twins, 
20 miRNAs had high, 10 miRNAs had low and 13 
miRNAs had moderate difference in expression. In 
identical twins, 13 miRNAs had high, 18 miRNAs 
had low and 12 miRNA had moderate difference in 
expression. MiR-10b was not expressed in any of 
the samples. The levels of differential expression 
in studied of the miRNAs in identical and fraternal 
twins are shown in Figure 3. These miRNAs can be 
divided in to four groups (A, B, C, and D) according 
to how their expression is affected by genetics and the 
environment (Table S2) (See Supplementary Online 
Information at www.celljournal.org) target genes 
and biological pathways related to these miRNAs are 

shown in Table 3 (heat maps are presented in Figure 
S1) (See Supplementary Online Information at www.
celljournal.org).

Fig.3: Bar graphs showing the difference in expression in studied of of 44 
miRNAs. A. The levels of differential expression in fraternal twins and B. 
The levels of differential expression in identical twins.

Calculation of heritability
The role of genetic contribution in microRNAs 

expression levels was estimated at 92% [H2=2 (0.61–
0.15)=0. 92]. The role of environment on the differences 
in microRNA expression levels was estimated at 8% (1-
0.92=0.08).

A

B

A

B

http://www.celljournal.org
http://www.celljournal.org
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Table 2: The discordance of miRNA expression in identical and fraternal twins. High difference and low difference between miRNA expression

High difference miRNAs expression

Fraternal twins Identical twins

Expression discordance (fold change) Expression discordance (fold change)

miR-129-3P 8248.98 miR-181b 837.53

miR-106b 7858.29 miR-181c 689.78

miR-34c-3p 2105.57 miR-144 352.13

miR-34a 261.37 miR-130a 158.68

miR-125a-3p 131.59 miR-125a-3p 93.05

miR-181d 128.89 miR-519d 47.17

miR-17 123.63 miR-520h 47.17

miR-519d 66.25 miR-181a 24.08

miR-34b 63.55 miR-19b 23.75

miR-181b 61.81 miR-17 22.16

miR-181a 56.10 miR-19a 15.77

miR-29a 56.10 miR-92a 10.92

miR-125b 31.77 miR-24 10.63

miR-181c 31.12

miR-19a 30.69

miR-144 28.24

miR-20a 19.42

miR-520h 17.38

miR-130a 15.45

miR-34c-5p 13.64

Low difference miRNAs expression

miR-223 1.97 miR-29a 1.70

miR-155 1.94 miR-221 1.47

miR-107 1.93 miR-20a 1.39

miR-142-5p 1.91 miR-155 1.38

miR-411 1.35 miR-22 1.38

miR-221 1.00 miR-411 1.37

miR-92a 1.00 miR-181d 1.33

miR-10b 1.00 miR-16 1.31

miR-20b 1.00 miR-34c-3p 1.31

miR-93 1.00 miR-106b 1.21

miR-34a 1.20

miR-34b 1.20

miR-34c-5p 1.16

miR-9 1.01

miR-129-3p 1.00

miR-125b 1.00

miR-10b 1.00

miR-125a-5p 1.00

miR-128 1.00

miRNA Profiles in Twins Stem Cells
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 Table 3: Target genes and biological pathways related to the miRNAs (group A: more affected by genetic, group B: more effect of environment, group C:
the environment and genetics have the same kind of effect, and group D: the environment and genetics have opposite effect)

Group miRNA Target genes KEGG pathway

A miR-129-3P Cell cycle

miR-106b ZNF419, RTN4, B2M, KLHL28 Chronic myeloid leukemia

miR-34c-3p Pathways in cancer

miR-34a ARHGAP1, KDRF(hsa), CDC46(hsa), ALR(hsa) P53 signaling pathway

miR-34b MET, CREB, CDK4 HIF-1 signaling pathway

miR-29a E2F7, ACTB PI3K-Akt signaling pathway

miR-125b CALU, EFNB2, RPA1

miR-34c-5p MET, MYB, CDK4

miR-20a RTN4, B2M, BICD2, GPR63

B miR-181b TCL1, CDX2, BCL2 TGF-beta signaling pathway

miR-181c POLR2B, TWF1,CCNG1

miR-144 FGG, FGB

miR-520h SMAD6, ABCG2

miR-130a POLR2B, RTN4, TWF1

C miR-181d BCL2 Pathways in cancer

miR-17 RBM14, PTK4, SOX4, B2M, KLHL28, POU2F1 P53 signaling pathway

miR-519d PPARA, CDKN1A PI3K-Akt signaling pathway

miR-181a FAM47B, POLR2B,TWF1

miR-19a POLR2B, 2DHHC18, ESR1,TWF1

miR-125a-3p

D miR-24 SLITRK1, NOTUN, COPS7A, ABCB10, CCL2 Cell cycle

miR-19b POLR2B, ZDHHC18, ESR1 Chronic myeloid leukemia

miR-92a ANP32E, SAP18, ALKBH3, SOX4 P53 signaling pathway

RNA transport

TGF-beta signaling pathway

Discussion
Studies on twins have provided the possibility of 

determining the contribution of genes and environment to 
phenotypic characteristics and etiology of diseases (15). 
Recently, studies on twins were performed to introduce 
epigenetic as a factor effecting gene expression (25). 
Differences in the epigenome can show the susceptibility 
to disease, variability in age of onset and severity of 
diseases in twins (16, 26).

Differences in the expression of some genes particularly 
in twins represent a group of genes whose expression 
levels are more sensitive to the effects of the environment. 
The lowest difference in the intrauterine environment can 
affect gene expression profile (27). The fetal programming 
is independent of genomic DNA sequences and may be 
associated with epigenetic mechanisms (28).

Identical twins are a good model for studying epigenetic 

differences. To date, conflicting evidence of epigenetic 
differences in identical twins from childhood to 
adulthood have been reported (29). In general, phenotypic 
discordance between identical twins is attributed to non-
shared environments that identical twins in encounter 
during their lives (15, 29). The epigenome is dynamic 
and affected by environmental changes. Many studies 
have been shown that epigenetics is a key factor in the 
discordance between identical twins (30-32). 

Recent studies have proposed some reasons for 
differences between identical twins. One of them is 
miRNAs which are able to control epigenetic mechanisms 
(33). On the other hand, epigenetic mechanisms are also 
capable of regulating miRNA expression (32).

In this study, we compared miRNA expression levels in 
HSCs derived from cord blood of identical and fraternal 
twins at birth. The evaluation of miRNAs in both identical 
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and fraternal twins showed different expression levels 
of miRNAs, to a greater extent in (fraternal twins than 
identical twins). So far, no similar study has investigated 
the differences in miRNA expression in cord blood 
HSCs. However, there have only been a few studies on 
the differences in methylation and genomic imprinting in 
identical twins (34).  

Ollikainen et al. (35) evaluated the level of methylation 
in different tissues in identical and fraternal twins. They 
found differences in the methylation of specific loci in 
newborn twins. They attributed the epigenetic differences 
in identical twins to environmental factors and random 
events which occur in the uterus. But in fraternal twins, 
genetic diversity plays a major role. The difference in 
methylation in identical twins was different even between 
same tissues in twin pairs.  

Gordon et al. (27) compared gene expression in 
mononuclear and endothelial cells of UCB in identical 
twins. They observed significant differences in gene 
expression and concluded that these differences may be 
attributed to the  intrauterine environment. Gordon et al. 
(36) also studied the methylation profile of CpG regions 
as a phenotype in different tissues (mononuclear and 
endothelial cells of UCB and endothelial cells of placenta) 
in twins. Identical twins had many differences at birth but 
differences were greater between fraternal twins.

In this study, the difference in the expression of 44 
miRNAs which have high expression in cord blood stem 
cells were evaluated in two pairs of identical and fraternal 
twins. As previously mentioned these miRNAs divided 
in to four groups according to how their expression 
is affected by genetics and the environment. Group A 
contains miRNAs which showed high differences in 
expression in fraternal twins, but little difference in 
identical twins. This group is impacted to higher degree 
by genetics than the environment at the level of mRNA 
expression. Group B contains miRNAs which had high 
differences in both types of twins. The expression of 
miRNAs is likely more influenced by the environment. 
Group C is similar to group B, but the differences between 
fraternal twins were higher than between identical twins. 
Group D contains miRNAs which had high differences in 
expression in identical twins, but not in fraternal twins. In 
order to demonstrate the importance of these four groups, 
target genes and biological pathways were predicted. 
More than 80% of miRNAs in each group are involved in 
the mentioned biological pathways.

miRNAs in group A are involved in some pathways like 
hypoxia-inducible factor 1 (HIF-1) signaling. There for 
miRNAs related to the HIF-1 pathway are more affected 
by genetics, and the intrauterine environment has not 
been a major contributor in determining the expression 
levels of these miRNAs. Group B which is involved 
in the transforming growth factor-beta (TGF-beta) 
signaling pathway also showed a significant effect from 
the intrauterine environment in the regulation of their 
expression.

In groups C and D, both factors, environment and 
genetic, are involved in determining the level and 
discordant expression of miRNAs. Group C consists of 
miRNAs which had high differences in both identical 
and fraternal twins, but the differences in fraternal twins 
were higher than in identical twins. In fact, the combined 
effects of genetic variation and the environment plays an 
important role in increasing the variance in this group. 
miRNAs placed in group D showed high expression 
differences in identical twins, but had low discordance in 
fraternal twins despite them having genetic heterogeneity, 
meaning the effect of environment and the expression of 
these miRNAs is a little.

In summary, our study showed that observed 
discordance in miRNAs expression in identical twins 
can be attributed to the intrauterine environment (its 
contribution was estimated at 8%). In other words, 
miRNA expression levels can be affected by the smallest 
difference in intrauterine environment such as different 
position of the twins in the uterus. Expression discordance 
of the studied miRNAs was higher in fraternal twins 
than identical twins. In fraternal twins in addition to the 
environment, heterogeneous genetics has an important 
role (its contribution was estimated at 92%).

Conclusion
The differences in the expression of 44 miRNAs which 

have high expression levels in cord blood stem cells were 
evaluated in two pairs of identical and fraternal twins. 
The identical twins had a positive correlation in miRNA 
expression, while the correlation was not statistically 
significant in fraternal twins. Altogether, more discordance 
in miRNA expression of fraternal twins can be attributed 
to both genetics and the intrauterine environment. The 
Contribution of the intrauterine environment and genetics 
on miRNA expression in HSCs was estimated at 8 and 
92%, respectively. By comparing miRNAs expression 
levels in identical and fraternal twins and identifying 
their target genes and biological pathways, estimating the 
contribution of genetics and the environment to a number 
of biological pathways is possible.
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Abstract
Objective: APOB-related familial hypercholesterolemia (FH) is the most common hereditary hyperchlosterolemia with 
an autosomal dominant pattern. A number of APOB variants are the most important risk factors for hyperchlosterolemia.  
APOB is a large glycoprotein that plays an important role in the metabolism of lipoproteins in the human body. Small 
changes in the structure and function of APOB can cause major problems in lipid metabolism. Two forms of APOB are 
produced by an editing process of gene replication. APOB48 is required for the production of chylomicrons in the small 
intestine and APOB100 is essential in liver for the production of very low density lipoprotein (VLDL) and is also a ligand 
for LDL receptor (LDLR) that mediates LDL endocytosis.    
Materials and Methods: In this case-control study, rs693 (in exon 26 of APOB) and rs515135 (5 'end of APOB) single 
nucleotide polymorphisms (SNPs) were analyzed in 120 cases of familial hypercholesterolemia and 120 controls. Both 
SNPs were genotyped by polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) where 
PCR products were digested with specific restriction enzymes recognising each single nucleotide polymorphism.           
Results: This study was analyzed by odds-ratio (OR) and its 95% confidence interval (CI) to examine the association of 
the two SNPs with familial hypercholostermia susceptibility. Statistical analysis showed that both SNPs were in Hardy-
Weinberg equilibrium.                 
Conclusion: We found no significant relationship between rs515135 and familiar hypercholesterolemia. However, 
there was a significant association between the C allele of rs693 and high familial cholesterol levels. Furthermore, it 
seems the dominant model of T allele occurrence has a protective role in emergence of disease.          
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Introduction
Familial hypercholesterolemia (FH) is a monogenic 

inherited disorder. The FH heterozygote type has a two- 
to three-fold increase in low-density lipoprotein (LDL) 
cholesterol in serum and has a prevalence of 0.2% (at 
least 1 in 500) in most countries (1-3). The frequency 
of homozygous FH is 1 in a million and has a six- to 
eight-fold increase in plasma LDL-cholesterol (LDL-c) 
with signs appearing in childhood (1, 4). To reduce the 
risk of atherosclerosis and premature cardiovascular 
complications, clinical management focuses on early 
diagnosis of FH (5). The available evidence demonstrates 
that FH results from a combination of genetic variants and 
environmental (diet risk factors and tobacco smoking) 
factors in different populations (3, 6, 7). Genetic 
predisposition is assumed to be the cumulative result 
of mutations and/or polymorphisms of genes that may 
even have a small-effect, leading to a slight increase in 
LDL-C (8). Detection of heterozygote and homozygote 
FH in affected family members is an important step for 
success rate in accurate diagnosis and subsequent family 
screening (2). 

Given that FH is one of the sole risk factors of coronary 
heart disease (CHD), identifying FH causing variants and 

classifying patients into possible FH is important (9). The 
majority of cases with FH could be explained by genetic 
mutations in LDLR, APOB, PCSK9 and LDLRAP1 (10). 
APOB is the well-known gene that encodes the protein 
involved in LDL. The defect in apo B-100 receptor binding 
domain (Arg3500→Gln) is the most prevalent cause of 
ligand-defective LDL and cause of FH. Mutations or 
polymorphisms in APOB have been described as causal 
risk factors of FH (2, 3, 8, 11). 

The APOB gene is approximately 43kb in size, and 
consists of 29 exon and is located on the short arm 
of chromosome 2 (2 p24.1) (12). Susceptible single 
nucleotide polymorphisms (SNPs), the most common type 
of genetic variation, are known to be markers of different 
chromosomal loci in heritable disease (13). Genome-
wide association study (GWAS) focuses on cognizance of 
SNPs as biomarkers of a disease which  have been used 
in numerous biomedical studies (14, 15). As mentioned 
above, genotyping SNPs helps in the early detection of 
some patients with genetic susceptibility (6, 13). 

The results of the SNP studies must be expounded 
circumspectly, as these results may be applied exclusively 
or multiple SNPs can work cooperatively and create a 
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functional difference. Interplay among multiple SNPs 
may commonly affect the risk of a disease. Evaluation 
of SNPs may be problematic with respect to SNP-
SNP interactions, because taking the individual SNPs 
without considering SNP-SNP interactions hinders 
the discovery of weak achievements (16-19). The 
frequency of the clinical phenotype of FH has been 
estimated at almost 0.002 in the general population, 
but in some isolated populations, like French 
Canadians, Finns, Afrikaners, Druze and Lebanese, 
occurrence of FH can be in a higher-than-normal 
frequency because of founder effects and de novo 
mutations in a population (20, 21). Data on allele and 
genotype frequencies for APOB have been reported 
For European (22, 23) and Asian (24-26) populations. 
For example, allele frequencies of APOB and the 
relationship of its genotypes with plasma lipid and 
lipoprotein levels in the Mongolian Buryat population 
resembled the Indians but their frequency distribution 
differed significantly from the Chinese, Malaysians, 
and Caucasians (25). 

At present, the molecular basis of FH has been shown 
in detail in many populations, but there is still very 
limited molecular data relating to FH in Iran (20). To 
investigate associations between the ApoB genotype 
and levels of LDL-C, two SNPs of APOB, referred 
to in more than one study (3, 18, 19), were examined 
to determine the role of these SNPs in developing 
FH in Iran. There has been no independent study on 
the genetic association of rs693 and rs515135 with 
FH in the Iranian population. Here, we examined the 
association of these two selected SNPs with increased 
serum cholesterol and FH. 

Materials and Methods
One hundred and twenty patients with FH, recruited 

from Karaj hospital, and 120 healthy persons, as the 
control group, were included in this study. The clinical 
characteristics of patients including age, gender, 
familial heart and brain disease, and familial high 
cholesterol were collected. Mean age of patients was 
48.65 ± 14.02 years. All the participants were informed 
about the study and signed a written consent form. 
This study was approved by the Ethical Committee in 
Karaj Hospital.  

Blood sample and DNA isolation

Blood samples were collected in tubes containing EDTA 
(Golden Vac., China). Genomic DNA was extracted with 
a DNA extraction kit (MBST, Iran) according to the 
manufacturer’s instructions. The extracted DNA samples 
were stored in a freezer at -20˚C until further use.

Genotyping of APOB rs693, rs515135 polymorphism
The case and control samples were genotyped for 

rs515135 and rs693 SNP using polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP). 

Oligonucleotide primers for rs693 C>T were: 
F: 5ˊAGA GGA AAC CAA GGC CAC AGT TGC3ˊ 
R: 5ˊTAC ATT CGG TCT CGT GTA TCT TCT3ˊ

and the oligonucleotide primers for rs515135 A>G were:

F: 5ˊCCT AGT TAA TCC TCA GAA TGA CAC TG3ˊ 
R: 5ˊ ATT GGG GTG GCA ATA GGC GCA AAT TG3ˊ.
PCR amplification was carried out in a total volume of 
25 μl consisting of 12.5 µl Master Mix (Tris-HCl, pH=8.5, 
1.5 mM MgCl2, 0.2% Tween-20, 0.4 mM dNTP, 2 U/µl 
Amplicon Taq DNA polymerase, stabilizer and inert red 
(Amplicon Co., Denmark), 0.5 µM of each primer and 
100 ng DNA template and ddH2O. PCR cycles were an 
initial denaturation step at 95˚C for 4 minutes followed 
by 35 cycles of denaturation at 95˚C for 30 seconds, 
annealing temperature of 58˚C for 30 seconds, extension 
at 72˚C for 1 minute, and a final extension step at 72˚C 
for 10 minutes.

PCR products were digested with 0.5 μL (10 U) of 
BglII (Fermentase, Canada) for rs515135 A>G and XbaI 
(Fermentase, Canada) for rs693C>T at 37˚C for 16 hours. 
The digested fragments were separated on a 2% agarose 
gel (containing 0.5 μg/ml DNA Staining) and observed 
under UV light.

The BglII recognition site is represented by the presence 
of A allele which produces two fragments of108bp and 
261 bp, while the presence of G allele is represented 
by the remaining uncut fragment of 369 bp. The XbaI 
recognition site is represented by the presence of T allele 
which produces two fragments of 26 bp and 110 bp, while 
the presence of C allele is represented by the remaining 
uncut fragment of 136 bp. The fragments were separated 
by 2% agarose gel electrophoresis and then visualized 
under UV light.

Sequencing analysis
The PCR products were examined for specificity using 

2% agarose gel electrophoresis. Double-stranded DNA 
automated sequencing was performed by using an ABI 
capillary sequencing machine (Applied Biosystems, 
gene Fanavaran Company, Iran). All fragments were 
sequenced with the forward primers. Sequence variants 
were analyzed using FinchTV (http://www.geospiza. 
com/finchtv/) (Fig.1).

Statistical analysis

Statistical analysis was conducted using Graphpad 
(https://www.graphpad.com/) and Medcalc to perform the 
chi-square and 95% confidence interval (CI) tests based 
on APOB rs693 and rs515135 frequencies in FH cases in 
Iran. A P<0.01 was considered as statistically significant.

Results
The clinical characteristics of the case and control 

groups were first compared (Table 1).

http://www.geospiza
https://www.graphpad.com/
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Table 1: Demographic characteristics of the FH case group and the healthy control group

P valueTotal

n=240

Control

n=120

Case

n=120

Variable

-41.35 ± 11.1548.65 ± 14.02Age (Y, mean ± SD)

-NA40.46 ± 9.61Age of disease onset (Y, mean ± SD)

Age (Y), n (%)

0.0001132 (55)79 (65.83)53 (44.16)   <45

76 (31.67)35 (29.17)41 (34.17)   45-60

32 (13.33)6 (5)26 (21.67)   >60

Gender

0.001595 (39.58)35 (29.17)60 (50)   Female

145 (60.42)85 (70.83)60 (50)   Male

Cholesterol (mg/dl)

147 (61.25)120 (100)27 (22.5)  <200

>0.000166 (27.5)0 (0)66 (55)   200-220

27 (11.25)0 (0)27 (22.5)   >220

Familiar heart  and brain disease

>0.000174 (30.83)18 (15)56 (46.67)  Yes

166 (69.17)102 (85)64 (53.33)   No

Familiar high cholesterol

--12 (100) Yes

-NA  No

NA; Not available and FH; Familial hypercholesterolemia.

Fig.1: GA genotype of the APOB rs515135 single nucleotide polymorphisms (SNP).
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To confirm the results of RFLP, 10  samples were sent 
for sequencing from both SNPs. According to Table 2, 
in 120 patients group, 84 patients had CC genotype 
and 36 patients had TT or CT genotypes. In 120 
control groups, 103 patients with CC genotype and 
17 with TT and CT genotypes were observed. There 
was a significant correlation between the CC genotype 
in the patient group and high familial cholesterol  
(P=0.0037). Table 3 shows the frequency of GG, AA and 
GA genotypes in patients with high familial cholesterol 
and the control group. 

Statistical analysis of rs515135 and rs693 in APOB in 
the Iranian population

Results of logistic regression analysis showed no 
significant correlation between genotype and familial high 
cholesterol disease (Table 4). Regarding the results of logistic 
regression modeling, there was no significant relationship 
between genotype and high familial cholesterol patients 
(P=0.67). Regarding allelic frequencies of rs693 in both 
groups, the C allele is the prevalent allele in both groups. 
There was a significant correlation between the C allele 
and familial high cholesterol.

Table 2: Frequency of the genotype of rs515135 and rs693 in the control group and case group

Genotype Case

n (%)

Control

n (%)

Total P value OR 95% CI df

rs515135

    AA 3 (2.5) 2 (1.67) 5 - Ref (1) - 2

    GG 82 (68.33) 85 (70.83) 167 0.6336 1.5549 0.2533-9.5464

    GA 35 (29.17) 33 (27.5) 73 0.7136 1.4141 0.2221-9.0068

   Total 120 120 240 - - -

rs693 2

     TT 4 (3.33) 1 (0.83) 5 - Ref (1) -

    CC 84 (70) 103 (85.84) 100 0.1585 4.9048 0.5377-44.74

    CT 32 (26.67) 16 (13.33) 125 0.5499 2.0000 0.2062-19.3983

    Total 120 120 240 - -

OR; Odd ratio, CI; Confidence interval, and df; Degrees of freedom.

Table 3: Frequency of genotype GG+GA and AA in rs515135

df95% CIP valueTotalControlsPatientsGenotype

10.2482-9.22010.6535135118 (98.33)117 (97.5)GG+GA

52 (1.67)3 (2.5)AA

240120120Total

CI; Confidence interval and df; Degrees of freedom.

Table 4: Frequency of genotype TT+CT and CC rs693

df95% CIP valueTotalControlsPatientsGenotype

15317 (141.17)36 (30)CT+TT

1.362-4.9490.0037187103 (85.83)84 (70)CC

240120120Total

CI; Confidence interval and df; Degrees of freedom.



          Cell J, Vol 21, No 1, Apr-Jun (Spring) 2019 90

Study of Two Polymorphism in APOB Gene 

Table 5: Frequency of genotype GA+AA and AA rs515135

Genotype Case Control Total P value OR 95% CI df

GA+AA 38 (31.67) 35 (29.17) 73 Ref (1) 1

GG 82 (68.33) 85 (70.83) 167 0.6739 1.125 0.6491-1.9514

Total 120 120 240

OR; Odd ratio, CI; Confidence interval, and df; Degrees of freedom.

Comparison of variables such as age, sex, cholesterol 
and history of cardiovascular disease in both control 
and patient groups showed significant differences. With 
regard to the incidence and history of cardiovascular 
disease, the results indicate that in patients with high 
cholesterol, incidence of cardiovascular disease is higher 
than healthy people, thus indicating a potential genetic 
link between hypercholstrolemic family and heart disease. 
The significance of HWE testing in populationbased 
genetic association studies is immense especially when 
analyzing the control group. This is because an important 
assumption underlying these studies is that the control 
group is a representative sample of the population under 
investigation. Another assumption in such studies is that 
individuals of both case and control groups belong to the 
same single large random-mating population. 

In this study Hardy-Weinberg equilibrium for the alleles 
studied in rs515135 and rs693 polymorphisms in the 
APOB gene and the unbalance of G and T was established 
(P>0.05).

Discussion
Of the theoretical estimated prevalence of 1/500 for 

heterozygous FH, <1% are diagnosed in most countries. 
Recently, direct screening in a Northern European 
general population diagnosed approximately 1/200 with 
heterozygous FH. All reported studies document the 
failure to achieve the recommended LDL cholesterol 
targets in a large proportion of individuals with FH, which 
may have up to 13-fold increased risk of CHD. Based on 
prevalences between 1/500 and 1/200, between 14 and 34 
million individuals worldwide have FH (22).

Early detection and treatment probably would reduce 
premature morbidity and mortality of this disease. Cascade 
screening of family members of known index cases is the 
most cost-effective approach for identification of new FH 
cases (23). Once diagnosed, individuals with FH can be 
treated with lifestyle measures, lipid-lowering therapies, 
and possibly novel therapies including PCSK9 monoclonal 
antibodies, anti-sense oligonucleotides targeting APOB and 
microsomal triglyceride transfer protein inhibitors to change 
the clinical course of the disease (22).

This is the first study investigating the association of 
APOB polymorphisms with FH.  This study provides 

an analysis of two APOB polymorphisms and their 
correlation with variation in serum lipid levels in the 
Iranian population. Significant findings were observed 
for the genetic association between APOB (rs515135) and 
(rs693) polymorphisms with variation in TC genotype 
levels among the Iranian samples analyzed. Heterozygous 
samples at the APOB rs693 locus were significantly 
associated with lower TC serum levels .This may suggest 
an interaction between the two alleles to influence serum 
TC levels and thus genetically predispose individuals to 
dyslipidemia.

Univariate analysis of the APOB rs693 polymorphism 
revealed a significant association between carriers of the 
allele with lower mean serum TC. These abnormalities 
in lipid profile associated with the APOB rs693 
polymorphism may be the result of a change in the degree 
of hydrophobicity and efficacy of APOB processing 
(24-26). Moreover, there was no statistically significant 
difference in plasma levels of the total cholesterol with 
respect to the APOB rs515135 SNP.

Among our studied population, the rare T allele was 
observed may be have a “protective” role exhibiting 
decrease in the risk of high TC levels in individuals 
homozygous for the rare T allele. Some of the subjects 
in the present study with positive family history of 
hypercholesterolemia (n=120) also showed a significant 
association with the rare T allele where there was a higher 
frequency of heterozygotes (26.67%). Logistic regression 
analysis also showed a significantly lower TC levels in 
individuals with the homozygous TT genotype.

Conclusion
In this study no significant relationship was found 

between rs515135 and familiar hypercholesterolemia. 
However, there was a significant association between the 
C allele of rs693 and high familial cholesterol levels.
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Abstract
Objective: Mesenchymal stem cells (MSCs), due to their immunomodulatory functions, are an ideal candidate 
for the treatment of immune-related diseases. Recurrent spontaneous abortion (RSA) is one of the most common 
complications of pregnancy which in many cases is related to the immune system disorders. Our previous study has 
shown that the abortion rate was decreased following the syngeneic MSCs therapy in abortion-prone mice. In this 
study, the therapeutic effect of syngeneic, allogeneic, and xenogeneic MSCs was compared in a mouse model of RSA.    
Materials and Methods: In this experimental study, MSCs were isolated from adipose tissue (ASCs) of CBA/J and 
BALB/c mice and human. After characterization, ASCs were injected (IP) at day 4 of gestation to female CBA/J mice 
following their mating with DBA/2 male mice. In the control group, phosphate-buffered saline (PBS) was injected and 
CBA/J×BALB/c mating was also used as the normal pregnancy control. On day 14.5 of pregnancy, embryo resorption 
rate was determined.           
Results: The abortion rate significantly decreased following the ASCs therapy from syngeneic (6.31%), allogeneic 
(6.54%), and xenogeneic group (12.36%) compared to ASCs non-treated group (34.4%). There was no statistical 
difference between ASCs treated groups, however syngeneic and allogeneic ASCs reduced the abortion rate more 
efficiently than xenogeneic ASC.                 
Conclusion: The abortion rate was significantly decreased following the intraperitoneal administration of ASCs from 
various donated sources in abortion-prone mice. These results indicated that the immunogenicity of allogeneic and 
xenogeneic ASCs is not a contradictory problem for their therapeutic effects on RSA.          
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Introduction
Mesenchymal stem cells (MSCs), due to their ability 

to secrete various immunomodulatory factors, including 
prostaglandin E2 (PGE2), transforming growth factor-β 
(TGF-β), interleukin 10 (IL-10), human leukocyte antigen G 
(HLA-G), inducible nitric oxide synthase (iNOS) and their  
differentiation potential are an appropriate option  for cell-
based therapy (1, 2). MSCs have been isolated from different 
organs including bone marrow, adipose tissue, umbilical 
cord blood, placenta, muscle, liver, and synovial fluid (3-5). 
However, adipose tissue could be an ideal source of MSCs, 
because of its availability and simplicity of established 
techniques to extract abundant MSCs from this tissue. In 
addition, various studies have shown that adipose-derived 
MSCs  (ASCs) have strong immunomodulatory properties 
with no side effects (6-8). ASCs’  immunomodulatory 
effects are due to the secretion of various growth factors and 
cytokines, as well as direct cell to cell contact (7). 

Recurrent spontaneous abortion (RSA) is one of the most 
common complications of the pregnancy, with a prevalence 
of 2-5 percentage among pregnant women. A major fraction 
of RSA is closely related to the maternal immune system 
disorders, especially the local immune responses at the 
feto-maternal interface (9-11). Female CBA/J mice mating 

to male DBA/2 mice are susceptible to abortion because of 
numerous immunological disorders and are commonly used 
as a mouse model of immunologic RSA. The rate of embryo 
resorption by these mice has been reported to be about 20-
40%, while in normal mice it is 4-5% (12, 13). Our previous 
study has shown that autologous ASCs therapy could 
reduce the abortion rate in abortion-prone mice (14). Since 
ultimately, animal studies have to be generalized to humans 
and most studies are based on allogeneic cell therapy because 
the separation of the autologous MSCs is time-consuming, in 
this study, we compared the effect of human (xenogeneic), 
allogeneic and syngeneic ASCs on the reduction of abortion 
rate in an RSA model.

Materials and Methods
Mice and experimental design

In this experimental study, CBA/J female mice (6-8 
weeks), BALB/c, and DBA/2 male mice (9-11 weeks) 
were purchased from Pasteur Institute of Iran (Tehran, 
Iran). All animals were kept under controlled conditions 
of temperature, humidity, and light (cycles of 12 hours 
dark/light). All experimental procedures on animals were 
followed according to the rules of the Ethical Committee 
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of the Faculty of Medical Science, Tarbiat Modares University 
IR.TMU.REC.1394.255). CBA/J female mice were mated 
to either DBA/2 or BALB/c males overnight. Detection of 
the vaginal plug was considered the day 0.5 of gestation. It 
is accepted that CBA/J female mating to DBA/2 males mice 
show immunological abortion and are defined as abortion-
prone pregnant mice. The mating of CBA/J mice to BALB/c 
results in normal pregnancy and is considered as normal 
pregnant mice in this experiments (15).

Some pregnant mice in the abortion-prone group (CBA/
J×DBA/2) received 106 syngeneic, allogeneic or xenogeneic 
ASCs in phosphate-buffered saline (PBS) intraperitoneally on 
the day 4.5 of gestation (implantation window) (ASCs treated 
group, n=5 for each kind of ASC). Some mice in the same 
mating pairs received an i.p. injection of PBS as a control 
group (n=5). CBA/J×BALB/c mating as the normal pregnancy 
control also received PBS (n=5). Animals were sacrificed by 
cervical dislocation on the day 14.5 of gestation. Afterward, 
uteri horns were isolated from pregnant mice and the total 
number of embryo resorption was counted. The percentage of 
resorption in experimental groups was calculated according 
to the formula: resorption rate %= (number of resorbed fetus/
number of the total fetus)×100 (16).

Isolation of mesenchymal stem cells from the adipose 
tissue

MSCs were isolated from the abdominal fat of CBA/J 
and BALB/c mice (3-5 week), adipose tissue was cut into 
small pieces and digested with 1 mg/mL collagenase type I 
(Sigma-Alderich, USA) for 30 minutes at 37˚C with every 
10 minutes shaking to get a single cell suspension. After 
neutralization of collagenase with Dulbecco’s Modified 
Eagle Medium (DMEM, Gibco, UK) containing fetal calf 
serum (FCS), the separated cells were centrifuged (1500 g 
for 15 minutes) and the cell pellet was cultured in DMEM 
containing 10% FCS and kept in 5% CO2 at 37˚C. After 24 
hours, the medium was changed to remove the non-adherent 
cells. When approximately 70-80% confluence was achieved, 
the adherent cells were trypsinized and harvested. Passage 2 
cells were used for injection.

Human ASCs were isolated from Lipoaspirate samples 
as described by Zhu et al. (17). In brief, adipose tissue was 
obtained after liposuction with informed consent and digested 
by collagenase type I (1 mg/mL, Sigma-Alderich, USA). For 
this purpose, adipose samples were mixed with collagenase 
solution and placed at 37˚C for 30 minutes. DMEM with 
10% FCS was used to neutralize collagenase (5 minutes at 
room temperature). Then the cell pellets were collected by 
centrifugation (1200 g for 10 minutes) and cultured in DMEM 
containing 10% FCS and kept in 5% CO2 at 37˚C. After 
removal of non-adherent cells and getting a confluent culture, 
the cells from the second passage were used for experiments. 
It has been shown that MSCs lost their stem cells properties 
and enter the senescence during in vitro cultures (18). So we 
chose the second passage for the cell therapy. 

Immunophenotyping of adipose tissue-derived 
mesenchymal stem cells

The  expression of surface markers on MSCs was 

investigated using the following antibodies. Anti-mouse 
CD34  (PE, eBiosience, USA), anti-mouse CD44 (APC, 
BD, USA), anti-mouse CD45 (APC-cy7, Biolegend, 
USA), anti-mouse CD73 (PE, BD, USA), anti-mouse 
CD90 (APC, BD, USA), anti-mouse CD105 (PE, 
eBiosience, USA), anti-mouse  Sca1 (FITC, Biolegend, 
USA), anti-mouse CD3 (PE, BD, USA), anti-human 
CD90 (APC, Biolegend, USA), anti-human CD105 (APC, 
Biolegend, USA), anti-human CD29 (PE, eBiosience, 
USA), anti-human CD45 (FITC, Biolegend, USA) and 
anti-human CD34 (PE, eBiosience, USA). Passage 2 cells 
were used for the analysis of cell surface markers by flow 
cytometry (FACS calibur, Becton Dickinson, USA). For 
flow cytometry analysis, 10,000 events were counted and 
data were analyzed using the flowJo software.

Multi-lineage differentiation of adipose tissue-derived 
mesenchymal stem cells

Isolated MSCs from the adipose tissue were cultured in 
DMEM containing 10% FCS, dexamethasone (0.5 mM, 
Sigma-Alderich, USA), indomethacin (50 mM, Sigma-
Alderich, USA), insulin (5 μM, Sigma-Alderich, USA), 
and isobuthylmethylxanthine (0.5 mM, Sigma-Alderich, 
USA) for 3 weeks to induce adipose differentiation. 
Differentiated cells were assessed using oil red O for 
adipocyte detection.

To induce the differentiation toward osteocytes, MSCs 
were incubated in condition medium (DMEM+10% fetal 
bovine serum) supplemented with ascorbic acid (50 mg/
ml), β-glycerolphosphate (10 mM), and dexamethasone 
(0.1 µM). After 3 weeks incubation at 37˚C the cells were 
fixed by formalin 10%, then the cells were stained with 
Alizarin red (Sigma-Alderich, USA) to detect mineralized 
matrix of the bone (17, 19).

Statistical analysis
Statistical analysis of the data was performed using 

the SPSS version 23 software (IBM company, USA). 
The differences in resorption rate between experimental 
groups were analyzed by chi-square (χ2) and Fisher’s 
exact test where appropriate. Data are presented as mean ± 
SD. The P<0.05 were considered statistically significant.

Results
Isolation of mesenchymal stem cells from adipose 
tissue and their characterization

MSCs were isolated from different sources including 
abdominal fat of CBA/J and BALB/c mice, and human 
lipoaspirate. Cultured ASCs were fibroblast-like, plastic 
adherent, and spindle-shaped which were consistent with MSC 
morphology. Immunophenotyping analysis demonstrated 
that MSCs cultures from passage 2 in mice were positive 
for CD105, CD44, Sca-1, CD73, and CD90 and negative for 
CD45, CD3, and CD34 (Fig.1A, B). Immunophenotyping 
analysis also demonstrated that isolated MSCs from human 
liposuction were positive for CD90, CD105, and CD29 and 
negative for CD45 and CD34 (Fig.1C).
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Fig.1: Cell surface phenotype analysis of adipose tissue-derived mesenchymal stem cells (ASCs). A. The syngeneic (obtained from CBA/J), B. Allogeneic 
(obtained from BALB/c), and C. Xenogeneic ASCs (obtained from human) were analyzed for the expression of cell surface markers at the second passage of 
cultured cells by flow cytometry. The cells were positive for stem cell markers and negative for the hematopoietic markers in all kinds of ASCs. Histograms 
show the expression of surface markers (blue) which were plotted against the unstained control (red).
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Differentiation of adipose tissue-derived mesenchymal 
stem cells into osteogenic and adipogenic lineages

To evaluate the multi-lineage differentiation ability of 
the isolated ASCs, the cells were induced to osteoblast 
and adipocyte under appropriate culture conditions. In the 
osteogenic medium, both human and mice ASCs formed the 
calcium mineralization confirmed by Alizarin red staining 
(Fig.2A). The ASCs were also cultured in adipogenic 
medium and revealed that ASCs of all sources formed lipid 
droplet confirmed by oil red O staining (Fig.2B)

Adipose tissue-derived mesenchymal stem cells 
reduced the abortion rate in the abortion-prone mice 

We observed that the administration of ASCs from all 
sources at the day 4.5 of pregnancy to CBA/J pregnant 

mice in CBA/J×DBA/2 matting,  significantly reduced 
the abortion rate compared to the untreated control group 
which received PBS (P<0.05). The difference in abortion 
rate down-regulation between syngeneic, allogeneic, 
and xenogeneic ASCs was not statistically significant, 
however syngeneic and allogeneic ASCs reduced the 
abortion rate more efficiently (P=0.0007) than xenogeneic 
ASC (P=0.014). The percentage of abortion rate on the day 
14.5 of gestation in non-treated control group was 34.4% 
(16 out of 46 implanted fetuses; n=5) in syngeneic ASCs-
treated group was 6.31% (3 out of 48 implanted fetuses, 
n=5), in allogeneic ASCs-treated group was 6.54% (3 of 
47 implanted fetuses, n=5) in xenogeneic ASCs-treated 
group was 12.36% (6 of 48 implanted fetuses, n=5). The 
resorption rate in normal pregnancy group was 6.04% (3 
of 49 implanted fetuses, n=5) (Fig.3). 

Fig.2: Differentiation potential of adipose tissue-derived mesenchymal stem cells (ASCs). A. Osteogenic capability of cells was determined by Alizarin Red 
staining after 21 days of induction in osteogenic medium and B. The ability of ASCs to differentiate into adipocyte was characterized by oil red O staining 
after being cultured in the adipogeneic medium.
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Fig.3: Effect of cell therapy on the embryo resorption rate. Mice were 
injected i.p with syngeneic, allogeneic, and xenogeneic adipose tissue-
derived mesenchymal stem cells (ASCs) or PBS on day 4.5 of gestation. 
On day 14.5 of gestation uteri were removed and investigated 
for resorption rate. A. Representative photographs indicating the 
implantation sites in normal pregnancy (a), control group (b), 
syngeneic group (c), allogeneic group (d), and xenogeneic group (e) 
and B. Resorption rate in studied groups. In the ASCs treated groups, 
the percentage of embryo loss was significantly lower than the control 
group. The data are presented as mean ± SD. 

Discussion
Our previous studies showed that syngeneic ASCs 

therapy could reduce the abortion rate in abortion-prone 
mice and might be considered a promising treatment route 
for immune-mediated pregnancy loss (14, 20). Here, we 
showed that allogeneic and xenogeneic ASCs therapy 
could also reduce the abortion rate in this model. 

 Several studies demonstrated that disorders of immune 
responses play a crucial role in the pathophysiology of 
RSA (12, 21), so immunomodulatory therapy could be an 
attractive and hopeful treatment for this disorder. Various 
sources of MSCs including allogeneic, syngeneic, and 
xenogeneic have been used in the treatment of different 
regenerative and auto-immune disorders (22-24). We 
have used autologous ASCs in our previously mentioned 
studies to reduce the abortion rate. Because autologous 
ASCs are not always simply available, in this study, we 
compared the therapeutic effects of syngeneic, allogeneic, 
and xenogeneic ASCs in the cell therapy of recurrent 
pregnancy loss using an appropriate RSA animal model. 

Our results showed that the abortion rate was decreased 
following ASCs therapy in all studied groups.  ASCs 
therapy could significantly reduce the abortion rate 
from 34.4% in non- treated abortion-prone mice to 
6.3%, 6.54%, and 12.36% in syngeneic, allogeneic and 
xenogeneic ASCs- treated groups, respectively.  As seen, 
all kinds of ASCs remarkably reduced the abortion rate in 
comparison to the untreated control group. 

It has been shown that adverse immune response plays 
a crucial role in most cases of spontaneous abortion. 
Dysregulated activities of natural killer cells, T cells, 
and macrophages, as well as the decreased density of 
regulatory T cells and altered activities of dendritic cells, 
are reported to be involved in the etiology of RSA  by many 
investigators (12, 13, 21, 25). Regarding to the aberrant 
immune response as the main player in most cases of 

spontaneous abortion and accepted immunomodulatory 
properties of MSCs (26-28), it could be concluded that 
downregulation of abortion rate could be mainly due to 
the immunomodulatory effects of MSCs, which could 
abrogate or regulate the undesirable immune reactions. 
Besides, the immunoregulation through a direct cell to cell 
contact, the most important immunomodulatory factors 
of MSCs are PGE2, hepatocyte growth factors (HGF), 
Indoleamine 2, 3-dioxygenase (IDO), nitric oxide (NO), 
IL-10, and TGF-β1 which lead to the suppression of B, 
T, and NK-cell proliferation and DC maturation. MSCs 
are also reported as strong inducers of regulatory T cells 
and M2 macrophages (2, 28-33). Several studies also 
indicated the protection of fetus from abortion through 
immunosuppressive molecules such as TGF-β and 
IL-10 (34, 35). These results suggest that MSCs may 
improve the pregnancy outcome through the modulation 
of the adverse immune responses at the feto-maternal 
interface.

In this study, we observed no statistical difference 
among therapeutic effect of the different sources of ASCs, 
however xenogeneic ASCs had less efficiency compared to 
syngeneic and allogeneic ASCs. It is likely that the cross-
talk between mouse-derived MSCs and mouse immune 
cells in this model is more effective than xenogeneic 
(human-derived) MSCs. However, some molecules that 
induce immunomodulatory function of MSCs are common 
among species such as PGE2, IL-10, hemeoxygenase-1 
(HO-1), and IL-6, but there are some structural differences 
between these MSCs-derived secretory components 
between mouse and human which cause a lower response 
of target cells from the mouse immune system to human-
derived cytokines. Direct cell-cell interaction is another 
mechanism for immunomodulating by MSCs. This 
interaction is exerted through the cell surface ligands and 
ligates such as programmed cell death 1 ligand 1 (PD-
L1), PD1, intercellular adhesion molecule-1 (ICAM-1), 
vascular cell adhesion molecule-1 (VCAM-1), integrin 
alpha-4 (ITGA4), and galectin (36, 37). In this case, the 
structural differences in surface molecules among species 
do not let an effective cross-talk between the human 
and mouse cells. MSCs from various species also exert 
their effects through different mechanisms. Some studies 
showed that murine MSCs use inducible nitric oxide 
synthase, while the human MSCs use IDO as a tool for 
their immunomodulatory properties (30, 38). This could 
be another possible explanation for the difference in their 
therapeutic effects in our model. 

Although most in vitro studies have indicated the 
immunosuppressive effect of MSCs, several studies 
have also shown the immunogenicity of these cells 
for non-syngeneic species. After systemic injection 
of allogeneic and xenogeneic MSCs, their presence 
in recipient tissues is probably limited because of the 
immunological process (29, 31, 38). The effects of 
syngeneic versus allogeneic MSCs were investigated in 
EAE and have shown that allogeneic MSCs stimulate 
the immune responses compared to syngeneic MSCs. 

B
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However, both treatments had similar curative effects 
(38). We also observed the same results and there was no 
difference between therapeutic effects of syngeneic and 
allogeneic groups. This finding may be related to weak 
immunogenicity of allogeneic MSCs compared to other 
cell types from allogenic source, which causes their slow 
rejection and longer presence in recipient animals (29). 
For xenogeneic MSCs the immunogenicity could be 
stronger and more limitary. So the structural differences 
in implicated molecules in immunomodulation and weak 
immunogenicity of xenogeneic ASCs could be considered 
the main reasons for the lower efficiency of these cells in 
the reduction of the abortion rate.  

Conclusion
The results of the present study demonstrated that, in 

spite of the weak immunogenicity of allogeneic MSCs, it 
can be used instead of autologous MSCs. The separation 
of autologous MSCs is time-consuming and not suitable 
for the acute conditions. Additionally, MSCs from various 
donors are somewhat different in their therapeutic effects 
but allogeneic MSCs can be harvested from the healthy 
donors  and their therapeutic and immunomodulatory 
efficacy could be investigated for the banking purposes.
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Abstract
Neurodegenerative diseases have now become a major challenge, especially in aged societies. Most of the traditional 
strategies used for treatment of these diseases are untargeted and have little efficiency. Developments in stem cell 
investigations have given much attention to cell therapy as an alternative concept in the regeneration of neural tissues. 
Dental pulp stem cells (DPSCs) can be readily obtained by noninvasive procedures and have been shown to possess 
properties similar to well-known mesenchymal stem cells. Furthermore, based on their neural crest origin, DPSCs 
are considered to have a good potential to differentiate into neural cells. Zfp521 is a transcription factor that regulates 
expression of many genes, including ones involved in the neural differentiation process. Therefor based on neural crest 
origin of the cell and high expression of neural progenitor markers, we speculate that sole overexpression of Zfp521 
protein can facilitate differentiation of dental stem cells to neural cells and researchers may find these cells suitable for 
therapeutic treatment of neurodegenerative diseases.       
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Neurodegenerative diseases have the profound impacts 
on modern human life, which common treatment in the 
medical field often fail. This event is mainly attributed 
to the limited ability of the adult central nervous system 
(CNS) for regeneration of neurons and glial cells (1, 2). 
Therefore, this dearth has lead researchers in the nascent 
field of regenerative medicine to assess the ability of 
different types of stem cells, including adult stem cells 
(ASCs) and embryonic stem cells (ESCs) to differentiate 
into neurons (2-4). Despite the high ability of ESCs to 
self-renewal and also to differentiate into various types 
of cells, the risk of teratogenicity, rejection, and ethical 
issues narrow their medical application. In contrast to 
ESCs, these risks are less associated with ASCs that 
show lower degree of plasticity. In this regard, different 
approaches are used to improve the transdifferention 
potential of ASCs to applying in regenerative medicine 
(2, 4).

Dental stem cells (DSCs) originated from the cranial 
neural crest and reside in different parts of the oral cavity. 
These cells are easily obtained by relatively noninvasive 
methods and can differentiate into neurons, chondrocytes, 
cardiomyocytes and osteoblasts cells (5). During the last 
decade, many studies have revealed that these cells also 
express key neurotropic factors including neurotrophin 
3 (NT3), brain-derived neurotrophic factor (BDNF) 

and neurotrophin 4 (NT4) as well as some of the main 
neural markers such as Nestin, Sox2 and Glial Fibrillary 
Acidic Protein (GFAP) (6-11). Previously, an exciting 
experiment revealed a relatively high similarity in DNA 
methylation pattern in dental pulp stem cells (DPSCs) 
and some neural stem cell lines, which confirmed their 
neural regeneration plasticity and their common origin. 
So, it is believed that these cells have an innate tendency 
to differentiate into neurons, which can be augmented by 
exogenous transcription factors (1, 12). 

Zinc finger protein 521 (Zfp521, also known ZNF521 
in human) is a  highly conserved nuclear factor that 
contains 30 Kruppel-like zinc finger motifs and 
different co-regulatory domains. As a result, Zfp521 
is capable of interacting with many transcriptional co-
factors (13, 14) in diverse developmental processes 
and is involved with nucleosome remodeling in various 
tissues and organs (15-17). 

Furthermore, it has been proven that Zfp521 shares a 
common 12 amino acid motif with many transcriptional 
repressors, like nucleosome remodeling and deacetylase 
(NuRD). A significant amount of Zfp521 protein in 
osteo/chondro progenitor cells recruits NuRD and some 
other histone deacetylases (HDCAs) that consequently 
attenuates RUNX2, as a specification gene (18-20).
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Fig.1: Expression of some genes related to Zfp521. A. The higher level of Zfp521 experrsion detected in trasfected cells in comparison with untraffected 
dental pulp stem cells (DPSCs), B. Zfp521 overexpression resulted to the significantly up-regulation of SOX3, C. PAX6 as neural progenitor markers, while 
induced down-regulation in D. CDK1 expression as a key player in cell cycle progression and non-neural determination genes  such as E. PPAR-γ, and F. 
BMP2 that reflected adipogenesis and osteogenesis respectively (P≤0.05). Data are presented as mean ± SE.  

Several studies demonstrated that Zfp521 is highly 
expressed in the cerebellum, striatonigral neurons and 
neural stem cells. In this regard, Kamiya et al. (4) showed 
a pronounced expression of Zfp521 in the neuroectoderm of 
the rostral neural tube during neurulation, which play a key 
role in the conversion of ES cells into the neural progenitors. 
They also found that during neural differentiation Zfp521 
acts in cooperation with the P300 activator via its 
N-terminal zinc-finger motifs and induces expression of 
many early neural genes, such as SOX1, SOX3, and PAX6. 
In this regard, Shahbazi et al. (21). verified that Zfp521 
has the potential to directly convert human fibroblasts 
into neural progenitor cells. These cells are capable of 
surviving, migrating, and achieving neural phenotypes upon 
transplantation into the neonatal mouse and adult rat brains 

without tumor formation. Generally, there is considerable 
evidence that Zfp521 acts in association with its close 
paralog Zfp423, at least in part, for various explained 
functions (22, 23).

Recently, more attention has been paid to dental stem cells 
as a promising source of cells for the regeneration of various 
tissues due to availability, ectomesenchymal origin, and a 
relatively high level of neural progenitor markers. Despite 
many reports on the effective neural induction in DSCs, 
little success were achieved to produce clinically applicable 
neurons (24, 25).

Considering all the aforementioned promising features 
of the DSCs, to pave the way for the application of DSCs 
to challenging neurodegenerative disorders through neural 
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regeneration in future, we will propose that temporal 
overexpression of Zfp521 may efficiently leads DSCs to 
differentiate into functional neurons under specific culture 
conditions.

Previous studies have been revealed that epigenetic 
modifications have high impacts on the regulation of gene 
expression during neurogenesis (26). We believe that 
Zfp521 can mediate remodeling of nucleosome through 
recruitment of P300 in neural progenitor cells, which in 
turn promotes activation of neuron specification genes, 
like SOX3 (4). The intrinsic histone acetyltransferase 
(HAT) activity of P300 co-activator on neural genes 
(27)  and co-repression of histone deacetylase (NuRD) 
complex on some sets of non-neural determination genes, 
such as RUNX2 or SOX9, via interaction with Zfp521, are 
suggested as the main mechanism involved in the neural 
induction effect of Zfp521.

Furthermore, Zfp521 can promote cell cycle transition 
from precursor to post-mitotic state via down regulating 
cyclin dependent kinase 1 (CDK1) (28). Some recent 
studies provided evidences for the sequential switch 
of chromodomain-helicase-DNA-bindings (CHDs) in 
NuRD complex during neural progenitor proliferation 
and cortical layer specification, which can be further 
considered as a promoter of Zfp521 action (29).

Based on this speculation, we expect to observe higher 
efficacy of trans-differentiation of DPSCs after single 
transduction of Zfp521 in comparison to previously 
reported fibroblast induction by Shahbazi et al. (21). In 
this regard, to provide an evaluation for this hypothesis 
we assessed the impact of Zfp521 on some important 
genes such as SOX3, PAX6, CDK1, PPAR-γ and BMP2, 

which supported the neural induction potential of Zfp521 
in mesenchymal stem cells. 

Gene expression analysis was performed by real time 
polymerase chain reaction (PCR) after transduction 
of characterized DPSCs with a doxycycline inducible 
lentiviral vector and induction of Zfp521 overexpression 
for 2 days. We found a significant increase in Zfp521 
expression in comparison to untransfected cells, which 
was accompanied by significantly acceleration in 
expression level of two main neural markers, SOX3 and 
PAX6 (Fig.1). In contrast, it seems that the overexpression 
of Zfp521 not only resulted to the considerable reduction 
in CDK1 but also inhibited the expression of PPAR-γ and 
BMP2 which related to adipogenesis and osteogenesis, 
respectively. These data provide primary evidence in 
support of neural inductive potential of Zfp521, especially 
for dental stem cells. 

Due to remarkable potency and their neural crest origin, 
DPSCs are considered to have a potential to differentiate 
into neural cells. Although numerous studies in the last 
decade focused on the neural differentiation of DPSCs, the 
extension to functional nerve cells remains a challenge. In 
conclusion, we speculate that the temporal overexpression 
of Zfp521 in dental pulp stem cells may prime cells for 
neural differentiation through chromatin modification that 
can lead to the expression of neural specification genes. 
Suggested mechanism of this effect is schematically 
presented in Figure 2. This proposed hypothesis should be 
evaluated in the neural differentiation progress to assess the 
neurogenesis efficiency in Zfp521 overexpressed in these 
cells. Further studies of involved cellular mechanisms and 
proteins interaction with Zfp521 are also valuable.

Fig.2: Proposed role of Zfp521 in induction of neural differentiation through mesenchymal stem cells.
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