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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 manuscript will be evaluated by associate editor. Cell Journal uses a single-blind peer review system and if the manuscript 
suits the journal criteria, we select the reviewer. If three reviewers pass their judgments on the manuscript, it will be presented to the edito-
rial board of Cell J. If the editorial board has a positive judgment about the manuscript, reviewers’ comments will be presented to the cor-
responding author (the identification of the reviewers will not be revealed). The executive member of journal will contact the corresponding 
author directly within 3-4 weeks by email. If authors do not receive any reply from journal office after the specified time, they can contact 
journal office. Finally, 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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Emails: Celljournal@royaninstitute.org
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Abstract
Proteomics is a powerful approach to study the whole set of proteins expressed in an organism, organ, tissue or cell resulting 
in valuable information on physiological or pathological state of a biological system.  High throughput proteomic data facilitated 
the understanding of various biological systems with respect to normal and pathological conditions particularly in the instances 
of human clinical manifestations. The important role of proteins as the functional gene products encouraged scientists to 
apply this technology to gain a better understanding of extremely complex biological systems. In last two decades, several 
proteomics teams have been gradually formed in Iran. In this review, we highlight the most important findings of proteomic 
research groups in Iran at various areas of stem cells, Y chromosome, infertility, infectious disease and biomarker discovery. 
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Introduction
Proteomics is an important field of biological research 

that studies the whole set of proteins expressed in an 
organism, organ, tissue or cell resulting in valuable 
information on physiological or pathological state of a 
biological system. Thus, it can help the health system via 
understanding the pathogenesis of diseases (1), discovery 
of novel biomarkers (2), identification of therapeutic 
target candidates (3, 4) and drug discovery (5, 6). The 
application of proteomics in various field of biological 
sciences, influenced our understanding of molecular 
mechanisms governing living systems. Thus, many 
research groups applied this approach to answer multiple 
unsolved biological/clinical questions. 

During last two decades several proteomics teams have 
been gradually formed in Iran and, exploited proteomics in 
various human research fields including stem cell science, 
infertility, biomarker discovery and infectious disease. 
Owing to significant progress in stem cell proteomics, it 
has been one of the most active filed of proteomics studies 
in Iran (7). In 2005, Iranian scientist generated the first 
proteome map of human embryonic stem cell membrane 
(hESC) (8). Since then, many studies have been performed 
to identify proteins involved in stem cell differentiation as 
well as lineage specific cell surface markers (9). 

Iranian Scientists have also contributed in several 
international projects. These include Human Y 
Chromosome Proteome Project and Asia Oceania Human 
Proteome Organization Initiative on hESC membrane 
proteome. This review highlights the most important 

findings of proteomic research groups in Iran at various 
areas of stem cells, infertility, infectious disease and 
biomarker discovery (Table 1). 

Proteomic research in Iran
Stem cell proteomics 

Over last two decades, stem cell institutes of Iran have 
attracted major funding and recruited scientists to accelerate 
the development of this field, in order to improve both 
developmental knowledge and clinical translation for the 
purpose of regenerative medicine (7, 10).

hESCs are pluripotent cells that have the ability for self-
renewal and differentiation to all three embryonic germ 
layers. They provide an unprecedented source of cells for 
developmental study, disease modeling, and drug screening 
as well as cell-based therapies. Scientists have expressed 
tremendous interest in the molecular mechanisms that 
govern pluripotency, proliferation, and differentiation of 
ESCs, and employed various approaches to unravel these 
regulatory mechanisms (11). In Iran, proteomics has been 
used to study molecular mechanisms which play a role 
in maintaining the undifferentiated state of hESCs and 
induced pluripotent stem cells (iPSCs) (8, 12) as well 
as differentiation of monkey, mouse, and human ESC 
lines into embryoid bodies (13-16) and hESC neural 
differentiation (17, 18). The proteome of spinal cords in 
healthy and experimental autoimmune encephalomyelitis 
(EAE) samples have been analyzed before and after 
transplantation of ESC-derived neural precursors (19). 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3229753/
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Table 1: An overview to human proteomic research in Iran

Field Finding Proteomic Tool Reference

1 Stem cell Molecular mechanisms which play a role in 
maintaining the undifferentiated state of hESCs 
and iPSCs

2-DE-MS/MS
2-DE-MS/MS

(8)
(12)

2 Molecular mechanisms which play a role in 
differentiation of mouse, monkey, and human 
ESC lines into embryoid bodies

2-DE-MS/MS 
2-DE-MS/MS 
iTRAQ-MS/MS
2-DE-MS/MS 

(13)
(14)
(15)
(16)

3 Molecular mechanisms which play role in neural 
differentiation of ESC

2D-DIGE-MS/MS (17)

4 Molecular mechanisms of EAE recovery after 
transplantation of ESC-derived neural precursors

2-DE-MS/MS (19)

5 Identification of cytosolic and membrane 
associated protein complexes of hESC

Blue native PAGE-MS/MS (20)

6 Reduction of focal adhesion enables the 
maintenance of undifferentiated and pluripotent 
states of mESCs

Label-free mass spectrometry (21)
(22)

7 Identification of hundreds of organelle specific 
proteins and functional assignment of three 
novel membrane proteins to pluripotency

Label-free mass spectrometry (23)

8 Deep subcellular proteomics resulted in 
identification of 15, 3, 13 gold missing proteins 
in membrane, cytoplasm, and nucleus of hESCs

Label-free mass spectrometry (24)

9 Identification of ALCAM as a specific surface 
marker to enrich ISL1+ cardiac progenitor cells

Label-free mass spectrometry (25)

10 Identification of two novel cell surface markers 
in order to purify Embryonic 
Dopamine progenitor cells

Label-free mass spectrometry (26)

11 The Y 
Chromosome 
Human Proteome 
Project (Y-HPP)

Identification of two MPs (XKRY and 
CYORF15A) and introduction of promising 
molecular markers to predict retrievable sperm 
presence in MA patients

Western blot/Immmunohistochemistry (27)

12 Identification of two novel splice variants of 
KDM5D and their possible role in prostate 
cancer cells’ growth

Label-free mass spectrometry (28)

13 Identification of DDX3Y role in neural 
differentiation of NTERA-2

Label-free mass spectrometry (29)

14 Identification of a missing protein, TBL1Y, and 
its role in cardiac differentiation of hESCs

Western blot/Immmunofluorescent (30)

15 Infertility Identification of proteins which are differentially 
expressed in spermatozoa of men with or 
without varicocele

2-DE-MS/MS (31)

16 Identification of proteins which are differentially 
expressed in spermatozoa of patients with grade 
3 varicocele before and after varicocelectomy

2-DE-MS/MS (32)

17 Identification of 14 differentially expressed 
proteins in sperm tails of asthenozoospermia 
patients compared to normozoospermia men

2-DE-MS/MS (33)

18 Identification of anti-sperm antibody targets in 
azoosprmic men

2-DE-MS/MS (34)

19 Identification of novel candidate proteins which 
play role in regulation of spermatogenesis

Label-free mass spectrometry (35)
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 Table 1: Continued

Field Finding Proteomic Tool Reference

20 Reconstruction of SpermNet Whole-proteome data and the mCADRE 
algorithm

(36)

21 Identification of some proteins in endometrial 
tissue of PCOS patients which play important 
roles in fecundity and fecundability

2-DE-MS/MS (37)

22 Infectious disease Identification of proteins which play important 
roles in rabies virus pathogenesis

2-DE-MS/MS (1, 38-40)

23 Proteomics of Leishmaniasis 2-DE-MS/MS (41, 42)

24 Biomarker 
discovery

Introduction of a panel of urinary prognostic 
biomarkers for classification of IgA nephropathy

Label-free mass spectrometry (43)

25 Identification of a panel of biomarkers to predict 
the responsiveness to steroid therapy in focal 
segmental glomerulosclerosis

Label-free mass spectrometry (44)

26 Identification of a panel of biomarkers 
for early diagnosis as well as sensitivity 
to dexamethasone therapy in B cell acute 
lymphoblastic leukemia

2-DE-MS/MS (45)

27 Introduction of Ig Kappa Chain C region 
(IGKC) as a potential biomarker for fluoxetine 
responsiveness and patient follow up

2-DE-MS/MS (46)

Subcellular localization of a protein to different 
organelles can greatly determine the decisive protein 
function (47). Blue native polyacrylamide gel 
electrophoresis (PAGE) was used to identify cytoplasmic 
and membrane-associated complexes in hESCs (20). 

The shotgun proteome approach was used to study 
ground state pluripotency. The results indicated that 
reduced focal adhesion enabled mouse embryonic stem 
cells (mESCs) to be maintained in undifferentiated and 
pluripotent states (21, 22).

Asia Oceania Human Proteome Organization 
Initiative on hESC membrane proteome

Iranian scientists are actively involved in hESC 
Membrane Proteome Initiative, an Asia Oceania Human 
Proteome Organization (AOHUPO) initiative Chaired by 
Prof. Ghasem Hosseini Salekdeh from Iran and Prof. Yu 
Ju Chen from Taiwan. 

Although embryonic stem cells have become a cell 
of choice for multiple purposes from developmental 
studies to cell-based therapeutics, there are still unknown 
remaining aspects of these cells, such as a complete 
protein map of their membrane proteins. Researchers 
undertook a study on subcellular proteomics of hESC 
fractions using a TripleTOF mass spectrometer as 
part of the AOHUPO and projects related to the hESC 
Membrane Proteome Initiative. This study resulted in the 
identification of hundreds of organelle specific proteins 

and was followed by functional assignment of three novel 
membrane proteins to pluripotency (23). 

In 2018, the most comprehensive proteome map of 
hESC has been published as a result of this initiative. 
A deep subcellular proteomics approach was used to 
identify the membrane, cytoplasmic and nuclear proteins 
of hESCs in survey for identification of missing proteins 
(MPs). This great study revealed 15, 3, 13 gold missing 
MPs in membrane, cytoplasm, and nucleus fractions 
which determined to play role in self-renewal, regulation 
of differentiation,  epigenetic regulations, and cellular 
layers development in hESCs (24). 

This initiative also tuned the focus of proteomic studies 
toward discovering cell surface markers for the purpose 
of lineage-specific cell sorting. LIM-homeodomain 
transcription factor ISL1 is one of the main markers of 
cardiac progenitor cells that is believed to be the master 
regulator of fate determination for the secondary heart 
field-derived cardiac cells (48-52). To purify a population 
of cardiac progenitor cells, ISL1 can not be directly used 
due to its nuclear localization. Thus, a genetic selection 
strategy was used to mark ISL1+cells in order to identify 
a cell surface marker by label-free shotgun proteomics 
approach for future applications in safe clinical sorting 
of cardiac lineage-specific cells. ALCAM (CD166) 
was introduced as a cell surface marker which could 
successfully purify the population of ISL1+ cardiac 
progenitor cells with the ability to recover cardiac function 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3339838/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3339838/
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and improve angiogenesis in a rat model of myocardial 
infarction (25). 

In a similar approach, a transcription factor that marks 
early dopaminergic neurons, LIM homeobox transcription 
factor 1 alpha (LMX1A), was used to generate a knock-
in GFP reporter human embryonic stem cell (hESC) line 
in order to purify this particular neuronal population for 
further cell surface marker identification. Using shotgun 
proteomics, Fathi et. al. introduced two cell surface 
markers, polysialylated embryonic form of neural cell 
adhesion molecule (PSA-NCAM) and contactin   2 
(CNTN2), which could successfully enrich LMX1A+   
progenitor   cells. Further transplantation of CNTN2+ 
cells improved Parkinson’s disease-related phenotypes in 
rat models (26).  

Iran’s contribution to human proteome project: the Y 
chromosome human proteome project 

The Y chromosome human proteome project (Y-HPP) 
is being conducted in Iran (53). The project focuses on 
identification of MPs and study of the function of proteins 
and their association with diseases (54, 55). Rastegar and 
colleagues performed an isoform-level gene expression 
profiling of Y chromosome genes within the azoospermia 
factor (AZF) regions, their X counterparts, and a few 
autosomal paralogues in four different groups: healthy 
individuals with preserved spermatogenesis, patients 
with non-obstructive azoospermia (NOA), Sertoli-cell-
only syndrome (SCOS), and premeiotic maturation arrest 
(MA). They identified, for the first time, two MPs (XKRY 
and CYORF15A). Rastegar introduced HSFY1-3, 
RBMX2, BPY2-1, DAZL-1, and KDM5C2 as promising 
molecular markers to predict retrievable sperm presence 
in MA patients (27). Jangravi et al. (28) studied KDM5D 
expression, an MSY gene, in a prostate cancer cell line 
(DU-145). They found two novel splice variants with 
lengths of 2650 bp and 2400 bp. Knockdown of these two 
variants resulted in higher growth and lower apoptosis 
rate of prostate cancer cells. 

Shotgun label-free quantitative proteomics revealed 
alterations in abundance of proteins involved in RNA 
processing, protein synthesis, apoptosis, the cell cycle, 
growth, and proliferation in KDM5D knockdown cells. 
Vakilian et al. (29) investigated the expression of 23 MSY 
genes and 15 of their X homologues during neural cell 
differentiation of NTERA-2 human embryonal carcinoma 
cell line (NT2) cells. They observed alterations in 
expression of several MSY genes, from which DDX3Y 
was knocked down to further investigate its function 
during neurogenesis. Label-free quantitative shotgun 
proteomics showed that DDX3Y knockdown resulted 
in expression alterations of proteins involved in the cell 
cycle, RNA splicing, and apoptosis. They suggested 
that DDX3Y might play a multifunctional role in neural 
cell development. Meyfour and co-workers studied 
the proteome of Y chromosome during cardiogenesis 
of hESCs. They observed alterations in the expression 
and protein localization of some of the MSY genes 

during cardiomyocyte differentiation of hESCs from which 
TBL1Y, a MP, was knocked down for further functional 
analysis. TBL1Y knockdown resulted in inefficient 
cardiac differentiation of hESCs along with generation of 
cardiomyocytes with impaired contraction (30). 

Proteomics in infertility research
Human male infertility accounts for approximately 

7-10% of infertilities (56) and is an important medical 
issue with an unknown etiology in most cases. Hosseinifar 
et al. have compared the sperm protein profiles of men 
with and without varicocele by Two-dimensional gel 
electrophoresis (2-DE) and mass spectrometry (MS). 
Their results indicated that heat shock, mitochondrial, and 
cytoskeletal proteins were mainly affected by varicocele 
(31). In another study, they analyzed the proteome profile 
from patients with varicocele and poor sperm quality 
before and after varicocelectomy. Their findings showed 
that the altered proteins played a key role in sperm 
production, protection of DNA integrity, and sperm 
motility (32). In a study by Hashemitabar et al. (33), the 
proteome profile of the sperm tail was analyzed in patients 
with normozoospermia and asthenozoospermia. For the 
first time, they identified four differentially expressed 
proteins which could be potential markers to better 
diagnose sperm dysfunction, new contraceptive targets, 
and prediction of embryo quality. 

Zangbar et al. (34) profiled the sperm proteins and 
blotted them with sera of healthy fertile or obstructive 
azoospermia (OA) in order to explore the anti-sperm 
protein targets in azoospermic men. They observed that 
sera from OA patients might contain antibodies against two 
sperm proteins, Tektin-2 and triose phosphate isomerase. 
Alikhani et al. (35) performed shotgun proteomics in 
order to unravel the molecular mechanisms involved in 
male azoospermia. They compared the protein profile 
of testicular tissues from OA patients and NOA that 
included MA and SCOS. Their findings introduced novel 
candidate proteins, which included key transcription 
factors associated with azoospermia. Recently, Asghari 
et al. (36) reconstructed the first proteome-scale model 
of the sperm cell by using whole-proteome data and the 
Metabolic Context-specificity Assessed by Deterministic 
Reaction Evaluation (mCADRE) algorithm. Their model 
could predict the novel non-glycolytic genes for deficient 
energy metabolism in addition to known pathways in 
asthenozoospermia. Proteomics was employed to address 
infertility complications in female reproductive system, 
too.  Proteome profile of endometrial tissue in polycystic 
ovary syndrome (PCOS) was compared to healthy fertile 
women and resulted in identification of 70 proteins 
which assigned a role in oxidative stress, inflammation, 
apoptosis and the cytoskeletal rearrangement that may 
underlie impaired fecundability and low pregnancy rate 
in PCOS women (37). 

Proteomics in infectious disease
Proteomics, as a novel approach, has helped the 
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scientific community to develop a molecular picture of 
infectious diseases and their spread, which will definitely 
result in better control of disease prevalence and the 
development of more efficient therapies (57). Rabies is 
a neurodegenerative disease caused by a life threatening 
rabies virus. Proteomics has been applied to study the 
effect of the virus on baby hamster kidney cells (BHK-
21) (1), a neuroblastoma cell line (38), lymphocytes 
of infected mice (39), and human brain infected by the 
virus (40). Leishmaniasis is another infectious disease 
studied by proteomics (41, 42). More than 20 species 
of intracellular parasites that belong to the Leishmania 
genus cause this infectious disease. The symptoms range 
from simple self-limiting cutaneous ulcers to sever 
disfiguring mucocutaneous lesions, and even fatal visceral 
disease. Among these infectious diseases, the diagnosis 
and treatment of viscerotropic leishmaniasis appears 
challenging. It is anticipated that technologies developed 
in the course of C-HPP can be applied for research of 
infectious diseases in the future.

Proteomics in biomarker discovery
Despite great advances in our understanding of 

epidemiology and pathophysiology of diseases, but 
diagnosis and therapeutic decisions for many pathological 
conditions rely on invasive tools. Moreover, prognosis or 
early detection of few disease conditions are possible by 
biomarker discovery. Therefore, great efforts are made 
to introduce ideal biomarkers to improve prognosis, 
diagnosis and predictive response to treatment. Advances 
in proteomic technologies can greatly influence the field 
of biomarker discovery (58). This concept has been the 
objective of some research projects in Iran. 

The classification of immunoglobulin A (IgA) 
nephropathy using scoring systems showed 
inconsistencies among nephrologists. Kalantari et al 
introduced a panel of prognostic biomarkers using liquid 
chromatography tandem-mass spectrometry (LC-MS/
MS) which can be applied for prognosis and classification 
of IgA nephropathy (43). Furthermore, they found a panel 
of biomarkers using nano-LC-MS/MS which could help 
to predict the responsiveness to steroid therapy in focal 
segmental glomerulosclerosis (44). Dehghan-Nayeri et 
al. (45) identified CAPZA1, CAPZB, CLIC1, PNP and 
PSME1 as a panel of biomarkers for early diagnosis as 
well as sensitivity to dexamethasone therapy in B cell 
acute lymphoblastic leukemia. Zamanian Azodi et al. (46) 
studied proteome profile of obsessive-compulsive disorder 
(OCD) patients before and after treatment with fluoxetine 
and introduced Ig Kappa Chain C region (IGKC) as a 
potential biomarker for fluoxetine responsiveness and 
patient follow up. 

Proteomics in the mirror of global endeavor 
Iranian researchers have significantly contributed 

to proteomic science by establishing international 
collaborations. They have also pioneered some research 

areas such as the proteome map of human embryonic 
stem cells. Furthermore, Iran has contributed in C-HPP 
as the country responsible for the proteome profile of Y 
chromosome and has successfully fulfilled this goal by 
identification of multiple Y chromosome MPs. Iranian 
proteomic researchers developed a new strategy for 
identification of MPs with highly similar homologous 
proteins where MS cannot provide sufficient data. 
Furthermore, introduction of novel surface markers for 
pluripotent stem cells and lineage committed cells was 
another important achievement of proteomic research in 
Iran which may facilitate the clinical translation of these 
cells. Moreover, recently neuroproteomics (59, 60), post 
translational modification (PTM) analysis (61) as well as 
functional characterization of identified Y chromosome 
proteins with no known function as ‘dark proteins’(62) 
gained more attention in Iran. This influential role of Iran 
will be continued to the future of proteomics as more 
international collaborations are established and higher 
number of motivated researchers get involved. 

Conclusion
In line with global advancement of proteomic research, 

Iranian scientists have been contributing to this research 
area by using various techniques of protein analysis. 
Despite limitations in high technology equipment required 
for proteomic studies, such as MS, this contribution 
continued to be in effect by establishing alternative 
experimental tools as well as forming international 
collaborations. These universal efforts have resulted in 
and will continue to provide valuable information directly 
or indirectly empowering health system by understanding 
the pathogenesis of diseases, discovery of novel 
biomarkers, identification of therapeutic target candidates 
and drug discovery. 
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Abstract
Objective: The Lung is one of the most radiosensitive organs of the body. The infiltration of macrophages and lymphocytes 
into the lung is mediated via the stimulation of T-helper 2 cytokines such as IL-4 and IL-13, which play a key role in the 
development of fibrosis. It is likely that these cytokines induce chronic oxidative damage and inflammation through the 
upregulation of Duox1 and Duox2, which can increase the risk of late effects of ionizing radiation (IR) such as fibrosis and 
carcinogenesis. In the present study, we aimed to evaluate the possible increase of IL-4 and IL-13 levels, as well as their 
downstream genes such as IL4ra1, IL13ra2, Duox1, and Duox2.  
Materials and Methods: In this experimental animal study, male rats were divided into 4 groups: i. Control, ii. Melatonin-
treated, iii. Radiation, and iv. Melatonin (100 mg/kg) plus radiation. Rats were irradiated with 15 Gy 60Co gamma rays and 
then sacrificed after 67 days. The expressions of IL4ra1, IL13ra2, Duox1, and Duox2, as well as the levels of IL-4 and IL-13, 
were evaluated. The histopathological changes such as the infiltration of inflammatory cells, edema, and fibrosis were also 
examined. Moreover, the protective effect of melatonin on these parameters was also determined.         
Results: Results showed a 1.5-fold increase in the level of IL-4, a 5-fold increase in the expression of IL4ra1, and 
a 3-fold increase in the expressions of Duox1 and Duox2. However, results showed no change for IL-13 and no 
detectable expression of IL13ra2. This was associated with increased infiltration of macrophages, lymphocytes, and 
mast cells. Melatonin treatment before irradiation completely reversed these changes.                  
Conclusion: This study has shown the upregulation of IL-4-IL4ra1-Duox2 signaling pathway following lung irradiation. It 
is possible that melatonin protects against IR-induced lung injury via the downregulation of this pathway and attenuation of 
inflammatory cells infiltration.

Keywords: Duox1, Duox2, Lung, Melatonin, Radiation
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Introduction
Clinical evidence has shown that more than half of 

patients with cancers undergo radiotherapy during their 
course of disease treatment. Normal tissue toxicity is 
a major limiting factor for tumor control, leading to 
tumor recurrence and various side effects which affect 
the quality of life in treated patients (1). Exposure of 
both normal and tumor cells to ionizing radiation (IR) 
triggers the production of free radicals such as reactive 
oxygen species (ROS) and nitric oxide (NO). In addition 
to direct detrimental effects of IR, these molecules can 
further amplify damage to cells, resulting in DNA damage 
and cell death which cause several side effects in the 
irradiated area (2). The lung is one of the sensitive organs 

of the human body to the toxic effects of IR. The high 
radiosensitivity of the lung limits the applied radiation 
dose for tumor eradication. As non-small cell lung 
carcinoma (NSCLC) has high resistance to radiotherapy, 
this results in increased probability of tumor relapses (3). 
Therefore, to overcome these tumor cells, there is a need 
for a high dose of IR. However, this may be associated 
with an increased risk of pneumonitis and fibrosis (4). In 
recent years, there have been significant improvements in 
radiotherapy in the delivery of a more precise radiation 
dose to the tumor volume while sparing normal tissues. 
However, acute and late normal tissue damage remain an 
important factor (5). In the lung, radiation-induced side 
effects such as inflammatory responses (pneumonitis) 
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and fibrosis are the most common limiting factors (6). 
Currently, there are no appropriate strategies to overcome 
these complications completely.  

Fibrosis is a process resulting from excessive accumulation 
of collagen due to differentiation of fibroblasts. It is associated 
with tissue remodeling and affects normal physiological 
functions (7). Fibrosis and inflammation in some crucial 
organs such as lung, heart, and gastrointestinal system may 
threaten patients’ life (8). Experimental and clinical studies 
have shown that abnormal increases in the levels of some 
cytokines such as TGF-β, IL-1, IL-4, IL-13, TNF-α, etc., have 
a central role in the development of fibrosis and inflammation 
(9, 10). The inhibition of some cytokines such as TGF-β and 
TNF-α has been most widely studied for the amelioration 
of fibrosis and inflammation (11). In addition to TGF-β, in 
recent years, some studies have proposed that IL-4 and IL-13 
signaling pathways play a key role in the fibrosis process (12). 
These cytokines trigger the expression of duox1 and duox2 
through the upregulation of their cognate receptors on cells, 
which mediate continuous ROS production and stimulation 
of fibrosis (13). It has been shown that the upregulation of 
these cytokines may induce the infiltration of macrophages 
and maintenance of inflammation (14). As pro-oxidant 
enzymes such as Duox1, Duox2, NOX1-5, iNOS, and COX-
2 play a key role in continuous ROS production and damage 
to the normal function of organs, suggesting that targeting of 
these enzymes/genes can help manage normal tissue toxicity 
during radiotherapy (15).    

Treatment with some adjuvants for sensitization of tumor 
cells or protection of normal tissue cells is one of the most 
interesting topics in radiation biology. Melatonin is a 
natural body hormone that regulates circadian rhythm, as 
well as several mechanisms in the body such as antioxidant 
enzyme activity (16). In addition, melatonin has a potent 
interrelationship with immune system cells (17). In response 
to radiation, melatonin has shown the ability to protect normal 
tissues through scavenging of free radicals, stimulation of 
antioxidant enzymes, as well as anti-inflammatory effects 
(18, 19). Melatonin has also shown an ability to ameliorate 
radiation or chemotherapy-induced fibrosis in various 
organs such as the lung, heart, and others (20). In this study, 
we examined the effect of pre-treatment with melatonin on 
the development of fibrosis and histopathological damages 
following irradiation. Also, we evaluated the possible role of 
melatonin in alleviating increased levels of IL-4 and IL-13, as 
well as downstream genes such as Duox1 and Duox2 that are 
involved in late effects of IR. 

Materials and Methods
Experimental design

Melatonin was provided (Merck, Germany) and 
dissolved in 20% ethanol at a concentration of 20 mg/
ml. 1 ml of the prepared solution (100 mg/kg) was 
administered to each rat via intraperitoneal injection (18). 
For this Interventional-experimental study, twenty healthy 
adult male Wistar rats (200 ± 20 g) were purchased from 
the Razi Institute, Tehran, Iran. The procedure of this 
study was in accordance with the ethical laws for animal 

care provided by Kashan University of Medical Sciences, 
Kashan, Iran. All animals were housed in suitable conditions, 
including temperature and humidity (23 ± 2˚C and 55%, 
respectively). They were kept under the same light/dark 
cycle to prevent any effect of light/dark on basal levels of 
melatonin in different groups (light 8:00 AM to 8:00 PM 
and dark 8:00 PM to 8:00 AM). Twenty rats were randomly 
divided into 4 groups (5 rats in each), group 1: control, group 
2: melatonin-treated, group 3: radiation, group 4: melatonin-
treated+radiation. Melatonin was administered orally 30 
minutes before irradiation. Irradiation was performed using 
a 60Co source (15 Gy to the whole lung) (21). Sixty-seven 
days after irradiation, rats were anesthetized, sacrificed, and 
their lung tissues were extracted. The ventricles were fixed in 
10% normal buffer formalin while the auricles were frozen 
at -80˚C for real-time polymerase chain reaction (PCR) and 
ELISA.  

Real-time polymerase chain reaction
Total mRNA was isolated from frozen lung tissue of all 

groups using TRIzol Reagent (GeneAll, South Korea) while 
cDNA template was synthesized using cDNA synthesis Kits 
(GeneAll, South Korea) according to the manufacturer’s 
instructions. Pgm1 was used as an internal control while the 
other primers were designed using the Gene runner software 
and NCBI BLAST tool. Real-time PCR was performed using 
Corbett’s RT PCR (Qiagen, USA). The primer sequences are 
shown in Table 1. Real-time PCR efficiency for all mentioned 
genes in Table 1 was determined using the slope of linear 
regression as described by Pfaffl (22). Five samples in each 
group were run in duplicates.   

Table 1: Forward and reverse primer sequences used in this study

Gene Sequence primer (5ˊ-3ˊ)

IL-4r1 F: GAGTGAGTGGAGTCCCAGCATC
R: GCTGAAGTAACAGGTCAGGC	

IL- 13ra2 F: TCGTGTTAGCGGATGGGGAT
R: GCCTGGAAGCCTGGATCTCTA	

Duox1 F: AAGAAAGGAAGCATCAACACCC
R: ACCAGGGCAGTCAGGAAGAT

Duox2 F: AGTCTCATTCCTCACCCGGA	
R: GTAACACACACGATGTGGC

Pgm1 F: CATGATTCTGGGCAAGCACG
R: GCCAGTTGGGGTCTCATACAAA

ELISA
The levels of IL-4 and IL-13 cytokines were detected by 

the IL-4 and IL-13 ELISA kits (Zellbio, Germany) based 
on the manufacturer’s instructions. 

Pathological study
Fixed lung tissues were sectioned at 5-micron sections 
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and then stained with hematoxylin and eosin (H&E) for 
general tissue characterization. Masson’s trichrome staining 
(MTC) was also performed for the detection of collagen 
accumulation. The infiltration of mast cells was evaluated 
using Giemsa staining. All histopathological studies were 
performed at the Pathology Unit, Imam Khomeini Hospital, 
Tehran, Iran, with the aid of a light microscope.

Statistical analysis
All statistical analyses were performed using IBM SPSS 

statistics for windows, version 24.0 (IBM Corp., Armonk, 
NY, USA). The statistical significance (P<0.05) of mean ± 
SD for histopathological and ELISA were analyzed using the 
ANOVA test followed by post hoc Tukey’s HSD. Furthermore, 
the expression of genes was analyzed using t test. 

Results
ELISA 

Results showed that irradiation caused a significant 
increase in the level of IL-4 (702 ± 102) compared to 
the control group (469 ± 89, P<0.05). Treatment with 
melatonin before irradiation led to a significant decrease 
in IL-4 (372 ± 124) compared to the radiation group 
(P<0.05). Treatment with melatonin alone did not cause 
any significant change. Results also showed no significant 
change in the level of IL-13 for all groups (Fig.1).

Fig.1: Results of changes in the levels of IL-4 and IL-13 following irradiation 
with gamma rays and treatment with melatonin (MLT). A. IL-4 and B. IL-
13. a; Significant compared to control and b; Significant compared to 
radiation (Rad), ANOVA Tukey’s HSD post hoc, P<0.05.  

Real-time polymerase chain reaction
Irradiation of lung tissues was associated with a significant 

elevation in IL4ra1 compared to the control group (5.21 ± 0.92 
folds, P<0.05). When rats were treated with melatonin before 
exposure to IR, the expression of IL4ra1 was significantly 
decreased compared to the radiation group (2.60 ± 0.70 
folds, P<0.05). Results showed no detectable expression 
for IL13ra2. The expression of Duox1 gene was elevated 
following exposure to radiation (3.18 ± 0.57 folds, P<0.05). 
When rats were treated with melatonin before exposure to 
IR, the expression of Duox1 was significantly attenuated 
compared to the radiation group (2.60 ± 0.70, P<0.05). 
Results of Duox2 gene expression showed that irradiation 
caused an increase in its expression in comparison with the 
control group (2.95 ± 0.51 folds, P<0.001). Treatment with 
melatonin led to a significant reduction in Duox2 expression 
(1.21 ± 0.25 folds compared to control) compared to the 
radiation group (P<0.01, Fig.2). 

Fig.2: The expression of IL4ra1, Duox1 and Duox2 following irradiation or 
melatonin treatment before irradiation in lung tissues of rats. A. IL4ra1, B. 
Duox1, and C. Duox2. a; Significant compared to control and b; Significant 
compared to radiation (Rad), ANOVA followed by Tukey’s HSD post hoc, 
P<0.05. 
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Histopathological assay

Histopathological evaluation showed mild fibrosis in 
the radiation group. However, this reversed completely 
when melatonin was administered before irradiation. 
Also, results showed severe infiltration of macrophages 

and lymphocytes but not neutrophils. Irradiation led 
to severe alveolar thickening, as well as mild vascular 
thickening. Results for edema and thrombosis did not 
show any significant change. Treatment with melatonin 
could significantly reverse all these changes (Figs.3-5, 
Table 2).  

Table 2: Results of lung irradiation and the protective effect of melatonin

Variable Control Melatonin-treated Radiation Radiation+Melatonin  

Macrophage infiltration 0.25 ± 50 0.25 ± 50 2.66 ± 0.57a 0.80 ± 0.83b

Lymphocyte infiltration 1.00 ± 0.80 0.50 ± 0.57 3.00 ± 00a 0.60 ± 0.54b

Mast cell infiltration 0.00 ± 00 1.00 ± 50 4.00 ± 00a 3.50 ± 0.50

Neutrophil infiltration 0.50 ± 0.57 0.50 ± 0.57 0.00 ± 00 0.60 ± 0.54

Alveolar thickness 0.25 ± 50 0.25 ± 50 2.00 ± 1.00a 0.20 ± 0.44b

Vascular thickness 0.00 ± 00 0.00 ± 00 1.00 ± 00a 0.00 ± 00b

Edema and thrombosis 0.00 ± 00 0.00 ± 00 1.00 ± 0.57 0.00 ± 00

Fibrosis Absent Absent Mild Absent 

Results were scored from 0-3 as 0; Normal, 1; Mild, 2; Severe, 3; Very severe, a; Significant compared to control group, and b; Significant compared to 
radiation group. Data are presented as mean ± SD.

Fig.3: Histopathological investigation of the protective effect of melatonin on radiation-induced lung injury. Control and melatonin groups: no infiltration 
of macrophages and lymphocytes, as well as normal vascular and alveolar thickening, radiation: severe infiltration of macrophages and lymphocytes, as 
well as vascular thickening, while alveolar thickening mildly changed. A. Control; B. Melatonin, C. Radiation, D. Radiation+Melatonin (H&E staining ×100). 
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Fig.4: Results of trichrome staining showed a mild collagen deposition, while treatment with melatonin completely reversed collagen deposition. A. 
Control, B. Melatonin, C. Radiation, and D. Radiation+Melatonin (Masson’s Trichrome staining ×100).

Fig.5: Infiltration of mast cells following irradiation of lung tissues in rats. The administration of melatonin before irradiation could not significantly 
attenuate mast cell infiltration. A. Control, B. Melatonin, C. Radiation, and D. Radiation+Melatonin (Giemsa staining ×100).
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Discussion
The aim of our study was to evaluate changes in the levels 

of two important pro-fibrotic cytokines and downstream 
pro-oxidant genes such as Duox1 and Duox2. Moreover, 
we detected the possible modulatory effect of melatonin 
on the changes in the level of these factors. In the present 
study, we revealed that irradiation of rats’ chest led to a 
significant increase in the expression of IL4ra1, Duox1, 
and Duox2 genes. ELISA results showed that the level of 
IL-4 was increased significantly.

In contrast to IL-4, results suggest that irradiation of 
lung tissue did not cause any significant change in the 
level of IL-13. Moreover, real-time PCR results showed 
no detectable expression of IL13ra2. Probably, the 
upregulation of Duox1 was mediated by other signaling 
pathways, not by IL13ra2. A study has shown that, in 
addition to IL-13, Duox1 can be upregulated through 
IL-4 (23).  There is a possibility that IL-4 upregulates 
both Duox1 and Duox2 gene expressions through the 
stimulation of IL4ra1, while IL-13 is not involved in this 
pathway. There is also a possibility of the involvement of 
other cytokines such as IFN-γ (24, 25). Our results are in 
agreement with a study by Groves et al. (26) which showed 
that IL-4 is involved in the maintenance of macrophages 
and lung injury following irradiation. However, this study 
proposed that the development of fibrosis may be induced 
by other immune mediators but not IL-4. By contrast to 
our results, Chung et al. (14) reported that after exposure 
to IR, increased the level of IL-13 but not IL-4 was 
responsible for the development of lung injuries such as 
macrophage infiltration and fibrosis. They showed that 
IL-13 deficiency could reverse lung injury and reduce the 
expression of genes involved in fibrosis such as TGF-β, 
matrix metalloproteinase-2 (MMP-2), and MMP-3. 
However, this study differed from ours in the sense that 
they used wild-type c57BL/6NcR mice and a longer time 
of evaluation.

As earlier mentioned, the lung is one of the most critical 
organs for the detrimental effects of IR. It has been reported 
that the long-term exposure of the lung to radiotherapy 
due to cancer therapy or iodine therapy for thyroid cancer 
with metastasis can cause death via pneumonitis or 
fibrosis (27). In addition to clinical importance for cancer 
therapy, lung injury may appear following accidental 
exposure to IR. In this situation, lung late effects may 
appear following non-uniform whole body exposure or 
inhalation of radionuclides (28).  As the development of 
lung injury may take a long time to appear, a knowledge 
of the mechanisms involved in radiation-induced 
pneumonitis and fibrosis can help better management of 
them. Although most studies have detected the elevated 
level of TGF-β associated with radiation fibrosis, some 
studies suggest the greater importance of IL-4. It has been 
proposed that IL-4 plays a central role via the stimulation 
of other pro-inflammatory and pro-fibrotic cytokines 
(10). Infiltration of inflammatory cells including 
macrophages and lymphocytes in irradiated tissues is the 
source of increased release of IL-4. The accumulation 

of macrophages and lymphocytes and elevated levels of 
inflammatory cytokines promote ROS and NO through 
the stimulation of reduction/oxidation interactions (29). 
Increased oxidative injury induces a higher degree of 
inflammation and fibrosis in a positive feedback loop that 
could finally lead to death (28). 

Histopathological evaluation showed that irradiation 
of the lung led to severe infiltration of mast cells, 
macrophages, and lymphocytes, but not neutrophils. 
This suggests that neutrophil infiltration is involved 
in late effects of lung injury by IR. Moreover, the 
histological findings showed mild fibrosis, alveolar, and 
vascular thickening. Except for mast cell infiltration, 
all other pathological changes following exposure to IR 
were alleviated when melatonin was administered 30 
minutes before irradiation. Also, melatonin could blunt 
the upregulation of IL-4 and downstream signaling in 
IL4ra1 and Duox2. Since macrophages are the main 
source for the secretion of IL-4 during pneumonitis or 
fibrosis, it seems that the upregulation of IL-4 signaling 
after irradiation, as well as the downregulation of that in 
response to melatonin pretreatment prior to irradiation, is 
responsible for modulating the infiltration of macrophages. 
Regarding IL4ra1 and Duox2 can promote continuous 
ROS production, it is possible that IL-4 signaling plays a 
key role in radiation-induced fibrosis and vascular injury 
in the lung. Melatonin treatment before irradiation could 
reverse the upregulation of these genes completely.  

Previous studies have shown that melatonin has the 
ability to reduce radiation injury via the modulation 
of several signaling pathways. Melatonin is an FDA-
approved drug which has a peak time of absorption up to 40 
minutes and a half-life of 1-2 hours (30, 31). Therefore, its 
administration between 30-60 minutes before exposure to 
radiation is a common method for radiobiological studies. 
Melatonin has shown potent anti-inflammatory effects 
via the prevention of radiation-induced DNA damage 
and cell death (32). Melatonin can also elevate DNA 
repair capacity to mitigate cell death (19). By means of 
the inhibition of Toll-like receptors (TLRs), transcription 
factors, pro-oxidant enzymes, as well as pro-fibrotic and 
pro-inflammatory cytokines melatonin attenuates redox 
activity and relieves late effects of IR (20, 33). As a result 
of these properties, melatonin is appropriate for radiation 
countermeasure, protection, and mitigation of lung injury 
by IR (34).  

Conclusion 
Results of this study showed that irradiation of rats’ lung 

led to a significant increase in the level of IL-4 and pro-
oxidant genes such as Duox1 and Duox2. However, we 
did not observe any significant increase in the level of IL-
13, as well as the expression of IL13ra2. This could be an 
indication that radiation induces lung inflammation and 
fibrosis via the upregulation of IL-4 but not IL-13. This 
suggests that the infiltration of macrophages plays a key 
role in the stimulation of IL-4 and its downstream genes. 
In addition, we showed that melatonin administration 
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before irradiation reversed the infiltration of macrophages 
and lymphocytes, as well as the upregulation of IL-4, 
IL4ra1, Duox1, and Duox2.  
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Abstract
Objective: Polycystic ovarian syndrome (PCOS) is characterized by hormonal imbalance, oxidative stress and chronic 
anovulation. The present study was designed to assess ameliorative effect of auto-locating platelet-rich plasma (PRP), 
as a novel method, for inhibiting PCOS-induced pathogenesis in experimentally-induced hyperandrogenic PCOS. 
Materials and Methods: In this experimental study, 30 immature (21 days old) female rats were assigned into five 
groups, including control (sampled after 30 days with no treatment), 15 and 30 days PCOS-sole-induced as well as 
15 and 30 days PRP auto-located PCOS-induced groups. Serum levels of estrogen, progesterone, androstenedione, 
testosterone, follicle stimulating hormone (FSH), luteinizing hormone  (LH), ovarian total antioxidant capacity (TAC), 
malondialdehyde (MDA), glutathione peroxidase (GSH-px) and superoxide dismutase (SOD) were evaluated. 
Expression of estrogen receptor α (Erα), β (Erβ) and c-Myc were assessed. Finally, the numbers of intact follicles per 
ovary and mRNA damage ratio were analyzed.          
Results: PRP groups significantly (P<0.05) decreased serum levels of FSH, LH, testosterone and androstenedione 
and remarkably (P<0.05) increased estrogen and progesterone syntheses versus PCOS-sole groups. The PRP 
auto-located animals exhibited increased TAC, GSH-px and SOD levels, while they showed diminished MDA content 
(P<0.05) versus PCOS-sole groups. The PRP auto-located groups exhibited an elevated expression of Erα and Erβ 
versus PCOS-sole groups. Moreover, PRP groups significantly (P<0.05) decreased c-Myc expression and mRNA 
damage compared to PCOS-sole groups, and remarkably improved follicular growth.                   
Conclusion: PRP is able to regulate hormonal interaction, improve the ovarian antioxidant potential as well as folliculogenesis 
and its auto-location could be considered as a novel method to prevent/ameliorate PCOS-induced pathogenesis. 
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Introduction
Polycystic ovarian syndrome (PCOS) is an exceptionally 

common disorder, which is widely observed in 
premenopausal women. It is characterized by an increased 
serum level of androgens (hyperandrogenism), chronic 
anovulation and presence of the polycystic ovarian 
morphology (1). According to the Rotterdam consensus 
in 2003, chronic anovulation or oligomenorrhea, clinical 
or biochemical hyperandrogenism, and polycystic ovarian 
morphology are declared as main criteria for PCOS (2). 
Among the different mentioned phenotypes, ovarian 
hyperandrogenism has gained higher attenuations. Indeed, 
in PCOS, an intrinsic steroidogenic defect of theca cells 
results in ovarian hyperandrogenism. Accordingly, 
increased LH and enhanced insulin levels amplify 
inherent impairment of steroidogenesis in theca cells 
(3). In addition to hyperandrogenism symptoms, follicle 
stimulating (FSH) and luteinizing (LH) hormones up-
regulation, as well as estrogen and progesterone reduction 
levels have been reported in PCOS patients (3, 4). Estrogen 
interacts with two distinct estrogen receptors (ERs), 
namely ERα and ERβ (5), both of which regulate variety 
of genes expression, leading to cellular proliferation 
and differentiation in both male and female gonads (6). 

In rodents, Erα is expressed exclusively in theca cells, 
whereas Erβ is expressed especially in granulosa cells 
(GCs) (7). Several evidences, including failed follicular 
maturation, anovulation and hemorrhagic cysts formation 
are reported for Erα knockout (αERKO) mice ovaries (8, 
9). The Erβ-related phenotypes are partially different from 
those related to Erα. Actually, Erβ knockout (βERKO) 
mice ovaries appear normal, exhibiting follicles at all 
stages of development. Meanwhile, these mice represent 
fewer corpora lutea, resulting in mild subfertility problems. 
Moreover, failed response to exogenous gonadotropins as 
well as a severe deficiency in response to the LH/human 
chorionic gonadotropin (hCG) ovulatory stimulus have 
been reported in βERKO mice ovaries (5). 

In addition to estrogen and ERs, 
the proto-oncogene cellular myc (c- 
Myc),  as a transcription factor, participates in cellular 
proliferation pathway (10). Although c-Myc protein has 
been illustrated to induce both growth and oncogenic 
properties, very early studies have shown its pro-apoptotic 
characteristic in ovarian tissue. c-Myc is expressed in GCs 
at all stages of follicular development and in oocyte of 
primordial follicles, suggesting its role in remodeling the 
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ovarian local tissue following atresia and luteolysis (11). 
Meanwhile, the massive expression of c-Myc protein 
in GCs and theca interna of atretic follicles, as well as 
peripheral theca lutein cells implies the pro-apoptotic 
characteristic of c-Myc in ovaries (12). 

According to the previous reports, PCOS is frequently 
associated with oxidative stress. Various investigations 
have shown remarkable enhancement in circulating 
malondialdehyde (MDA) as well as significant reduction 
in serum superoxide dismutase (SOD), and glutathione 
peroxidase (GSH-px) of patients with PCOS (13, 
14). Indeed, there is a positive correlation between 
obesity, insulin resistance, hyperandrogenemia, chronic 
inflammation and oxidative stress in PCOS ovaries (15). 
Therefore, the impressively-induced oxidative stress 
is considered as a potential inducer of PCOS-related 
pathogenesis (13). 

Platelet-rich plasma (PRP) or autologous platelet gel, 
has gained high attentions in musculoskeletal medicine, 
hemostasis and wound healing, inhibiting immune 
reactions, aesthetic plastic surgery (16), spinal fusion (17) 
and heart bypass surgery (18), in addition to treatment 
of chronic skin and soft-tissue ulcers (19). α-granules of 
platelets are comprised of numerous proteins, including 
platelet-derived growth factor (PDGF), transforming 
growth factor (TGF)-β, platelet factor 4 (PF4), interleukin 
(IL)-1, platelet-derived angiogenesis factor (PDAF), 
vascular endothelial growth factor (VEGF), epidermal 
growth factor (EGF), platelet-derived endothelial growth 
factor (PDEGF), epithelial cell growth factor (ECGF) 
insulin-like growth factor (IGF), osteocalcin, osteonectin, 
fibrinogen, vitronectin, fibronectin, and  thrombospondin 
(TSP)-1 (16). Further studies have shown promoting 
effect of PRP in different therapeutic innervations (20). 

Minding the essential role of growth hormones in both 
early and late folliculogenesis and in initiating oocyte 
growth, as well as cell proliferation and inhibiting 
apoptosis (especially at later stages of development), 
this question arises what the possible effect of PRP-
related growth factors on different molecular elements 
is, in PCOS-induced ovaries. Therefore, here we aimed 
to uncover the possible ameliorative effect of PRP on 
hyperandrogenic PCOS-induced derangements in ovarian 
tissue. The possible PRP-related ameliorative effects were 
assessed in five well-established categories, including: 
i. Alterations at gonadotropins, androgens, estrogen 
and progesterone levels, ii. Changes in expression of 
Erα and Erβ (as important receptors participating in 
folliculogenesis), iii. Alteration in c-Myc expression (as 
important proto-oncogene involved in cell proliferation/
apoptosis), iv. Ovarian antioxidant status, and finally v. 
Follicular atresia and/or growth ratio.       

Materials and Methods
Chemicals and materials

Specific commercial kits were purchased for analysis 
of rat testosterone (Mybiosource, USA), androstenedione 

(Mybiosource, USA), estrogen (Bio Vender, Czech 
Republic), progesterone (Crystal Chem, USA), LH 
(Mybiosource, USA), FSH (Bio Vender, Japan). Primary 
antibodies were provided for Erα, Erβ and c-Myc (Rabbit-
Antimouse Erα, Erβ and c-Myc; Biocare, USA). Commercial 
kits for SOD and GSH-px were obtained from RANDOX 
reagents company (Germany). All other chemical agents 
were commercial products of analytical grade.

Animals, PCOS induction and experimental design
The current experimental study was performed on 

animal models. To conduct it, 30 immature (21 days 
old) female Sprague-Dawley rats were assigned into five 
groups (six rats in each group), including control (sampled 
after 30 days), PCOS-induced (sampled 15 and 30 days 
of post PCOS induction) and PRP auto-located PCOS-
induced (sampled 15 and 30 days of post PCOS induction) 
groups. The animals were given ad libitum access to 
food and water, kept at room temperature (21-23oC) on 
a 12:12 light:dark cycle. The hyperandrogenic PCOS-
like condition was induced based on the previous study 
by Honnma et al. (21). Briefly, dehydroepiandrosterone 
(DHEA, 6 mg/100 g body weight/0.2 ml sesame oil) 
was subcutaneously injected to 22 days old rats, every 
evening for 15 days. The animals in the control group 
were received 0.2 ml sesame oil every evening for the 
corresponding length of time. Extra cares were taken and 
no inflammatory reaction was observed at the injected 
site, during the trial (Fig.1). All experimental protocols 
were approved and monitored by the Ethical Committee 
in Animal Experimentation of Urmia University (Urmia, 
Iran). 

Platelet-rich plasma preparation, activation and count
To perform the experimental procedures and PRP 

preparation, the animals were anesthetized through 
intraperitoneal injection of xylazine (6 mg/kg, Trittau, 
Germany) and ketamine (70 mg/kg, Alfason-Woerden, 
Netherland). Next, the cannulation of caudal vena cava 
was submitted. 5 ml disposable syringe containing 0.35 
ml of 10% sodium citrate was used to collect 3.15 ml 
PRP of each animal. The blood samples were kept in 5 ml 
sterile silicone vacuum tubes. In order to replace the same 
amount of blood, sterile saline was immediately injected. 
PRP preparation was carried out based on the proposed 
protocol by Messora et al. (22). Briefly, the collected 
blood samples were firstly centrifuged (Beckman J-6M, 
UK) at 160 rpm, 22˚C for 20 minutes. Then, red blood 
cell component (lower fraction) and serum component, 
as an upper straw-yellow turbid fraction, were observed. 
Thereafter, a point was marked at 1.4 mm below the line 
dividing two fractions. All contents above the marked 
point were pipetted and transferred to another 5 ml vacuum 
tube. The sample was then centrifuged at 400 rpm, for 15 
minutes, resulting in two components, including platelet-
poor plasma (PPP) and PRP in the bellow part (Fig.1A, 
B). Next, similar amounts of PRP and PPP (0.35 ml) 
were pipetted and transferred to different sterile dappen 
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dishes. After that, they were activated by adding 0.05 ml 
of 10% calcium chloride solution to each 1 ml of PRP or 
PPP. Finally, the platelets were manually counted (8.08 
± 3.24×106/µl) using the Neubauer chamber, through 
Olympus optical microscope (CH-2, Japan), at ×40 
magnification objective lens.

Auto-location of platelet-rich plasma
Following PCOS induction, PRPs were collected and 

activated as previously described and subsequently 
1.00×106/µl PRPs were auto-located from each animal 
into the mesovarian enclosed to ovaries (Fig.1C). 

Histological analyses
At the end of experiment, light anesthesia was induced to 

animals using 5% ketamine (40 mg/kg) in addition to 2% 
xylazine (5 mg/kg), intraperitoneally and then euthanized 
by especial CO2 device (ADACO, Iran). Next, the ovarian 
tissues were dissected out and fixed in 10% formalin for 72 
hours.  Routine sample processing was performed using 
ascending alcohol and the samples were then embedded 
in paraffin. Thereafter, serial sections were prepared by 
rotary microtome (Leitz Wetzlar, Germany) and stained 
with hematoxylin-eosin. To perform histomorphometric 
analyses, follicles were classified to preantral and antral 
types. Follicles with intact/complete layers of GCs and 
theca cells, ordinary cytoplasm of oocyte and intact nuclei 
were considered as normal/intact follicles. Follicles with 
GC dissociation, early antrum formation, luteinized 
elongated GCs were considered as atretic types. The 
atretic preantral and antral follicles were counted in serial 
sections for each sample and compared between groups.

Analyses of RNA damage 
Darzynkiewicz method was considered to assess the 

RNA damage (23). In brief, ether alcohol was used to wash 
the ovaries and thereafter, 10 µm sections were obtained 
using cryostat microtome (Huntingdom, UK). Different 
degrees of ethanol were used to fix the sections. Next, the 
sections were rinsed in acetic acid (1%) and washed in 
distilled water. The slides were stained in acridine-orange 
(3-5 minutes) and then counterstained in phosphate buffer 
(pH=6.85, 2 minutes). Finally, the fluorescent colors 
differentiation was induced by calcium chloride. The 
follicular cells with RNA damage were characterized with 
loss and/or faint red stained RNA. The normal cells were 
marked with bright red fluorescent RNA.

Immunohistochemical staining
Tissue slides were heated at 60˚C (25 minutes) in 

a hot-air oven (Venticell, Germany). Tissue sections 
were then dewaxed in xylene (2 changes, each 
change 5 minutes) and rehydrated. Following antigen 
retrieval process (in 10 mM sodium citrate buffer), the 
immunohistochemical (IHC) staining was conducted 
based on the manufacturer’s protocol (Biocare, USA). 
Briefly, endogenous peroxidases were blocked by 
0.03% hydrogen peroxide containing sodium acid. The 
sections were washed gently and thereafter, incubated 
with Erα (1:500), Erβ (1:600) and c-Myc (1:500) 
biotinylated primary antibodies in 4oC, overnight. The 
slides were then rinsed gently with phosphate-buffered 
saline (PBS) and placed in a humidified chamber 
with a sufficient amount of streptavidin conjugated 
to horseradish peroxidase in PBS, containing an anti-
microbial agent, for 15 minutes. Next, DAB chromogen 
was used to mark target proteins. Counterstaining was 
conducted by hematoxylin. Finally, the sections were 
dipped in ammonia (0.037 ml), rinsed in distilled water 
and coverslipped. The positive immunohistochemical 
reaction was visualized as brown.

Fig.1: Summarized schematic diagram for animals platelet-rich plasma (PRP) preparation, activation, auto-location and animal grouping of the study. A. 
Blood sampling from caudal vena cava, B. PRP preparation, and C. PRP auto-location. 

A B C
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RNA isolation, cDNA synthesis and reverse 
transcription-polymerase chain reaction 

Previously collected and stored (-70˚C) ovaries were 
used for total RNA extraction, based on the standard 
TRIZOL method (24). In brief, 20-30 mg of ovarian tissue 
from individual animal of each group was homogenized 
in 1 ml of TRIZOL (Thermo Fisher Scientific, USA) and 
the colorless aqueous phase was collected. The extra care 
was taken in order to avoid genomic DNA contamination. 
The amount of total RNA was determined using nanodrop 
spectrophotometer (260 nm and A260/280 ratio=1.8-2.0), 
and thereafter the samples were stored at -70˚C. For 
reverse transcription-polymerase chain reaction (RT-
PCR), cDNA was synthesized in a 20 µl reaction mixture 
containing 1 µg total RNA, oligo (dT) primer (1 µl),  
5×reaction buffer (4 µl), RNase inhibitor (1 µl), 10 mM 
dNTP mix (2 µl), M-MuLV Reverse Transcriptase (1 µl) 
according to the manufacturer’s protocol (Fermentas, 
Germany). Cycling protocol for 20 µl reaction mix was 
performed for 5 minutes at 65˚C, followed by 60 minutes 
at 42˚C, and 5 minutes at 70˚C to terminate the reaction. 
PCR reaction was carried out in a total volume of 27 
μl containing PCR master mix (13 μl), FWD and REV 
specific primers (each 1 μl), and cDNA as a template (1.5 
μl) and nuclease free water (10.5 μl). The PCR conditions 
were run as follows: one cycle of general denaturation at 
95˚C for 3 minutes, followed by 35 cycles of 95˚C for 
20 seconds, annealing temperature (50˚C for c-Myc, 62˚C 
for Erα, 58˚C for Erβ and finally 60˚C for β-Actin) for 
60 seconds and elongation at 72˚C for 1 minute, before 
terminating cycle at 72˚C for 5 minutes (25, 26). Specific 
primers were designed and manufactured by Cinna-Gen 
company (Iran). Primers pair sequences, for individual 
genes are presented in Table 1.

Determination of ovarian TAC, MDA, SOD and GSH-
px contents

In order to analyze ovarian antioxidant capacity, the 
tissues were washed three times with 0.9% NaCl solution, 
and using Teflon-end-on homogenizator (Elvenjempotter, 

USA), each ovary tissue was homogenized in 9 ml 
of 1.15% KCl. Thereafter, the homogenates were 
centrifuged at 4000 rpm. MDA content was next 
measured based on the thiobarbituric acid (TBA) 
reaction and the sample absorbance ratios were 
measured and recorded at 532 nm (27). Ovarian 
activities of SOD and GSH-px were analyzed using 
the commercial measurement kits of RAN-SOD and 
RAN-SOL (Rodex, Germany) and the absorbance ratio 
of samples were measured and recorded at 340 nm. 
Ovarian TAC status was also evaluated based on the 
ferric reducing antioxidant power (FRAP) assay and 
the absorbance of samples was measured and recorded 
at 593 nm (28). Finally, the ovarian protein contents 
were evaluated based on the Lowry method (29).

Serum sampling and hormonal analyses
Blood sample of each animal was collected directly 

from heart and serum was separated by centrifugation 
(3000 rpm for 5 minutes). Finally, serum progesterone, 
estrogen, testosterone, androstenedione, FSH and LH 
concentrations were measured. Serum levels of the 
hormones were evaluated by ELISA method. Moreover, 
intra- and inter-assay coefficient variances of the current 
experiment were respectively estimated as 3.1, 3.9, 4.2, 
3.2 and 4.6% for testosterone, estrogen, androstenedione, 
LH and FSH  (for 10 times), as well as 7.9, 6.3, 6.7, 7.2 
and 6.3% for testosterone, estrogen, androstenedione, LH 
and FSH  (for 10 times). 

Statistical analysis and imaging 
The data were analyzed using SPSS for windows, 

version 16.0 (SPSS Inc., Chicago, IL, USA), presented as 
mean ± SD and the comparison between groups were made 
by analysis of variance (ANOVA) followed by Bonferroni 
post-hoc test. Finally, the value of P<0.05 was considered 
significant. SONY onboard camera (Zeiss, Cyber-Shot, 
Japan) was used to take photomicrographs. The pixel-
based frequency for mRNA damage was analyzed using 
Image pro-insight software (Version 9:00, USA).

Table 1: Nucleotide sequences and products size of the primers used in RT-PCR

Target genes Primer sequence (5´-3´) AT (˚C) Product size (bp)

Erα F: CCGGTCTATGGCCAGTCGAGCATC 62 380

R: GTAGAAGGCGGGAGGGCCGGTGTC

Erβ F: AGCGACCCATTGCCAATCA 58 290

R: CTGGCACAACTGCTCCCACTAA

c-Myc F: AACTTACAATCTGCGAGCCA 50 420

R: AGCAGCTCGAATTTCTTCCAGATAT

Β-Actin F: GTTACCAGGGCTGCCTTCTC 60 310

R: GGGTTTCCCGTTGATGACC

RT-PCR; Reverse transcription-polymerase chain reaction and AT; Annealing temperature.
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Results
Platelet-rich plasma diminished PCOS-induced 
follicular atresia and mRNA damage

Animals of the PCOS-sole groups exhibited pie size 
atretic/cystic follicles in the cortex of ovaries. However, 
the animals of PRP auto-located groups showed corpus 
luteom formation, representing physiologic ovulation. 
Histological observations showed that PRP decreased 
PCOS-induced follicular atresia. Accordingly, the 

animals of PRP auto-located groups exhibited remarkably 
(P<0.05) higher number of intact preantral and antral 
follicles/ovary versus non-treated PCOS-induced 
animals. Moreover, special fluorescent staining was done 
to assess PCOS-induced mRNA damage. The animals 
in PCOS-sole groups showed intensive mRNA damage. 
Meanwhile, those of PRP auto-located groups exhibited 
diminished mRNA damage in pixel based frequency 
analyses. No histopathological change was seen in the 
control group (Fig.2A-D). 

Fig.2: Cross sections from ovarian tissue and mRNA damage. A. Hematoxylin and eosin staining of ovarian cross sections in different groups; see massive 
cystic (CF) and atretic follicles distribution on the ovaries of the PCOS-sole groups. The ovaries from PRP-treated groups represent corpora lutea (CL) on the 
ovaries following 15 and 30 days, B. Fluorescent staining for RNA damage: the cross sections of PCOS-sole groups represent damaged RNA in yellowish and/or 
green fluorescent spots (arrows). Meanwhile, the sections of PRP-treated groups exhibit intact RNA in bright red fluorescent reactions (arrows), C. Pixel based 
frequency assay for bright red fluorescent reactivity (marking intact RNA content) in 209×10 µm of tissue; see diminished reactivity in the PCOS-sole groups, and 
D. Mean ± SD of intact preantral and antral follicles in different groups. Different letters represent significant differences (P<0.05) between groups (n=6). PCOS; 
Polycystic ovarian syndrome, PRP; Platelet-rich plasm, Pre-antral: a vs. b, d, e; P=0.001, a vs. c; P=0.01, b vs. c; P=0.001, b vs. d; P=0.02, b vs. e; P=0.02, c vs.  d; 
P=0.001, c vs. e; P=0.02, Antral: a vs. b, d; P=0.001, a vs. c; P=0.01, b vs. c; P=0.001, b vs. d; P=0.01  (scale bar: 300 µm).
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Platelet-rich plasma enhanced Erα and Erβ expression 

The animals of PCOS-sole groups exhibited 
diminished mRNA levels of Erα and Erβ compared to 
the control group. However, semi-quantitative RT-PCR 
analyses exhibited significant (P<0.05) enhancement 
in mRNA levels of Erα and Erβ in the PRP auto-located 
groups compared to the PCOS-sole groups. More IHC 
analyses showed similar results, representing the 
elevated number of Erα and Erβ-positive cells per 1 
mm2 of tissue in the PRP auto-located groups versus 

the PCOS-sole animals (Fig.3A-E).

Platelet-rich plasma decreased PCOS-induced c-Myc 
overexpression

The PCOS-sole animals exhibited increased expression of 
c-Myc compared to control group. Meanwhile, the animals of 
PRP auto-located groups showed diminished expression of 
c-Myc versus PCOS-sole groups. Accordingly, lower mRNA 
level and c-Myc-positive cells distribution were observed in 
PRP auto-located animals (Fig.4A-D).  

Fig.3: IHC staining and RT-PCR results for Erα and Erβ. A. See decreased Erα-positive reactions in the PCOS-sole group, while it is increased in the PRP-treated 
groups. Note the increased Erβ-positive cells in the PRP-treated group (30 days after PCOS-induction), B. Mean ± SD of Erα (a vs. b; P=0.01, a vs. c; P=0.03, b 
vs. c; P=0.03), C. Erβ-positive cells per 1 mm2 of tissue in different groups (n=6) (a vs. b, c; P=0.001), D. Electrophoresis photomicrographs of Erα and Erβ mRNA 
in different groups, and E. Density of Erα and Erβ mRNA levels in ovarian tissue, measured by densitometry and normalized to β-Actin mRNA expression level 
(a vs. b; P=0.02, a vs. c; P=0.03). Arrows are representing positive reaction for Erα and Erβ antibodies. All data are represented in mean ± SD (n=6). Different 
letters represent significant differences (P<0.05) between groups (scale bar: 300 µm). IHC; Immunohistochemical, RT-PCR; Reverse transcription-polymerase 
chain reaction, ER; Estrogen receptor, PCOS; Polycystic ovarian syndrome, CF; Cystic follicle, CL; Corpus luteum, and PRP; Platelet-rich plasma. 
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Fig.4: IHC staining and RT-PCR results for c-Myc. A. See increased c-Myc-positive cells in the PCOS-sole groups vs. the control group. PRP-treated 
sections represent reduced c-Myc-positive cells compared to the PCOS-sole groups, B. Mean ± SD of c-Myc-positive cells per 1 mm2 of tissue 
in different groups (n=6) (a vs. b; P=0.01, a vs. c; P=0.01, b vs. c; P=0.02), C. Electrophoresis photomicrographs of c-Myc mRNA in different 
groups, and D. Density of c-Myc mRNA levels in ovarian tissue, measured by densitometry and normalized to β-Actin mRNA expression level (a 
vs. b, c; P=0.01, b vs. c; P=0.01). Arrows are representing positive reaction for c-Myc antibody. All data are represented in mean ± SD (n=6). Different 
letters represent significant differences (P<0.05) between groups (scale bar: 300 µm). IHC; Immunohistochemical, RT-PCR; Reverse transcription-
polymerase chain reaction, PCOS; Polycystic ovarian syndrome, and PRP; Platelet-rich plasma. 
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Platelet-rich plasma enhanced ovarian antioxidant 
status

To estimate the ovarian antioxidant potential, TAC, 
MDA, SOD and CSG-px levels were analyzed. 
Observations showed significant (P<0.05) reduction in 
TAC, SOD and GSH-px levels of ovaries in the PCOS-
sole group versus the control animals, while, ovarian 
MDA content was increased in the PCOS-sole groups 
compared to the control group. In contrast, those animals 
in the PRP auto-located groups exhibited remarkable 
(P<0.05) reduction in MDA content and significant 
(P<0.05) enhancement in TAC, SOD and GSH-px levels 
versus the PCOS-sole group. The data for antioxidant 

profile are presented in Table 2. 

Platelet-rich plasma ameliorated PCOS-induced 
hormonal imbalance
The PCOS-sole animal groups showed increased serum 
levels of FSH, LH, testosterone and androstenedione as 
well as diminished levels of estrogen and progesterone 
compared to control group. However, the animals of PRP 
auto-located groups exhibited diminished serum levels of 
FSH, LH, testosterone and androstenedione. Moreover, 
serum estrogen and progesterone levels were increased in 
the PRP auto-located groups in comparison to the PCOS-
sole animals (P<0.05). The data for hormonal profile are 
presented in Table 3.
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 Table 2: Serum hormone levels in different groups

Groups Estrogen (pg/ml) Progesterone (pg/ml) Testosterone (ng/ml) Androstenedione (ng/ml) FSH (ng/ml) LH (ng/ml)

Control 72.25 ± 19.00a 66.90 ± 4.33a 0.68 ± 0.34a 0.44 ± 0.07a 1.24 ± 0.12a 0.75 ± 0.10a

PCOS-15 D 20.33 ± 7.50b 12.90 ± 2.10b 2.21 ± 0.62b 0.93 ± 0.08b 2.45 ± 0.51b 1.81 ± 0.51b

PRP-treated 15 D 48.64 ± 5.68c 60.45 ± 8.91a 0.72 ± 0.22a 0.48 ± 0.13a 1.28 ± 0.09a 1.02 ± 0.26a

PCOS-30 D 21.37 ± 6.99b 10.77 ± 1.45b 1.67 ± 0.56b 1.14 ± 0.19b 2.84 ± 0.43b 1.94 ± 0.34b

PRP-treated 30 D 56.37 ± 3.21c 64.33 ± 6.41a 0.64 ± 0.16a 0.54 ± 0.10a 1.23 ± 0.11a 0.88 ± 0.10a

Data are presented as mean ± SD. Different letters represent significant differences (P<0.05) between data in the same row (n=6). 15 D; 15 days after 
PCOS-induction, 30 D; 30 days following PCOS-induction, FSH; Follicle stimulating hormone, LH; Luteinizing hormone, PCOS; Polycystic ovarian syndrome, 
and PRP; Platelet-rich plasma.

Table 3: Antioxidant profiles of ovarian tissue in different groups

Groups TAC (mMol/mg protein) MDA (mMol/mg protein) SOD (U/ml) GSH-px (U/ml)

Control 1.77 ± 0.43a 0.85 ± 0.10a 126.66 ± 7.35a 120.00 ± 21.01a

PCOS-15 D 0.45 ± 0.01b 2.66 ± 0.34b 37.66 ± 16.25b 63.10 ± 14.21b

PRP-treated 15 D 0.94 ± 0.05c 2.18 ± 0.06c 93.33 ± 7.02c 115.74 ± 21.37a

PCOS-30 D 0.59 ± 0.02d 3.77 ± 0.29d 34.00 ± 9.64b 51.44 ± 4.25b

PRP-treated 30 D 1.26 ± 0.06e 1.12 ± 0.150a,c 96.34 ± 8.34c 116.73 ± 14.37a

Data are presented as mean ± SD. Different letters represent significant differences (P<0.05) between data in the same row (n=6). 15 D; 15 days after 
PCOS-induction, 30 D; 30 days following PCOS-induction, TAC; Total antioxidant capacity, MDA; Malondialdehyde, SOD; Superoxide dismutase, GSH-px; 
Glutathione peroxidase, PCOS; Polycystic ovarian syndrome, and PRP; Platelet-rich plasma.

Discussion
Considering cross-links between oxidative stress, 

hyperandrogenemia, insulin resistance and PCOS, the 
present study was performed to uncover the ameliorative 
role of PRP against PCOS-induced/related pathogenesis 
in animal models. Our findings showed that, auto-locating 
PRP significantly improved ovarian antioxidant status, 
down-regulated androgen synthesis and up-regulated 
follicular survival as well as ovulation. Moreover serum 
estrogen level and expression of Erα and Erβ, as important 
elements in follicular growth/atresia, were evaluated 
after PRP auto-location. Observations revealed that PRP 
significantly enhanced serum estrogen and progesterone 
levels and up-regulated ERs expression. Finally, 
considering the prooven pro-apoptotic role of c-Myc in 
theca interna of atretic follicles, as well as peripheral theca 
lutein cells, c-Myc mRNA level and c-Myc-positive cells 
distribution/1 mm2 of ovarian tissue were evaluated. The 
PRP auto-located groups showed a remarkable reduction 
in c-Myc expression versus PCOS-sole animals. 

It has been well-established that in majority of cases 
(especially in the models with hyperandrogenemia), 
PCOS associates with insulin resistance and severe 
oxidative stress (30, 31). To understand the subject, it 
should be noted that hyperglycemia and higher levels 
of free fatty acid following insulin resistance initiate the 

oxidative stress by producing higher amounts of free 
radicals (32). On the other hand, positive correlation 
between oxidative stress and elevated androgen levels 
has been discovered in PCOS (33). Minding the androgen 
boosting effect of free radicals (34) as well as ameliorative 
effect of PRP on hyperandrogenemia and oxidative stress, 
serum androgen levels and ovarian antioxidant status 
were analyzed. Our findings showed that auto-locating 
PRP significantly diminished serum testosterone and 
androstenedione levels, improved ovarian TAC level and 
diminished lipid peroxidation ratio. On the other hand, 
any reduction in tissue levels of antioxidant enzymes, 
including SOD, GSH-px and catalase has been reported 
to initiate and promote oxidative stress in ovarian tissue 
(35). To show alterations, we assessed tissue levels of 
SOD and GSH-px. Observations revealed that PRP 
significantly enhanced PCOS-reduced GSH-px and SOD 
levels. Based on biochemical results, PRP could fairly 
up-regulate the ovarian GSH-px and SOD levels. Indeed, 
pathologically-produced oxidative stress results in severe 
damages at cellular levels of DNA, RNA, protein and lipid 
(36). Thus, we assessed RNA damage and MDA levels 
as biomarkers for oxidative stress-induced damages. 
Based on biochemical findings, PRP auto-location 
significantly diminished mRNA damage and reduced 
ovarian MDA content. Taking all these findings together, 
we can suggest that PRP induces antiandrogenic and 
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antioxidant effects, at least in the case of experimentally-
induced hyperandrogenic PCOS. In line with this issue 
and considering the boosting effect of antioxidants on 
meaningful follicular growth, the complementary and 
antioxidant chemicals are lastly used to manage/reduce 
the PCOS-induced pathogenesis. Consistently, various 
studies showed that administrating antioxidant agents 
are able to potentially improve insulin sensitivity and 
enhance the ovarian antioxidant potential in women with 
PCOS (37, 38).

PCOS up-regulates serum gonadotropin levels and 
significantly diminishes the estrogen and progesterone 
synthesis versus control animals and/or fertile women (4). 
In corroboration with those reports, the animals in PCOS-
sole groups showed higher serum LH and FSH levels, in 
addition to lower levels of estrogen and progesterone versus 
the control group. In contrast, PRP auto-location reversed 
the condition by reducing serum LH and FSH levels, and 
up-regulating estrogen and progesterone concentrations.  
In line with this, it has been illustrated that estrogen inflicts 
the GC proliferation, oocyte development, maintains the 
follicular survival (from atresia), promotes the ovarian 
angiogenesis (8, 9) and finally by binding to its nuclear 
receptor (Erα and Erβ) stimulates various growth factors 
secretion, such as IGF and EGF, resulting in follicular 
survival (14). However, any reduction in Erα expression 
results in a failed follicular maturation and/or ovulation 
and hemorrhagic cysts formation. In addition, the failed 
Erβ expression leads to chronic anovulation (8). Thus, we 
can suggest that diminished estrogen secretion in PCOS-
sole groups impressively inflicted follicular atresia, which 
ultimately resulted in an impaired ovulation. Considering 
significant up-regulation of follicular growth as well 
as diminished atresia in PRP auto-located groups, we 
can suggest that PRP improves follicular growth by up-
regulating the estrogen secretion and enhancing the Erα 
and Erβ expressions. Aside these hypotheses, it should 
be considered that PRP, by preserving the gonadotropins 
secretion, might restore the ovarian-hypophysis hormonal 
disruption and, by up-regulating the estrogen synthesis, 
promoted follicular cells proliferation and oocyte 
development. All of these evidences thereafter promote 
follicular growth and accelerate successful ovulation 
(marked with increased corpora lutea generation and 
progesterone level in PRP auto-located groups). The role 
of growth hormones in early (FSH-independent follicular 
development) and late (cell proliferation and inhibiting 
apoptosis) folliculogenesis should not be ignored (39). As 
PRP potentially contains several growth factors, it would 
be more logic to suggest that the ameliorative effect of 
PRP may partially depend on several growth hormones, 
which could be assessable in ovaries following PRP auto-
location.  

Massive expression of c-Myc protein in GCs, theca 
interna of atretic follicles and peripheral theca lutein cells 
confirm the c-Myc-induced pro-apoptotic characteristic 
(11). Our RT-PCR and IHC analyses showed increased 
c-Myc expression in PCOS-sole groups versus control 

animals. However, the animal of PRP auto-located groups 
exhibited a diminished expression of c-Myc. In order to 
understand the subject, contrary roles of c-Myc should 
be highlighted. Indeed, c-Myc, under certain conditions, 
exerts completely opposite features. Accordingly, 
the estrogen (at physiologic levels) by targeting the 
ERs (especially Erα), stimulates the follicular growth 
through induction of G1- to S-phase transition. Actually, 
current induction is mainly associated with rapid and 
direct up-regulation of c-Myc, controlling cyclin D1 
expression, cyclin-dependent kinase (CDK) activation 
and phosphorylation of retinoblastoma proteins (40). 
In contrast, c-Myc overexpression and/or inappropriate 
expression is sufficient to induce/promote apoptosis 
in GCs, theca interna of atretic follicles and peripheral 
theca lutein cells (10, 11). All of these evidences inflict 
atresia. Taking all together, we can conclude that 
diminished estrogen synthesis, associated with decreased 
expression of ERs in PCOS-sole groups, may trigger 
c-Myc overexpression, leading to impressive apoptosis at 
follicular level. However, ameliorated estrogen synthesis 
and up-regulated ERs expression in PRP-auto-located 
groups could fairly adjust the PCOS-increased c-Myc 
level. Diminished follicular atresia in PRP auto-located 
groups confirms this hypothesis. 

Although ameliorated follicular growth, enhanced 
ovulation ratio (marked with higher corpora lutes), up-
regulated antioxidant status and balanced hormonal 
levels are illustrated in the current study, there are some 
limitations in this study -including sample size in terms 
of quantity, focusing on aromatization, angiogenesis and 
insulin resistance of animals- which should be considered 
in the future studies.   

Conclusion
Our preliminary data showed that auto-locating 

PRP fairly ameliorates PCOS-induced pathogenesis. 
Accordingly, it is able to suppress androgen over-
synthesis and ameliorate hormonal imbalance, in addition 
to improvement of ovarian antioxidant status as well 
as inhibiting c-Myc overexpression. It can ultimately 
enhance ovulation ratio. Considering these findings and 
minding high amounts of different growth factors in PRP, 
auto-location of this factor could be considered as a new 
method for PCOS subjects. 
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Abstract
Objective: The presence of a sex related metabolic difference in glucose utilization and, on the other hand, different 
developmental kinetic rates in human preimplantation embryos, has been previously observed, however, the correlation 
between these two events is unknown. Oxidative stress (OS) induced by higher glucose consumption appears to be a possible 
cause for the delayed development rate in female embryos. We examined the correlation between glucose consumption and 
total antioxidant capacity (TAC) concentration in individual embryo culture media for both male and female embryos.  
Materials and Methods: In this cross-sectional study, we evaluated high quality embryos from 51 patients that underwent 
intracytoplasmic sperm injection (ICSI) and preimplantation genetic diagnosis (PGD) at the Royan Institute between December 
2014 and September 2017. The embryos were individually cultured in G-2TM medium droplets at days 3-5 or 48 hours post 
PGD. We analysed the spent culture media following embryo transfer for total antioxidant capacity (TAC) and any remaining 
glucose concentrations through fluorometric measurement by chemiluminecence system which indirectly was used for 
measurement of glucose consumed by embryos.           
Results: The results showed that female embryos consumed more glucose which was associated with decreased TAC 
concentration in their culture medium compared to male embryos. The mean of glucose concentration consumed by 
the female embryos (30.7 ± 4.7 pmol/embryo/hour) was significantly higher than that of the male embryos (25.3 ± 3.3 
pmol/embryo/hour) (P<0.001). There were significantly lower levels of TAC in the surrounding culture medium of female 
embryos (22.60 ± 0.19 nmol/µl) compared with male embryos (24.74 ± 0.27 nmol/µl, P<0.01).                  
Conclusion: This finding highlighted the utilization of sex dependent metabolic diversity between preimplantation embryos 
for non-invasive sex diagnosis and suggests the TAC concentration as a potential noninvasive biomarker for prediction of sex.

Keywords: Antioxidant, Culture Medium, Glucose, Human Embryo, Sexuality
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Introduction

Throughout the past few decades, preimplantation 
embryo physiology and its related technologies 
(proteomics and metabolomics) have been employed 
with multiple purposes. Better recognition of embryo 
properties, improvement of embryo culture media, and 
selection of the most viable embryos for transfer via 
in vitro fertilization/intracytoplasmic sperm injection 
(IVF/ICSI) cycles are the most important goals (1, 2). 
Assessment of embryo metabolism has been suggested 
recently for diagnosis of sex related differences between 
preimplantation embryos. These differences are 
attributed to different X chromosome content among 
males and females during the finite period-between 
embryonic genome activation and excess X chromosome 
inactivation (3). During this period, the presence of two 
transcriptionally active X chromosomes in females forms 
the basis for the different proteome and physiologies 

between males and females (4). These differences can lead 
to sex dimorphism including different concentrations of 
X-linked enzymes that are primarily involved in nutrient 
utilization and energy metabolism (5). There are numerous 
reports about the feasibility for assessing these metabolic 
differences in embryonic culture media without the need 
for embryo manipulation and increased time expenditure 
(4, 5) and in the future this rapid, non-invasive approach, 
may be able to replace preimplantation genetic diagnosis 
(PGD) which involves the biopsy of a blastomere at the 
cleavage/blastocyst stage followed by the identification 
of the sex chromosomes. PGD is considered an invasive, 
time consuming technique for sex identification in 
preimplantation human embryos prior to their transfer 
to the uterus (4). In order to quantify such physiological 
differences, we can analyze the X chromosome dependent 
events in embryo blastomeres. Based on possible data 
analysis, it may be feasible to predict an embryo’s sex 
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without the use of PGD. Among the various metabolites, 
more attention has been paid to glucose which presents 
at high concentrations in the female reproductive tract 
during early embryo development. It has been suggested 
that glucose has a greater relationship with embryo sex 
compared to other metabolites (6). Previous reports 
discussed the different schema of glucose utilization 
between male and female preimplantation embryos (4). 
Initial studies reported increased glucose and pyruvate 
uptake by male embryos compared to females (7), whereas 
more recent studies reported increased glucose uptake by 
female embryos (5, 6).

The rate of glucose metabolism may change due to 
X-choromosome dosage mainly because the Glucose 
-6- phosphate dehydrogenase (G6PD), that catalyzes the 
principal glucose metabolism pathway (pentose phosphate 
pathway, PPP), is encoded by X-chromosome, and this 
double concentration in female blastocysts compared 
to male blastocysts (8). On the other hand, a slower 
development rate of female preimplantation embryos in 
the in vitro culture (IVC) has been frequently observed 
(9, 10). According to these studies, delays in development 
have shown significant correlation with increased glucose 
consumption (6). Further glucose consumption and 
hyperglycemia are commonly associated with reduced 
or delayed blastocyst formation (11), lower implantation 
rate (12), reduced live birth rate, and decreased fertility 
due to induction of metabolic disorders (13).

Several mechanisms proposed for such disorders 
attributed to high glucose consumption include increased 
cell apoptosis, glucose transport perturbation, and 
mitochondrial dysfunction (6), all of which may induce 
oxidative stress (OS) followed by increased reactive 
oxygen species (ROS) production (14). However, although 
female embryos experience a slower rate of development 
along with increased glucose consumption compared to 
male embryos, the correlation of the sex related glucose 
consumption with induced OS in culture medium that 
surrounds the embryo is unknown. Therefore, the present 
study is the first to investigate the relationship between 
glucose uptake on days 4 and 5 by individually cultured 
human embryos and the total antioxidant capacity (TAC) 
concentrations in their culture mediums and applying it to 
predict embryo sex. 

Materials and Methods
Participants

This cross-sectional study included 60 cleavage-stage 
embryos from 51 fertile couples at the Royan Institute, 
Tehran, Iran, between December 2014 and September 
2017. All 51 couples signed a written informed consent 
for the collection of residue embryo culture media after 
embryo transfer. For each couple prior to starting the 
treatment, a comprehensive counseling was provided by 
a reproductive endocrinologist and clinical geneticist. 
Thirty eight embryos from 30 women referred to Royan 
Institute for ICSI-PGD as an indication for the risk of sex 
linked diseases, and 22 embryos from 13 patients that 

underwent ICSI-PGD because of sex selection decision 
for family balancing (i.e., for patients who already had 
at least two children of one sex and desired a child of the 
other sex). 

We performed ICSI in order to achieve high fertilization 
rates in included patients and prevent the formation of 
sperm bound to the zona pellucida during the blastomere 
biopsy. The local Ethics Committee of Royan Institute 
granted approval for this study (reference number: 
EC/91/1033). All data were collected following patient 
informed consent and protection of patient confidentiality. 
Throughout the duration of this study, all gamete and 
embryo culture media and handling protocols, as well as 
embryology lab staff remained constant. 

Ovarian hyperstimulation
Patients included in this study underwent standard 

controlled ovarian stimulation that consisted of 
suppression of pituitary gonadotropin secretion by 
subcutaneous injection (500 mg/d) of the gonadotropin 
releasing hormone (GnRH) agonist, buserelin acetate 
(Suprefact, Hoechst AG, Germany). Patients received these 
injections during the mid-luteal phase of the preceding 
ovarian cycle (day 21). We conducted this study from 
August 2014 to September 2015 at the Royan Institute’s 
Assisted Conception Unit. Once ovarian suppression 
was confirmed, ovarian stimulation was initiated with 
recombinant follicle stimulating hormone (FSH, Gonal 
F, SC injection, 150 IU/d, Serono, Switzerland). When 
the average diameter of at least three follicles reached 18 
mm, each patient received a single injection of human 
chorionic gonadotropin (hCG) (10000 IU, Pregnyl, 
Organon, Netherlands). Oocyte collection was performed 
by standard ultrasound guided follicular puncture at 36 
hours after the hCG trigger.

Intracytoplasmic sperm injection and embryo culture
At 1 hour after oocyte retrieval, we selected 

morphologically ideal oocytes for ICSI. Oocytes were 
maintained in G-IVFTM medium (Vitrolife, Sweden) for 
approximately 2 hours before ICSI. The spermatozoa 
were prepared using density gradient centrifugation 
(AllGrad®, LifeGlobal, US). For ICSI, the oocytes were 
initially incubated in 80 IU/ml hyaluronidase for less than 
30 seconds and cumulus cells were stripped off the oocyte 
by gentle pipetting. Fertilization was confirmed at 16 to 
17 hours after ICSI, by the presence of two pronuclei and 
a second polar body. Zygotes were placed individually 
in 20 μl fresh G-1TM medium (Vitrolife) supplemented 
with 10% recombinant human serum albumin (HSA-
solutionTM, Vitrolife) under oil (OVOILTM, Vitrolife) for 
a 48 hours culture. 

Embryo biopsy and preimplantation genetic diagnosis
Embryo biopsy was performed on day 3 after fertilization. 

Embryos of Grade A, B or C, that had >6 cells and <20% 
fragmentation were biopsied. For each selected embryo 
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the blastomeres were checked for the presence of 
nuclei. Each embryo was placed in a droplet of Ca2+- 
and Mg2+-free medium (G-PGDTM,  Vitrolife) and the 
zona pellucida was perforated using a Nikon TE300 
inverted microscope (Nikon, Japan) equipped with a 
zona infrared laser optical system (ZILOS, Hamilton-
Thorn, Beverg, MA) with a 1.48-mm infrared diode 
laser beam. One blastomere was gently aspirated with 
an aspiration pipette (± 35 μm outer diameter) and 
individually fixed under an inverted microscope. Sex 
chromosomes were assessed as previously described 
(15). We used DNA probes for chromosomes X and 
Y (Vysis, Abottmol, USA) for PGD analysis of the 
cells. The probe for the X chromosome was labeled 
with spectrum aqua and for the Y chromosome the 
probe was labeled with spectrum green which resulted 
in blue and green fluorescence, respectively. After the 
biopsy on day 3, embryos were individually cultured 
in 20 µl of G-2TM medium (Vitrolife)  supplemented 
with 10% HSA until sex determination and transfer to 
uterus on day 5 (120 hours after fertilization).

Measurement of glucose and total antioxidant capacity 
concentrations

To evaluation of sex related differences in glucose and 
TAC concentrations between male and females embryos, 
remaining 20 µl embryo culture media (10 µl for each 
variable) from all 48 hours cultured embryos (days 3 to 5 
between embryo biopsy and embryo transfer) were used 
after transfer of embryos. 

At the time of culture media evaluation, the embryo 
sexuality was unknown because the researcher was not 
informed from the sex determination results specified by 
PGD. Concentration analysis was based on fluorometric 
measurement of any remaining glucose using a 
chemiluminecence system (SynergyTM H4 Hybrid Multi-
Mode Microplate Reader, Biotek, USA, Ex/Em=535/587 
nm) and a glucose assay kit (K618-100, Biovision) which 
can detect 10 pmol to 10 nmol glucose per assay. 

TAC concentration was evaluated via colorimetric 
measurement  giving a broad absorbance peak around 
570 nm and a TAC assay Kit (K274-100, Biovision, 
USA) which its detection limit is approximately 0.1 
nmol per well (or 1 μM) of Trolox or TAC. Since  the 
direct evaluation of glucose consumption by embryo 
is possible only through invasive techniques such as 
radioimmunoassay, in a non-invasive approach, we 
measured the amount of glucose consumed by the 
embryos through considering the glucose concentration 
that remained in culture medium after the 48 h culture 
period as well as concentration of glucose in the 
medium at the start of the incubation period (control), 
volume of individual embryo surrounded culture 
medium (20 µl) and the number of hours of embryo 
incubation (48 hours). In this way, for control and 
each embryo sample, the volume of culture medium 
multiplied by measured glucose concentration and the 
difference between the two time points (i.e. at the start 

of embryo incubation and 48 hours after incubation) 
was the number of pmols consumed by the embryo 
during the incubation. Then we divided this by the 
number of hours of incubation and final values were 
obtained in pmol/embryo/hours. accordingly our 
proposed formula for non-invasive measurement of 
glucose uptake by each embryo is as fallows; 

[G]e =  ([G] 48h×V)-([G] 0×V))/h

Glucose concentration consumed per embryo (pmol/
embryo/hour): [G]e
Volume of culture medium (microliters): V
Glucose concentration at incubation time zero: [G]0 
Glucose concentration at the end of incubation time (48 
hours): [G]48h 
 Incubation time duration (hours): h

Statistical analysis
Comparison of quantitative variables (TAC and 

glucose concentrations) between the male and female 
groups was performed by the student’s t test for 
independent samples in normally distributed data, as 
assessed by the Kolmogorov-Smirnov test. P<0.01 
was considered statistically significant. All data were 
expressed as mean ±  standard error (SE). The statistical 
analysis was carried out using SPSS version 16 (SPSS 
Inc., Chicago, IL, USA). 

Results
Table 1 shows the demographic characteristics of 

participants. We observed significantly higher glucose 
consumption by female embryos during the 48 hours 
embryo culture compared to the male embryos. The 
mean of glucose concentration consumed by the female 
embryos (30.7 ± 4.7 pmol/embryo/hour) was significantly 
higher than that of the male embryos (25.3 ± 3.3 pmol/
embryo/hour, P<0.001, Fig.1).

Table 1: Demographic and clinical characteristics of patients

Included women 
characteristic

Male embryos Female embryos 

The relevant patient number 27 24

Women age mean (Y)
 (range)

33.7 ± 1.1
(23-38)

34.1 ± 0.9
(24-38)

FSH levels at baseline (IU/l) 7.2 ± 1.8 7.5 ± 2.1

Mean anti-mullerian 
hormone levels at baseline 
(μg/l)

1.8 ± 1.4 1.9 ± 1.2

Total assessed embryos in 
each group

30 30

 
Data rare presented as mean ± SE or n. FSH; Follicle stimulating hormone.
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Fig.1: Total antioxidant capacity (TAC) concentration in individual culture 
media droplets after 48 hours culture of human post compaction embryos. 
**; Significant difference from female embryos (P<0.001).

Assessment of TAC concentration in the individual 
embryo culture medium in terms of sex and glucose 
consumption showed an indirect association between 
glucose utilization and TAC concentration. There were 
significantly lower levels of TAC in the surrounding 
culture medium of female embryos (22.60 ± 0.19 nmol/
µl) compared with male embryos (24.74 ± 0.27 nmol/µl, 
P<0.01, Fig.2).

Fig.2: The median glucose concentration consumed by embryo per hour 
(pmol/embryo/hour). **; Significant difference from female embryos 
(P<0.001).

Discussion
Our results indicated significantly more glucose 

consumption by female embryos on days 4 and 5 of 
preimplantation development compared to male embryos. 
This increased consumption in female embryos was 
concomitant with significantly lower TAC concentration 
in their surrounding culture medium compared with male 
embryos.

Animal (4) and human (16) studies previously reported 

the sex related pattern of glucose consumption in 
preimplantation embryos. On the other hand, other studies 
reported varying developmental kinetic rates between 
male and female embryos. Female embryos experienced 
slower development rates, which was probably due to 
increased glucose uptake (17). 

It seems that differential expression of X-chromosome 
linked genes involved in glucose metabolism, such as 
SOX, MnSOD, BAX and most importantly G6PD which 
suggest to be stress inducing factor and is significantly 
higher in female embryos than males, is the cause for the 
observed difference in developmental kinetic rate between 
male and female (18). Researchers proposed that OS 
induction followed by generation of ROS was the probable 
mediator between slow development rate and high glucose 
metabolism (19). Impaired glucose metabolism as seen in 
diabetes could lead to decreased superoxide dismutase 
(SOD) and glutathione S transferase (GST) expression 
as important antioxidant enzymes (20). Induced OS 
might alter the cell signaling pattern and metabolism 
(21). OS could affect the genome and epigenome in the 
form of DNA, RNA, proteins and microRNAs. The slow 
developmental kinetic rate of female embryos in the 
presence of OS was not the result of mitosis reduction. 
Rather, the impaired proportion of blastocyst inner cell 
mass (ICM) reduction in favor of trophectoderm (TE) 
enhancement could be a possible cause (22).

ROS generation, which is one main feature of aerobic 
metabolism and mitochondrial oxidative phosphorylation, 
originates from various sources both inside the embryo 
as well as the embryo’s surrounding medium. In the 
embryo, reductions in mitochondrial oxygen generate 
ROS via multiple enzymatic mechanisms during normal 
metabolism; this increasing concentration of ROS can 
activate the antioxidant defense mechanism (21).

Cleaving embryos before compaction utilize lactate and 
pyrovate during glycolysis as an anaerobic metabolism, 
therefore the production of ROS could be minimize, 
whereas glucose consumption around the time of 
compaction employed the oxidative phosphorylation 
which could lead to increased production of ROS due 
to aerobic metabolism of glucose (5). Under such 
circumstances the antioxidant defense system would 
protect cells from damage until the over production of 
ROS overcome the antioxidant defense.

The counteractive antioxidant system is linked both 
to extra and intra embryonic circumstances. Extra 
embryonic conditions present as non-enzymatic 
antioxidants in follicular and tubal fluids, as well as the 
embryo culture medium. Intra embryonic protection 
is mainly comprised of enzymatic antioxidants (22).  
In the IVC systems as with in vivo media, the redox 
potential of antioxidant compounds that have ROS 
trapping ability is very important. A major antioxidant 
compound of embryo culture media is EDTA, a metal 
chelator, which is supposed to inhibit both enzymatic and 
non-enzymatic oxidation. Another known antioxidant 
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compound in culture media, albumin, contains proxy-
absorbing potency that can trap ROS. However, culture 
media are closed systems unlike dynamic systems such 
as tubal and follicular fluids present in the female genital 
tract  which can exchange antioxidant compounds with 
cells (23). In this environment, progressive production of 
ROS results from increasing oxidative phosphorylation; 
glucose metabolism may induce OS which can lead to 
subsequent damage. Antioxidants inhibit oxidation of 
macromolecules via ROS removal; in this way they are 
subjected to oxidation (24) and concentration decline. 

Our data showed significantly less TAC concentration 
in the culture media at 48 h post-compaction of the female 
embryo culture along with increased glucose utilization 
compared to male embryos. We could not measure the 
ROS content of the culture medium droplet because of the 
inadequate sample size (20 µl) which was not sufficient 
for simultaneous determination of glucose, TAC and ROS. 
However, previous reports of increased ROS production 
attributed to further glucose metabolism indicated that 
the higher amount of ROS seen in the female embryo 
culture medium was not out of context. Therefore, we 
analyzed the antioxidant status of the remaining medium 
that surrounded the embryo in order to assess OS, for the 
first time, with regards to glucose uptake and embryo 
sexuality. 

In this study, for the first time the glucose consumption 
by individual embryos was evaluated indirectly and non-
invasively through measuring the remnant glucose in 
culture medium after embryo incubation period. In this 
way, the embryos remain intact; therefore this technique 
can be used for similar purposes in the clinic. However, 
due to the limited, closed condition of culture systems, 
OS induction is unavoidable. On the other hand, addition 
of antioxidant compounds must be logical and based on 
accurate observations because of the toxicity of excess 
chemical compounds and antioxidants. However, we have 
evaluated a relatively small number of embryos because 
of the limitations in patient inclusion criteria and the use 
of only one ART center for sample collection. 

Conclusion
The results of this study could be of benefit in two 

areas-first, these results might improve knowledge of sex 
related metabolic differences and modification of embryo 
culture mediums based on embryo requirements. Second, 
such information following other related observations 
could be used for non-invasive recognition of embryo 
gender before transfer in IVF/ICSI cycles. 

In this study, we did not predict the embryo sexuality 
before PGD, but we presented the potential variable 
that its value was significantly associated with embryo 
sex determined previously by PGD. We suggest that 
considering such metabolic variables can help us in 
noninvasive prediction of pre-implantation human 
embryo sex. However to confirm our findings as well 
as other observations from similar studies, it would be 

necessary to design detailed studies with higher numbers 
of samples. 
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Abstract
Objective: Ex vivo expansion is a promising strategy to overcome the low number of human umbilical cord blood 
hematopoietic stem cells (hUCB-HSCs). Although based on the obtained results in unnatural physiological condition of 
irradiated genetically immune-deficient mouse models, there has always been concern that the expanded cells have 
less engraftment potential. The purpose of this study was to investigate effect of common ex vivo expansion method on 
engraftment potential of hUCB-mononuclear cells (MNCs), using normal fetal mouse, as a model with more similarity 
to human physiological conditions.
Materials and Methods: In this experimental study, briefly, isolated hUCB-MNCs were cultured in common expansion 
medium containing stem cell factor, Flt3 ligand and thrombopoietin. The unexpanded and expanded cells were 
transplanted to the fetal mice on gestational days of 11.5-13.5. After administration of human hematopoiesis growth 
factors (hHGFs), presence of human CD45+ cells, in the peripheral blood of recipients, was assessed at various time 
points after transplantation.           
Results: The expanded MNCs showed 32-fold increase in the expression of CD34+38- phenotype and about 3-fold 
higher clonogenic potential as compared to the uncultured cells. Four weeks after transplantation, 73% (19/26) of 
expanded-cell recipients and 35% (7/20) of unexpanded-cell recipients were found to be successfully engrafted with 
human CD45+ cells. The engraftment level of expanded MNCs was significantly (1.8-fold) higher than unexpanded 
cells. After hHGFs administration, the level was increased to 3.2, 3.8 and 2.6-fold at respectively 8, 12, and 16 weeks 
of post transplantation. The increased expression of CXCR4 protein in expanded MNCs is a likely explanation for the 
present findings.                  
Conclusion: The presented data showed that expanded MNCs compared to unexpended cells are capable of more 
rapid and higher short-term engraftment in normal fetal mouse. It could also be suggested that in utero transplantation 
(IUT) of normal fetal mice could be an appropriate substitute for NOD/SCID mice in xenotransplantation studies.
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Introduction
Hematopoietic stem cells (HSCs) are multi-potent 

progenitor cells having the ability of both multi-lineage 
differentiation and long-term self-renewal (1). A single 
HSC can repopulate the entire hematopoietic system. 
Therefore, over the last six decades, HSC transplantation 
has been widely used to treat various hematological 
disorders and malignancies (2, 3). Although human 
umbilical cord blood (hUCB) is an invaluable source of 
HSCs for cell therapy, the limited cell dosage of HSCs in 
a cord blood (CB) unit results in delayed post-transplant 
hematologic recovery. So, CB transplantation has mostly 
been limited to pediatric or adults with low body weight 
(4). Although, ex vivo expansion is the most promising 
strategy for overcoming the limited number of hUCB-
HSCs, there is always a concern that expanded HSCs have 
less potency for hematopoiesis and engraftment compared 
to unexpanded ones (5). Therefore, the efficacy and safety 

of expanded cells must clearly be evaluated before use in 
clinic.

So far, significant advances in our understanding about 
the in vivo functions of human HSCs have resulted from 
development of severely immune-deficient models such as 
non-obese diabetic/severe combined immunodeficiency 
(NOD/SCID), NOD/SCID/gamma (NSG) and nude 
mice (6, 7). Most of these immune-deficient mice have 
short lifespan with difficult breeding performance and 
their husbandry requires specific pathogen-free (SPF) 
environment (8). Moreover, due to the lack of appropriate 
human immune cells traffic as well as lack of completely 
normal physiological environment, the derived data from 
such mice cannot be considered as a precise reflection 
from the real situation in our body. On the other hand, in 
these models, the engraftment level of human adult stem 
cells in the most organs other than hematopoietic system 
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is very low (9). Because of the drawbacks associated with 
abnormal physiological condition of the models, there is 
considerable skepticism about the obtained results from 
such mice. So, there is still a need to find an animal model 
with more similarity to the in vivo environment of human 
body which can also be accessible for all laboratories, 
especially for whom with limited animal facilities.

In the last two decades, for allo- or xeno-transplantation 
studies, in utero transplantation (IUT) model of various 
animal fetuses such as mice (10), dogs (11), pigs (12), 
monkeys (13) and sheep (14) have alternatively been 
used to the genetically immune-deficient mice. For 
example, using a sheep IUT assay, it has been shown that 
a non-integrating and non-replicating Sendai virus vector 
expressing HoxB4 gene can efficiently enhance the ex 
vivo expansion of hUCB-CD34+ cells (15). Furthermore, 
it has been demonstrated that treatment of pregnant sheep 
by busulfan (a myeloablative agent), 6 days before IUT, 
could improve engraftment level of human cells (16). In 
IUT model, before immunologic maturity of the fetus 
(when chimerism and donor-specific immune tolerance 
can be created), allo- or xeno-geneic cells intrauterine 
transplantation is performed. Since there is no need to 
use myeloablative drugs or irradiation, immature pre-
immune fetuses of animals could be an ideal, inexpensive 
and powerful models for biomedical research. In addition 
to its use for study basic questions in developmental and 
stem cell biological approaches, IUT of foreign progenitor 
or stem cells to the unborn fetus has potential to treat and 
ideally cure a number of congenital hematologic and non-
hematologic disorders, prior to birth (17-19).

Although large animals allow long-term and higher 
level of donor cell engraftment, they do require more 
cumbersome facilities for maintenance and examination. 
Therefore, it seems that small rodents such as mouse are 
more useful IUT models, by supplying a larger number 
of animals and limited facilities. In our knowledge, a 
few studies used fetal mouse to investigate the in vivo 
behavior of hUCB-HSCs. In this study, we used the fetal 
mouse IUT model to assess the effect of common ex vivo 
expansion method on the engraftment potential of hUCB-
MNCs.

Materials and Methods
Preparation of human donor cells

In this experimental study, cells were obtained from 
UCB samples of mothers who consented according to 
guidelines established by the institutional human research 
Ethics review Committee of Royan Institute and Royan 
Stem Cell Technology Company (www.rsct.ir), Iran. 
Animal experiment was approved by the Institutional 
Animal Care and Committee of Royan Institute (IR.
ACECR.ROYAN.REC.1394.175).

At first, 6% hydroxyethyl starch was used to sediment 
CB erythrocytes. Low-density MNCs were separated 
by lymphoprepTM (Stemcell Technology Inc., Canada) 
density-gradient centrifugation at 22˚C, 800 g for 30 

minutes. MNCs (106/well) were cultured for 10 days in 
the StemSpanTM medium (Stemcell Technology Inc., 
Canada) containing the following human recombinant 
cytokines all obtained from R&D Systems (USA): stem 
cell factor (SCF) 100 ng/ml, Fms-like tyrosine kinase 3 
ligand (Flt3L) 100 ng/ml and thrombopoietin (TPO) 50 
ng/ml. Freshly isolated and expanded UCB-MNCs were 
stained with the following antibodies against human cells: 
CD34-FITC, CD38-PerCP and CXCR4-PE. Appropriate 
isotype controls were also used to delete non-specific 
background signals. All of the antibodies were purchased 
from BD Pharmingen™ (USA) except CXCR4 which was 
obtained from BioLegend, USA. After staining, the cells 
were analyzed on Partec flow-cytometer (Germany) and 
the data were analyzed using FlowMax software. Before 
transplantation, the cells were labeled by PKH26 cell 
tracking dye (Sigma, USA) according to manufacturer’s 
instruction and they were suspended in modified Dulbecco 
media containing 10% fetal bovine serum (FBS), for 
future use. 

Colony-forming cell assay
Briefly, 2000 MNCs were suspended in 0.3 ml 

IMDM+2% FBS and added to a 3 ml MethoCult™ (Stem 
Cell Technologies, Canada) tube for a duplicate assay. 
After 12-14 days of culture, each plate was scored for 
granulocyte macrophage colony-forming unit (CFU-
GM), burst forming unit-erythroid (BFU-E), as well as 
granulocyte, erythroid, macrophage and megakaryocyte 
colony-forming unit (CFU-GEMM).

Transwell migration assay

The migration assay was performed using 24-well 
transwell plates (Corning Costar, USA) with 5 μm pore 
filters. The upper chambers were loaded with freshly 
isolated or 10 days expanded MNCs (106 cells) in 100 μl 
medium, while StemSpan medium and 100 ng/ml stromal 
cell derived factor-1 (SDF-1, R&D Systems) were placed 
into the lower chamber. After 4 hours incubation at 37˚C, 
the migrated cells to the lower side of the filter were 
collected and counted. 

In utero stem cell transplantation

NMRI pregnant mice were supplied by center of 
experimental animals of Royan Institute (Iran). Briefly, 
on embryonic days E11.5- E13.5, the pregnant mice 
were anesthetized by isoflurane inhalation and the 
uterine horns were exteriorized. Using handmade glass 
micropipettes with 70 μm diameters, each embryo was 
intraperitoneally injected with 50 μl phosphate buffer 
saline (PBS) containing 2-3×106 hUCB-MNCs or their 
entire progeny following 10 days expansion. Sham group 
received only 50 μl PBS. The uterine horns were returned 
to the abdominal cavity and the incision was closed 
with absorbable suture (Fig.1). The mothers were left 
undisturbed without bedding changes until the pups were 
3 weeks old.

http://www.rsct.ir
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Fig.1: In utero transplantation of hUCB-MNCs using handmade glass micropipettes. A. Hair removal and sterilization of the surgical site, B. The uterine horns were 
exteriorized, C. 2-3×106 non-cultured hUCB-MNC or their entire progeny, following 10 days expansion, were injected intraperitoneally to each recipient, and D. The 
uterine horns were returned to the abdominal cavity and the incision was closed. hUCB-MNCs; Human umbilical cord blood-mononuclear cells.

Growth factor treatment
Evaluation of chimerism was performed monthly up 

until age of 4 months. Considering the average weight of 
a mouse at the age of 4, 8, 12 and 16 weeks of age (which 
is respectively around 10-12, 26-35, 32-48, and 35-50 g), 
the recipients were treated with subcutaneous injections 
of human recombinant proteins all of which were obtained 
from R&D system: SCF (4 ng/g), Interleukin-3 (IL-3, 4 
ng/g) and granulocyte-colony stimulating factor (G-CSF, 
50 ng/g) for 3 times a week beginning at 3 weeks of age.

Immunostaining analyses of donor mononuclear cell 
Following birth, several mice, transplanted with PKH26 

labeled-MNCs, were sacrificed and frozen sections were 
prepared on albumin-coated slides from formaldehyde-
fixed, optimal cutting temperature compound (OCT)-
embedded liver and spleen of newborn mice. The prepared 
slides were subjected to detect PKH26-labeled human 
cells using a fluorescence Nikon microscope. 

Moreover, bone marrow cells were aspirated from the 
tibia/femur and fixed on positively charged slides with 
ice-cold acetone. The cells were then incubated with Anti-
Human Nuclear Antigen antibody (HNA, AbCam, UK) 
in a humidified chamber overnight at 4˚C, processing with 
secondary antibodies for one hour at room temperature in 
dark. The HNA immunostaining were observed using a 
fluorescence Nikon microscope.

To assess chimerism, 4 weeks after birth, 2-10 μl of 
peripheral blood was collected in heparinized tubes via the 
tail tip excision and partial amputation of the tail. The red 
blood cells were lysed with ammonium chloride lysis buffer 
and washed with PBS. The cells were then blocked with 1% 
bovine serum albumin (BSA) and stained with anti-Human 

CD45/34 or anti-Human Isotype Control (both from BD, 
USA) for 30 minutes at 4˚C. After staining, at least 105 cells 
were analyzed on Partec flow-cytometer and the data were 
analyzed using FlowMax software. Engraftment was defined 
as detection of 0.2% or more human CD45 cells.
 
Statistical analysis

All data are expressed as the mean ± SD. Significance 
of the differences between groups was determined using 
two-tailed Student’s t test assuming unequal variances. 
The level of significance was set at P<0.05. The statistical 
analysis was carried out using SPSS version 16 (SPSS 
Inc., Chicago, Il, USA).

Results
Increased in vitro proliferation and differentiation 
potential of the expanded human umbilical cord 
blood-mononuclear cells 

In the first step, we sought the in vitro self-renewal and 
differentiation potential of hUCB-MNCs either before or after 
culture. For this purpose, freshly isolated hUCB-MNCs were 
cultured under very common expansion system, in serum 
free media containing SCF, TPO and Flt3L (STF) for 10 
days. We firstly observed that number of total nucleated cells 
was significantly increased up to 4.3-fold after culture with 
STF (Fig.2). Moreover, we found that there was respectively 
32 and 52.3 fold increases in the number of CD34+ cells and 
more primitive HSCs (CD34+CD38- cells).

The colony-forming rate and differentiation potential were 
examined by CFU-assay. As seen in Figure 2E, following the 
expansion, significant increases were observed in granulocyte-
monocyte (GM) and total CFU numbers, suggesting that the 
number of hematopoietic progenitor cells (HPCs) is enhanced 
after expansion. 

A B
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Fig.2: Characterization of human donor cells. A. Representative dot plots of hUCB-MNCs before and after expansion, B. Number of the total nuclear cells 
was significantly increased after expansion for 10 days in STF medium (n=9, **; P<0.01), C. Percentage of CD34

+
 and CD34

+
CD38

-
 cells in hUCB-MNCs at 

day 0 and after 10 days of expansion in STF medium, D. Number of CD34
+
 and CD34

+
CD38

- 
cells were significantly increased after 10 days expansion in 

STF medium (n=9, *; P<0.05), and E. CFU number in 2000 cells of day 0 uncultured hUCB-MNCs and the progeny of an equivalent number of expanded 
hUCB-MNCs (n=3, ** P<0.01, ***; P<0.001). Fold expansion was calculated by dividing the absolute output number of the expanded cells expressing a 
specific phenotype after 10 days of culture by the respective number on day 0. hUCB-MNCs; Human umbilical cord blood-mononuclear cells, CFU; Colony 
forming unit, STF; SCF+TPO+FLT3L, BFU; Burst forming unit, GM; Granulocyte-macrophage, and GEMM; Granulocyte erythrocyte macrophage monocyte.
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CXCR4 overexpression and increased in vitro homing 
potential of ex vivo expanded human umbilical cord 
blood-mononuclear cells

Homing and engraftment of HSCs is strictly depending on 
SDF-1/CXCR4 axis which can adversely be affected during in 
vitro culture (20). So, to determine effect of cytokine treatment 
on the homing ability of the expanded cells, expression of 
CXCR4 protein was evaluated before and after culture, 
using flow-cytometer. As shown in Figure 3A, the expanded 
cells expressed higher (2.3 fold) level of CXCR4 protein 
compared to the unexpanded cells. Moreover, regarding in 
vitro migration assay, 2.8-fold more STF-expanded cells 
were migrated toward the SDF-1 medium compared to the 
uncultured cells (Fig.3B). Therefore, it seems that hUCB-
MNCs culture can increase in vitro homing ability of the 
expanded cells, which might be resulted from overexpression 
of CXCR4 receptor.

Fig.3: CXCR4 overexpression and increased in vitro homing potential 
of the expanded cells. A. Representative flow-cytometer analysis of 
CXCR4 expression in different cells. Filled curves indicate isotype control 
and unfilled curves indicate labeled cells and B. Percentage of the STF-
expanded hUBC-MNCs moved through the transwell in response to SDF-
1 versus uncultured cells (day 0) (**; P<0.01, n=5). STF; SCF+TPO+FLT3L, 
SDF-1; Stromal cell derived factor-1, and hUCB-MNCs; Human umbilical 
cord blood-mononuclear cells.

Outcome of in utero surgery 

Figure 4A shows the surgical outcomes of 4 independent 
experiments. At 11.5-13.5 days of gestation, 21 pregnant 
mice were under surgery, out of which 5 mothers died due 
to surgical complications such as bleeding and prolonged 
anesthesia. 

Totally, from mothers surviving surgery, 99 transplanted 
fetuses were under surgery, among which STF expanded 
cells, unexpanded cells and PBS were injected to 
respectively 38, 32 and 29 fetuses. In overall, the live birth 
rate was 63.6%. As seen in Figure 4B, recipients show 
similar viability injected by either STF expanded MNCs 
(68.4%) or unexpanded MNCs (62.5%). Furthermore, all 
of the live-born fetuses were normal and had no sign of 
malformations.

Injected material Number 
of treated 
pregnant 
mice

Number of 
pregnancies 
to term

Number 
of 
injected 
fetuses

Number 
of live-
born mice

Expanded MNCs 9 8 38 26

Unexpanded 
MNCs

9 7 32 20

Sham 9 7 29 17

Total 27 22 99 63

Fig.4: Outcome of in utero surgery. A. Number of the pregnant mice and 
their embryos used through the whole experiment and B. Comparison of 
survival rates within expanded cell-recipients, unexpanded cell-recipients 
and sham. MNC; Mononuclear cells.
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Short-term in vivo homing of human umbilical 
cord blood-mononuclear cells in liver and spleen of 
recipients 

At first, transplanted fetuses were analyzed for 
presence of the injected cells. For this purpose, freshly 
isolated MNCs were labeled with a viable fluorescent 
membrane dye PKH26 to track after infusion (Fig.5A). 
Around 15-16 days of gestation, liver and spleen organs 
are the hematopoietic sources in the fetal mouse (21). 
Therefore, one set of fetuses were sacrificed 48 hours after 
transplantation and PKH-positive cells were tracked in 
the frozen sections prepared from the mentioned tissues. 
As shown in Figure 5B, the highest level of homing was 
found in spleen, while some PKH-positive cells were also 
detected in liver. 

Expanded human umbilical cord blood-mononuclear 
cells have higher engraftment potential than 
unexpanded cells

To evaluate the engraftment, flow-cytometry analysis of 
the human CD45 marker was performed for the first time 
in peripheral blood of 3 weeks old mice (4 weeks after 
transplantation). To reliably eliminate background signal, 
the isotype control antibody was recruited. Peripheral 
blood cells from a normal mouse were also analyzed as 
an additional control for this analysis method (Fig.6A). 
Newborn mice were considered to be chimeric, if ≥ 0.2% 
CD45+ human cells were present in their peripheral blood 
sample. 

Totally, CD45+ human cells were detected in 
73% (19/26) of live born mice that injected with 
the expanded MNCs, while only 35% (7/20) of 
unexpanded-cell recipients had become chimera. 
Previous studies have shown an increased engraftment 
level of human HSCs in sheep and mice, following 
treatment with human hematopoietic growth factors 
(hHGFs). Therefore, newborn recipients were treated 
with subcutaneous injections of different HGFs (IL3, 
SCF and G-CSF), 3 times a week beginning at 4 weeks 
after transplantation. As demonstrated in Figure 6B, 
at the beginning, expanded-cell recipients displayed 
a higher level (1.8-fold) of human engraftment 
compared to the unexpanded-cell recipients, while it 
was dramatically amplified after treatment by hHGFs. 
Precisely, compared to the other group, expanded-cell 
recipients showed 3.2-, 3.8- and 2.6-fold increases in 
engraftment at 8, 12 and 16 weeks after transplantation, 
respectively. As shown in Figure 6C, human originality 
and functionality of the transplanted cells were 
additionally confirmed by the presence of anti-HNA 
in the bone marrow cells of 4 months old mice treated 
with hHGFs. Interestingly, there was a downward trend 
in the engraftment of recipients that did not treat with 
hHGFs and injected by either expanded or unexpanded 
cells. So that, after 4 months, no human cell was seen 
in their blood (data not shown). 

Fig.5: Short-term in vivo homing of hUCB-MNCs. A. Analysis of PKH26 
fluorescence of 20000 MNCs by flow-cytometer, before (unfilled curve) 
and after staining with PKH26 (gray filled curve) and B. Identification 
of PKH-stained hUCB-MNCs, 48 hours after infusion. Prepared frozen 
sections from the spleen and liver of transplanted fetuses were screened 
for the presence of PKH-bright cells (red: PKH26, blue: DAPI). hUCB-MNCs; 
Human umbilical cord blood-mononuclear cells.
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Fig.6: The ex vivo expanded hUCB-MNCs have higher engraftment potential than unexpanded cells. A. Representative flow-cytometer analysis for 
human cell engraftment in peripheral blood of the expanded- and unexpanded-cell recipients. Peripheral blood of normal mouse was employed 
as negative control, B. Mean human engraftment levels in peripheral blood of NMRI mice fetal transplanted with expanded or unexpanded hUCB-
MNCs. Mice with ≥0.2% human cells were considered chimeric, C. Representative flow-cytometer analysis for human cell engraftment in peripheral 
blood of the expanded- and unexpanded-cell recipients, and D. Identification of human CD45+ cells in the bone marrow of recipient mice. Bone 
marrow smears of 4-months-old transplanted mice were screened for the expression of human nuclear antigen (arrows; As mentioned they are 
human CD45+ cells).  hUCB-MNCs; Human umbilical cord blood-mononuclear cells.
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Discussion 
In this study, overall frequency of the human donor 

cell engraftment in NMRI recipient mice as early as 
4 weeks post transplantation was <3%. 7/20 (35%) 
recipients of unexpanded MNCs and 19/26 (73%) 
recipients of expanded MNCs were chimeric. This 
result indicates that hUCB-MNCs expansion produces 
a higher level of engraftment than freshly isolated 
cells. Furthermore, the average level of human cells 
in unexpanded-cell recipients was 0.3%, while it 
reached to 0.55% in expanded-cell recipients. Here, 
the level of human cells engrafted into NMRI mice is 
substantially higher than the previous reports in non-
defective rodents (22-25). On the other hand, IUT of 
human fetal liver-MNCs or fetal BM-CD34+ cells into 
NOD/SCID mice resulted in 15% expression of human 
cells in 10-12% of 8 weeks old mice (26). Similar to 
our finding, it was previously reported that ex vivo 
expanded UCB-HSCs have higher engraftment ability 
in IUT model of sheep: 8.1% for expanded cells versus 
0.1% for unexpanded cells (27). The engraftment of 
human CB-derived stem cells has also been evaluated 
in ovine fetuses (28). In this study, only 18% of lambs, 
IUT hUCB-CD34+ cells showed human cell expression 
up to 0.8%. In other larger species like canine model, it 
has been reported that IUT of 108 haploidentical CD34+ 

cells/kg of fetuses resulted in <1% microchimerism 
(29). Different rate of the chimerism as well as the 
level of engraftment could be related to the route of 
transplantation (30), quantity and quality of injected 
cells (31), different isolation techniques (32), different 
source of HSCs (33), gestational day of injection (34) 
and the animal species (35). The used cytokines can 
also affect the chimera formation (36). 

Here, we used unpurified MNCs as a cell source, since 
unpurified MNCs contain more primitive progenitors 
as well as mature cells that compete for homing space 
with purified CD34+ cells (31). On top of that, we 
performed IUT on E11.5-E13.5, when the highest degree 
of chimerism was reported (37). Although treatment by 
hHGFs led to higher level of engraftment in both groups, 
the STF-expanded MNCs were always maintained 
higher through weeks post transplantation. The higher 
engraftment potential of expanded MNCs might be due 
to overexpression of the homing gene, CXCR4, following 
expansion. Moreover, ex vivo expansion provides us with 
higher number of progenitor and mature cells including 
neutrophils which can engraft more rapidly, in comparison 
with unexpanded CD34+ cells (38). 

In our experiments, in the absence of treatment with 
hHGFs, regardless of the fact those samples were subjected 
or not to ex vivo expansion, the human cells continued to 
decrease until they were undetectable in the host body. 
This indicates that expanded cells lack the ability to long-
term engraftment. This data also highlights the importance 
of compatibility between the hematopoietic environment 
of donor cells and the host body. 

Conclusion
Here, we successfully demonstrated application of 

mouse IUT model to assess engraftment potential of hUCB-
MNCs. Although the IUT model allows transplantation of 
xenogeneic cells without host conditioning, the frequency 
and levels of donor cells are significantly low. These data 
support the idea that despite the immaturity of fetus’ 
immune system, there are some barriers preventing 
the engraftment of human cells. It seems that mainly 
overcoming the conflicts of hematopoietic environment 
as well as attenuating the immune response against the 
donor cells will make IUT model as an acceptable model 
for basic and pre-clinical research. 

Acknowledgments
This study has been funded by Royan Institute (Code: 

91000597) and granted partly by Royan Stem Cell 
Technology Company, Iran. The authors would like 
to thank Zahra Pour-Safavi for her technical support 
in flowcytometery experiment and Azam Dalman for 
preparing the handmade glass pipettes. The authors 
declare no conflict of interest in this study.

Authors’ Contributions 
M.Z., E.A.; Performed all in vitro experiments, analyzed 

the data and wrote the manuscript. M.H.A.; Performed 
in vivo experiment and analysed the in vivo data. M.E.; 
Contributed to concept and design, financial support, and 
final approval of the manuscript. All authors read and 
approved the final manuscript.

References
1.	 Eaves CJ. Hematopoietic stem cells: concepts, definitions, and the 

new. Blood. 2015; 125(17): 2605-2613.
2.	 Chabannon C, Kuball J, Bondanza A, Dazzi F, Pedrazzoli P, Tou-

bert A, et al. Hematopoietic stem cell transplantation in its 60s: A 
platform for cellular therapies. Sci Transl Med. 2018; 10(436). pii: 
eaap9630.

3.	 Patel SA, Rameshwar P. Stem cell transplantation for hemato-
logical malignancies: prospects for personalized medicine and co-
therapy with mesenchymal stem cells. Curr Pharmacogenomics 
Person Med. 2011; 9(3): 229-239.

4.	 Hough R, Danby R, Russell N, Marks D, Veys P, Shaw B, et al. 
Recommendations for a standard UK approach to incorporating 
umbilical cord blood into clinical transplantation practice: an update 
on cord blood unit selection, donor selection algorithms and condi-
tioning protocols. Br J Haematol. 2016; 172(3): 360-370.

5.	 Pineault N, Abu-Khader A. Advances in umbilical cord blood stem 
cell expansion and clinical translation. Exp Hematol. 2015; 43(7): 
498-513.

6.	 Walsh NC, Kenney LL, Jangalwe S, Aryee KE, Greiner DL, Brehm 
MA, et al. Humanized mouse models of clinical disease. Annu Rev 
Pathol. 2017; 12: 187-215.

7.	 Tanner A, Taylor SE, Decottignies W, Berges BK. Humanized mice 
as a model to study human hematopoietic stem cell transplanta-
tion. Stem Cells Dev. 2014; 23(1): 76-82.

8.	 Brehm MA, Shultz LD, Luban J, Greiner DL. Overcoming current 
limitations in humanized mouse research. J Infect Dis. 2013; 208 
Suppl 2: S125-S130.

9.	 Shultz LD, Brehm MA, Garcia JV, Greiner DL. Humanized mice for 
immune system investigation: progress, promise and challenges. 
Nat Rev Immunol. 2012; 12(11): 786-798.

10.	 Kim AG, Vrecenak JD, Boelig MM, Eissenberg L, Rettig MP, Riley 
JS, et al. Enhanced in utero allogeneic engraftment in mice after 
mobilizing fetal HSCs by α4β1/7 inhibition. Blood. 2016; 128(20): 
2457-2461.

11.	 Omori F, Lutzko C, Abrams-Ogg A, Lau K, Gartley C, Dobson H, 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Walsh%20NC%5BAuthor%5D&cauthor=true&cauthor_uid=27959627
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kenney%20LL%5BAuthor%5D&cauthor=true&cauthor_uid=27959627
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jangalwe%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27959627
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aryee%20KE%5BAuthor%5D&cauthor=true&cauthor_uid=27959627
https://www.ncbi.nlm.nih.gov/pubmed/?term=Greiner%20DL%5BAuthor%5D&cauthor=true&cauthor_uid=27959627
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brehm%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=27959627
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brehm%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=27959627


Cell J, Vol 21, No 3, October-December (Autumn) 2019267

Zarrabi et al.

et al. Adoptive transfer of genetically modified human hematopoi-
etic stem cells into preimmune canine fetuses. Exp Hematol. 1999; 
27(2): 242-249.

12.	 Fujiki Y, Fukawa K, Kameyama K, Kudo O, Onodera M, Nakamura 
Y, et al. Successful multilineage engraftment of human cord blood 
cells in pigs after in utero transplantation. Transplantation. 2003; 
75(7): 916-922.

13.	 Mychaliska GB, Rice HE, Tarantal AF, Stock PG, Capper J, Garo-
voy MR, et al. In utero hematopoietic stem cell transplants prolong 
survival of postnatal kidney transplantation in monkeys. J Pediatr 
Surg. 1997; 32(7): 976-981.

14.	 Goodrich AD, Varain NM, Jeanblanc CM, Colon DM, Kim J, Zan-
jani ED, et al. Influence of a dual-injection regimen, plerixafor and 
CXCR4 on in utero hematopoietic stem cell transplantation and en-
graftment with use of the sheep model. Cytotherapy. 2014; 16(9): 
1280-1293.

15.	 Abe T, Masuda S, Ban H, Hayashi S, Ueda Y, Inoue M, et al. Ex 
vivo expansion of human HSCs with Sendai virus vector express-
ing HoxB4 assessed by sheep in utero transplantation. Exp Hema-
tol. 2011; 39(1): 47-54.

16.	 Abe T, Masuda S, Tanaka Y, Nitta S, Kitano Y, Hayashi S, et al. Ma-
ternal administration of busulfan before in utero transplantation of 
human hematopoietic stem cells enhances engraftments in sheep. 
Exp Hematol. 2012; 40(6): 436-444.

17.	 McClain LE, Flake AW. In utero stem cell transplantation and gene 
therapy: Recent progress and the potential for clinical application. 
Best Pract Res Clin Obstet Gynaecol. 2016; 31: 88-98.

18.	 Chowdhury N, Asakura A. In utero stem cell transplantation: potential 
therapeutic application for muscle diseases. Stem Cells Int. 2017; 
2017: 3027520. 

19.	 Almeida-Porada G, Atala A, Porada CD. In utero stem cell trans-
plantation and gene therapy: rationale, history, and recent advanc-
es toward clinical application. Mol Ther Methods Clin Dev. 2016; 5: 
16020.

20.	 Mao P, Xu L, Mo WJ, Yin Y, Xu YL, Lin XM. Effect of different 
cytokine combinations on the expression of CD49d and CXCR4 
and ex vivo expansion of umbilical cord blood mononuclear cells. 
Zhongguo Shi Yan Xue Ye Xue Za Zhi. 2006; 14(2): 318-321.

21.	 Medvinsky A, Rybtsov S, Taoudi S. Embryonic origin of the adult 
hematopoietic system: advances and questions. Development. 
2011; 138(6): 1017-1031.

22.	 Rice HE, Hedrick MH, Flake AW. In utero transplantation of rat 
hematopoietic stem cells induces xenogeneic chimerism in mice. 
Transplant Proc. 1994; 26(1): 126-128.

23.	 Carrier E, Lee TH, Busch MP, Cowan MJ. Induction of tolerance 
in nondefective mice after in utero transplantation of major histo-
compatibility complex-mismatched fetal hematopoietic stem cells. 
Blood. 1995; 86(12): 4681-4690.

24.	 Kim HB, Shaaban AF, Yang EY, Liechty KW, Flake AW. Microchi-
merism and tolerance after in utero bone marrow transplantation in 
mice. J Surg Res. 1998; 77(1): 1-5.

25.	 Pallavicini MG, Flake AW, Madden D, Bethel C, Duncan B, Gon-
zalgo ML, et al. Hemopoietic chimerism in rodents transplanted in 
utero with fetal human hemopoietic cells. Transplant Proc. 1992; 

24(2): 542-543.
26.	 Turner CW, Archer DR, Wong J, Yeager AM, Fleming WH. In utero 

transplantation of human fetal haemopoietic cells in NOD/SCID 
mice. Br J Haematol. 1998; 103(2): 326-334.

27.	 McNiece IK, Almeida-Porada G, Shpall EJ, Zanjani E. Ex vivo ex-
panded cord blood cells provide rapid engraftment in fetal sheep 
but lack long-term engrafting potential. Exp Hematol. 2002; 30(6): 
612-616.

28.	 Young AJ, Holzgreve W, Dudler L, Schoeberlein A, Surbek DV. En-
graftment of human cord blood-derived stem cells in preimmune 
ovine fetuses after ultrasound-guided in utero transplantation. Am 
J Obstet Gynecol. 2003; 189(3): 698-701.

29.	 Blakemore K, Hattenburg C, Stetten G, Berg K, South S, Murphy K, 
et al. In utero hematopoietic stem cell transplantation with haploi-
dentical donor adult bone marrow in a canine model. Am J Obstet 
Gynecol. 2004; 190(4): 960-973.

30.	 Tanaka Y, Masuda S, Abe T, Hayashi S, Kitano Y, Nagao Y, et al. 
Intravascular route is not superior to an intraperitoneal route for in 
utero transplantation of human hematopoietic stem cells and en-
graftment in sheep. Transplantation. 2010; 90(4): 462-463.

31.	 Rio P, Martinez-Palacio J, Ramirez A, Bueren JA, Segovia JC. Ef-
ficient engraftment of in utero transplanted mice with retrovirally 
transduced hematopoietic stem cells. Gene Ther. 2005; 12(4): 358-
63.

32.	 Ishii M, Matsuoka Y, Sasaki Y, Nakatsuka R, Takahashi M, Naka-
moto T, et al. Development of a high-resolution purification method 
for precise functional characterization of primitive human cord 
blood-derived CD34-negative SCID-repopulating cells. Exp Hema-
tol. 2011; 39(2): 203-213. e1.

33.	 Noia G, Ligato MS, Cesari E, Visconti D, Fortunato G, Tintoni M, 
et al. Source of cell injected is a critical factors for short and long 
engraftment in xeno-transplantation. Cell Prolif. 2008; 41 Suppl 1: 
41-50.

34.	 Skopal-Chase JL, Pixley JS, Torabi A, Cenariu MC, Bhat A, Thain 
DS, et al. Immune ontogeny and engraftment receptivity in the 
sheep fetus. Fetal Diagn Ther. 2009; 25(1): 102-110.

35.	 Troeger C, Surbek D, Schoberlein A, Schatt S, Dudler L, Hahn S, et 
al. In utero haematopoietic stem cell transplantation. Experiences 
in mice, sheep and humans. Swiss Med Wkly. 2007; 137 Suppl 
155: 14S-19S.

36.	 McNiece I, Jones R, Bearman SI, Cagnoni P, Nieto Y, Franklin W, 
et al. Ex vivo expanded peripheral blood progenitor cells provide 
rapid neutrophil recovery after high-dose chemotherapy in patients 
with breast cancer. Blood. 2000; 96(9): 3001-3007.

37.	 Chen X, Gong XL, Katsumata M, Zeng YT, Huang SZ, Zeng F. 
Hematopoietic stem cell engraftment by early-stage in utero trans-
plantation in a mouse model. Exp Mol Pathol. 2009; 87(3): 173-
177.

38.	 Zarrabi M, Afzal E, Asghari MH, Mohammad M, Es HA, Ebrahimi 
M. Inhibition of MEK/ERK signalling pathway promotes erythroid 
differentiation and reduces HSCs engraftment in ex vivo expanded 
haematopoietic stem cells. J Cell Mol Med. 2018; 22(3): 1464-
1474.

https://www.ncbi.nlm.nih.gov/pubmed/?term=In+Utero+Stem+Cell+Transplantation%3A+Potential+Therapeutic+Application+for+Muscle+Diseases.+Stem+Cells+Int.+2017%3B+2017.
https://www.ncbi.nlm.nih.gov/pubmed/?term=In+utero+stem+cell+transplantation+and+gene+therapy%3A+rationale%2C+history%2C+and+recent+advances+toward+clinical+application.+Mol+Ther+Methods+Clin+Dev.+2016%3B+5%3A+16020-.


          Cell J, Vol 21, No 3, October-December (Autumn) 2019 268

Original Article

Autologous Bone Marrow Stem Cell Transplantation in Liver Cirrhosis 
after Correcting Nutritional Anomalies, A Controlled Clinical Study 

Abbas Esmaeilzadeh, M.D.1#, Homeira Ommati, M.D.1#, Mohammad Mahdi Kooshyar, M.D.2,
 Lida Jarahi, M.D.3, Kambiz Akhavan Rezayat, M.D.1, Samaneh Saberi, M.Sc.4, Massoud 

Vosough, M.D., Ph.D.5, 6*, Ali Ghassemi, M.D.7*

1. Department of Internal Medicine, Faculty of Medicine, Mashhad University of Medical Sciences, Gastroenterology and Hepatology 
Research Center, Mashhad, Iran

2. Department of Hematology and Oncology, Faculty of Medicine, Mashhad University of Medical Sciences, Mashhad, Iran
3. Department of Community Medicine, Faculty of Medicine, Mashhad University of Medical Sciences, Mashhad, Iran  

4. HPGC Group, Medical Biotechnology Department, Biotechnology Research Center, Pasteur Institute of Iran, Tehran, Iran
5. Department of Regenerative Biomedicine, Cell Science Research Center, Royan Institute for Stem Cell Biology and Technology, 

ACECR, Tehran, Iran
6. Department of Stem Cells and Developmental Biology, Cell Science Research Center, Royan Institute for Stem Cell Biology and 

Technology, ACECR, Tehran, Iran
7. Department of Pediatric Hematology and Oncology, Faculty of Medicine, Mashhad University of Medical Sciences, Mashhad, Iran

#The first two authors equally contributed to this work.

*Corresponding Address: P.O.Box: 16635-148, Department of Regenerative Medicine, Cell Science Research Center, Royan Institute for 
Stem Cell Biology and Technology, ACECR, Tehran, Iran

P.O.Box: 9177899191, Department of Pediatric Hematology and Oncology, Faculty of Medicine, Mashhad University of Medical Sciences, 
Mashhad, Iran

Emails: masvos@royaninstitute.org, Ghasemial@mums.ac.ir
 

Received: 17/June/2018, Accepted: 8/October/2018
Abstract
Objective: Liver transplantation is the gold standard approach for decompensated liver cirrhosis. In recent years, stem 
cell therapy has raised hopes that adjusting some clinical and laboratory parameters could lead to successful treatments 
for this disease. Cirrhotic patients may have multiple systemic abnormalities in peripheral blood and irregular cell 
populations in bone marrow (BM). Correcting these abnormalities before BM aspiration may improve the effectiveness 
of cell-based therapy of liver cirrhosis.
Materials and Methods: In this controlled clinical trial study, 20 patients with decompensated liver cirrhosis were enrolled. 
Patients were randomly assigned to control and experimental groups. Blood samples were obtained to measure vitamin 
B12, folate, serum iron, total iron bonding capacity (TIBC) and ferritin before any intervention. Furthermore, the iron 
storage and fibrosis level in BM biopsies, as well as the percentage of different cell populations, were evaluated. Prior 
to cell isolation for transplantation, we performed palliative supplement therapy followed by a correction of nutritional 
deficiencies.  Mononuclear cells (MNCs) were then isolated from BM aspirates and transfused through peripheral vein in 
patients in the experimental group. The model of end-stage liver disease (MELD) score, The international normalized ratio 
(INR), serum albumin and bilirubin levels were assessed at 0 (baseline), 3 and 6 months after cell transplantation.            
Results: The MELD score (P=0.0001), INR (P=0.012), bilirubin (P<0.0001) and total albumin (P<0.0001) levels 
improved significantly in the experimental group after cell transplantation compared to the baseline and control groups. 
Moreover, the increase in serum albumin levels of patients in the experimental group was statistically significant 6 
months after transplantation.                  
Conclusion: We have successfully improved the conditions of preparing -BM-derived stem cells for transplantation. 
Although these cells are relatively safe and have been shown to improve some clinical signs and symptoms temporarily, 
there need to be more basic studies regarding the preparation steps for effective clinical use (Registration number: 
IRCT2014091919217N1).
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Introduction

Liver cirrhosis is one of the most common causes of 
death in the world and imposes huge financial burden (1, 2). 
Currently, the only available treatment for decompensated 
liver cirrhosis is orthotopic liver transplantation (OLT), 
which is limited to parameters such as the number of 
donated organs from cadavers or living donors, the high 
costs associated with both the procedure and the follow-
up care, as well as post operation complications due to 
lifelong immunosuppression (3). However, recently 
researchers have focused on safe alternative possibilities 

to restore liver mass and function through stem cell 
therapy (4-7).

In 1999, Petersen et al. (8) showed that hematopoietic 
stem cells can contribute to liver regeneration. In 2000, 
Theise et al. (9) reported that hematopoietic stem 
cells successfully transformed into hepatocytes and 
cholangiocytes. They found Y-chromosome-positive 
hepatocyte-like cells in the liver of female recipients who 
had received male BM stem cells. Likewise, in another 
study in 2002, researchers showed that hematopoietic stem 
cells in both peripheral blood and BM could differentiate 
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into hepatocytes and other epithelial cells (10).  Since 1956, 
various hematologic disorders have been treated by bone 
marrow (BM) transplantation and different related clinical 
studies have been carried out using BM transplantation 
(11). Given these findings, hematopoietic stem cells may 
be a promising source for cell therapy in liver cirrhosis. 
In addition, various hematologic abnormalities, such as 
nutritional deficiencies, are secondary to liver cirrhosis and 
directly affect the population of BM-derived cells (12, 13). 

To the best of our knowledge, at this point there is no study 
that has evaluated the efficacy of hematopoietic stem cell 
transplantation after correcting nutritional abnormalities in 
cirrhotic patients. Therefore, this clinical study was conducted 
to evaluate the efficiency of BM-mononuclear cell (MNC) 
transplantation through peripheral vein in cirrhotic patients 
after supplement treatment.  Following cell transplantation, 
we also assessed whether the improved cells enhanced the 
results of stem cell therapy in cirrhotic patients. 

In studies of liver diseases, a commonly used value is 
the model for end-stage liver disease (MELD), which is 
a scoring system for quantifying the severity of chronic 
liver diseases. To predict the survival rate, MELD uses the 
patient’s values for serum bilirubin, serum creatinine, and 
international normalized ratio (INR) for prothrombin time 
(PT). Because the result (in seconds) for a PT performed on a 
normal individual will vary according to the type of analytical 
system, INR has been developed to normalize the results. 

In the present clinical trial, we show a significant 
decrease in patient MELD scores at 3 and 6 months’ post-
cell transplantation.  

Methods and Materials
Patient criteria and treatment

This controlled clinical trial study conducted at Mashhad 
University of Medical Science. Twenty patients were admitted 
at the "Research Center of Transplantation", Mashhad, 
Iran, from September 2014 to June 2015. All patients were 
diagnosed with liver cirrhosis, based on clinical, laboratory, 
radiologic and endoscopic data, and were all on a waiting list 
for liver transplantation. All patients received their regular 
medical treatment during the study. The exclusion criteria 
were refractory ascites, positive HIV antibody, primary 
sclerosing cholangitis (PSC), hepatocellular carcinoma 
(HCC), and portal and/or hepatic vein thrombosis. 

Patients were randomly distributed into two groups, 
the experimental (n=10) and the control groups (n=10). 
Randomization was performed to reduce any possible 
bias and to adjust the study arms. In BM aspiration, 
our preferred site was the posterior iliac crest. Only the 
experimental group received intravenous infusion of 
autologous BM-derived MNCs. All the infusions were 
performed using veins in upper extremity. 

Prior to the infusion of autologous BM-derived stem 
cells, the serum levels of vitamin B12, folate, iron, 
TIBC and ferritin were measured in each participant. In 

addition, the BM aspirates were analyzed in terms of cell 
quantity and quality, the level of iron storage and fibrosis. 
All malnutrition abnormalities and deficiencies in serum 
levels of the mentioned components and the percentage 
of cellular fractions of BM aspirates were corrected 
using supplement therapy before the cell infusion. The 
experimental group received IV infusions of autologous 
BM-derived MNCs and the control group received only 
autologous cell-free serum. For each individual a total of 
20 ml of the cell suspension or cell-free serum was infused 
gradually. The cell infusion performed at the baseline. The 
patients were admitted and examined at Shariati Hospital 
(Mashhad, Iran) one day before cell infusion. 

The proposal of this study was reviewed and approved 
by the Ethics Committee of Mashhad University of 
Medical Sciences, and registered for clinical trial studies 
in Iranian Ministry of Health (MOH). The registration 
number is IRCT2014091919217N1. This study was 
conducted in accordance with the Declaration of Helsinki. 
All patients were provided with written informed consent.

Cell preparation and transplantation
The BM samples (140-200 ml/patient) were collected 

under local anesthesia and general sedation in an 
operating room under sterile conditions. All collected BM 
aspirates were filtered to remove any fat, bone, clot and 
other possible particles that could be collected in blood 
collection bags. The remaining MNCs were washed and 
counted and their viability was assessed using trypan 
blue dye exclusion method. The mean viability of the 
transplanted MNCs was more than (95 ± 3) % in all the 
infusions. The MNCs were suspended in autologous serum 
at the final volume of 20 ml. Finally, in each patient the 
general condition, vital signs and any transfusion-related 
reactions were monitored for six hours after cell infusion.  

Long term follow-up
A gastroenterologist examined the patients at baseline (0), 

3, and 6 months post-infusion. A blood analysis was requested 
at each visit as follows: complete blood count, serum albumin 
and total bilirubin, blood urea nitrogen, PT and INR. The 
MELD score was also measured accordingly. No adverse 
effects were detected during or after cell transfusion.

Statistical analysis
We have presented our data as mean ± SD. A two-way 

ANOVA followed by Sidak’s multiple comparisons test was 
performed using Prism graphpad version 6.00 for Mac OS X 
graphpad Software, La Jolla, California, USA. A P<0.05 was 
considered statistically significant. Furthermore, ANCOVA 
was used to evaluate the difference in means of control and 
experimental groups, considering time covariate effect.

Results
The demographic data of the patients

We had initially recruited a total of 34 patients, however, 
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14 patients were excluded according to the inclusion/
exclusion criteria and ultimately 20 of them enrolled in 
the study (female/male ratio of experimental and control 
groups were 1/9 and 2/8, respectively). The mean age of 
the patients was 45.2 years (28-58 years old) and 46 years 
(21-62 years old) in control and experimental groups, 
respectively. The etiology of cirrhosis in four (20%) 
patients were autoimmune hepatitis (AIH), nine patients 
(45%) had suffered from viral hepatitis, five (25%) had 
an unknown origin, one (5%) had PSC and one (5%) had 
Wilson’s disease. The descriptive underlying etiologies 
of the disease and demographic data of the participating 
patients are listed in Table 1. All the patients with 
nutritional deficiencies received supplement therapy prior 
to enrollment in the study. 

The initial peripheral blood testing and bone marrow 
aspiration results

The peripheral blood tests of the patients were performed 
before BM aspiration and cell infusion. Hemoglobin 
concentration of the patients ranged between 12 to 17 g/

dl, but one male patient had a mild anemia (Hb<12 g/dl). 
The folate level (5 to 20 ng/ml) and the B12 level (59 
to 895 pg/ml) were normal in all patients except for two 
individuals, who had folate levels less than 4.9 ng/ml and 
B12 levels less than 59 ng/ml. The transferrin saturation 
was normal in all patients (18-47%). The minimum 
concentration of ferritin was 12.8 ng/dl and its maximum 
concentration was 542 ng/dl. The normal range for ferritin 
starts at 12 ng/ml. 

BM analysis showed no high-grade fibrosis in the 
patients. Moreover, five individuals had mild to moderate 
megaloblastic changes, three patients had micro-
normoblastic changes and the remaining had normal 
cellular analysis reports. 

The mean weight of patients was 67.5 ± 4.8 kg. The 
mean number of total nucleated cell counts (TNC) was 
(8.46 ± 2.56×103/µl) that (58.59 ± 7.834)% of them were 
polymorphonuclear cells (PMN) and (41.41 ± 7.834)% of 
them were MNCs. The mean number of transfused cells 
was (8.059 ± 2.539×106 cells/kg). Table 2 represents the 
number of MNCs that were infused into the patients.

Table 1: Descriptive underlying etiologies of the cirrhosis and demographic data of patients in experimental and control groups

Experimental group Control group
Patients ID. Age (Y) Gender Etiology Age (Y) Gender Etiology
P1 30 Male AIH 28 Male AIH
P2 37 Male Hepatitis B 45 Male Cryptogenic
P3 56 Male Hepatitis C 54 Female Hepatitis B
P4 28 Female AIH 44 Male PSC
P5 21 Male Cryptogenic 58 Male Cryptogenic
P6 54 Male Hepatitis C 39 Male Hepatitis B
P7 62 Male AIH 50 Female Cryptogenic
P8 56 Male Hepatitis B 47 Male Hepatitis B
P9 58 Male Cryptogenic 58 Male Wilson
P10 58 Male Hepatitis B 29 Male Hepatitis B

PSC; Primary sclerosing cholangitis and AIH; Autoimmune hepatitis.

Table 2: The number of transfused MNC for patients in group 1  

Patients ID. TNC (103/µl) PMN (%) MNC (%) BW (kg) Transfused MNC (106 cells/kg)  
P1 11.2 65.8 34.2 72 8.1
P2 12.6 56.3 43.7 67 12.3
P3 7.1 49.4 50.6 68 7.7
P4 9.7 63.5 36.5 65 8.3
P5 3.3 74.3 25.7 59 2.15
P6 8.4 56.5 43.5 67 8.05
P7 8.8 54.3 45.7 64 9.5
P8 6.9 61.1 38.9 75 7.2
P9 7.3 48.3 51.7 73 7.8
P10 9.3 56.4 43.6 65 9.49

TNC; Total nucleated cell, PMN; Polymorphonuclear cell, MNC; Mononuclear cell, and BW; Body weight.
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Model of end-stage liver disease score

At 6 months post-cell transfusion the MELD score 
decreased in the experimental group to 16.2 ± 2.82, which 
is statistically significant compared to the control group 
21 ± 3.29 (P=0.0001). In the experimental group, there 
was no significant difference between 0 (baseline) (17.80 
± 1.81), 3 (15.60 ± 2.17) and 6 months (16.20 ± 2.82) 
after transplantation (Fig.1), whereas, compared to the 
control group, the MELD score improved significantly 
6 months post-cell infusion.  Next, the influence of time 
as the covariate on independent MELD score in control 
and experimental groups were checked by ANCOVA. 
There was a significant difference in MELDI mean score 
[F (4,54)=5.272, P=0.001] between the cases and controls, 
whilst adjusting for time. It can be seen that for cases and 
controls the effect size is small (0.281). 

Fig.1: Changes in MELD scores between control and experimental groups at 
different time points (baseline, three and six months post-transplantation). 
***; P≤0.001.

International normalized ratio 
The INR score of the control group increased from the 

baseline to 2.0 ± 0.17 and 2.4 ± 0.4 in 3 and 6 month 
post-transplantation, respectively. However, the score in 
the experimental group decreased slightly during the 6 
months, which was statistically significant in both 3 (1.6 
± 0.24, P=0.012) and 6 (1.5 ± 0.37, P<0.0001) months 
post-cell infusion (Fig.2). In the experimental group, the 
INR score at 6 months (1.5 ± 0.37) was even significantly 
lower compared to its baseline level (1.9 ± 0.31, P=0.01). 
Next, the influence of time as the covariate on INR 
in control and experimental groups were checked by 
ANCOVA. There wasn’t a significant difference in INR 
mean score [F (4,54)=0.989, P=0.422] between the cases 
and controls, whilst adjusting for time.

Albumin
Serum albumin levels of the patients in control and 

experimental groups were different at baseline (control, 
4.45 ± 0.25 vs. experimental, 3.18 ± 0.36), which was 
statistically significant (P<0.0001) and this lowered the 
power of study. As shown in Figure 3, at 6 months after 
the treatment, the average serum albumin level of the 
experimental group increased significantly compared 
to the control group (3.99 ± 0.50 vs. 2.90 ± 0.55, 
P<0.0001). Next, the influence of time as the covariate 
on independent Serum albumin level in control and 
experimental groups were checked by ANCOVA. There 
was a significant difference in Albumin mean Level [F 
(4,54)=25.454, P<0.0001] between the cases and controls, 
whilst adjusting for time. It can be seen that for cases and 
controls the effect size is moderate (0.653).

 
Fig.2: Changes in international normalized ratio (INR) between the control 
and experimental groups at different time points [0 (baseline), 3 and 6 
months post-transplant]. *; P≤0.05 and ****; P≤0.0001.

Fig.3: Changes in albumin levels between the control and experimental 
groups at different time points [0 (baseline), 3, and 6 months post-
transplant]. ****; P≤0.0001.

The serum level of albumin in the experimental 
group increased at 3 months post-transplantation 
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(4.06 ± 0.48, P<0.0001), but slightly decreased by 
the 6 months time point (3.99 ± 0.50, P=0.0003). At 
both time points, however, the overall increases were 
statistically significant in comparison with the baseline 
level (3.18 ± 0.36, Fig.4). 

Bilirubin
Serum bilirubin of the control group patients increased 

sharply and reached up to 3.11 ± 0.24 at 6 months after 
serum (placebo) infusion, whereas in the experimental 
group we observed a significant decrease in bilirubin level 
(2.12 ± 0.25, P=0.0009), 3 months after cell infusion. The 
significant decrease in bilirubin was observed at 6 months 
(2.14 ± 0.66, P<0.0001) after cell infusion, which was 
statistically significant compared to the control group. 

The decrease in bilirubin level in the experimental 
group at 3 (2.12 ± 0.25, P=0.0014) and 6 (2.14 ± 
0.66, P=0.002) months post-transplantation were also 
statistically significant compared to the baseline levels 
(2.69 ± 0.24, Fig.4). Next, the influence of time as the 
covariate on independent serum bilirubin level in control 
and experimental groups were checked by ANCOVA. 
There was a significant difference in bilirubin mean Level 
[F (4,54)=22.464, P<0.0001] between the cases and 
controls, whilst adjusting for time. It can be seen that for 
cases and controls the effect size is moderate (0.625). 

Fig.4: Changes in bilirubin between control and experimental groups 
at different time points (0, 3 and 6 months post-transplantation). ***; 
P≤0.001 and  ****; P≤0.0001. 

Discussion
Based on this study, after nutritional supplement 

treatment, hematopoietic stem cells transplantation 
could transiently improve MELD score, serum albumin 
level, INR score, as well as bilirubin level in cirrhotic 
patients. BM stem cell infusion results in considerable 
improvements in different disorders in basic and clinical 
studies (9, 14-16), particularly in clinical trials for liver 
cirrhosis in human patients (17-29).

Due to the short follow up period after transplantation 
(6 months), the efficacy of MNC infusion for an extended 
time is not clear yet. A transient improvement in MELD 
score was observed in the experimental group, but it was 
not statistically significant, at 6 months compared to 
the previous time point (3 months) after cell infusion. 
Nonetheless, in some previous studies, the follow 
up period after stem cell transplantation in cirrhotic 
patients has been up to 30 months with improvements 
in liver function tests (21). Therefore, our MELD data 
may have been affected by the shorter follow up period 
in our study.

In another previous study, the authors observed that 
MNC transplantation resulted in transient improvements 
in liver function, but it did not lead to a complete reversal 
from an abnormal condition into normal liver physiologic 
conditions (21). Therefore, given the fact that the mortality 
rate in patients in organ waiting lists is high, BM-derived 
MNCs may potentially give the cirrhotic patients a higher 
chance of survival while waiting for a matching liver for 
OLT (30).

Based on the results of the BM study and the peripheral 
blood testing data in cirrhotic patients, there were 
obvious discordances between the two.  Presumably, BM 
is affected by nutritional deficiency in earlier stages of 
cirrhosis. 

Stem cell therapy has had a growing progress in many 
disabling diseases, worldwide. Nowadays, different 
hematologic and non-hematologic disorders may be 
treated using stem cell transplantation. However, there 
are many limitations and doubts in terms of effectiveness 
of stem cell transplantation in liver cirrhosis. Scientists 
are now working on novel therapies to overcome these 
challenges. 

Conclusion
We have shown that transplantation of BM-derived 

stem cells, which is a relatively safe procedure, transiently 
improves some crucial parameters in cirrhotic patients 
after correcting nutritional anomalies. However, to have 
a better and clearer conclusion, there need to be more 
basic and clinical studies and randomized clinical trials 
with a higher number of subjects with perhaps uniform 
etiologies. 
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Abstract
Objective: Dendritic cells (DCs) as major regulators of the immune response in the decidua play a pivotal role in 
establishment and maintenance of pregnancy. Immunological disorders are considered to be the main causes of 
unexplained recurrent spontaneous abortions (RSAs). Recently, we reported that mesenchymal stem cells (MSCs) 
therapy could improve fetal survival and reduce the abortion rate in abortion-prone mice, although the precise 
mechanisms of this action are poorly understood. Since MSCs have been shown to exert immunomodulatory effects 
on the immune cells, especially DCs, this study was performed to investigate the capability of MSCs to modulate the 
frequency, maturation state, and phenotype of uterine DCs (uDCs) as a potential mechanism for the improvement of 
pregnancy outcome. 
Materials and Methods: In this experimental study, adipose-derived MSCs were intraperitoneally administered to 
abortion-prone pregnant mice on the fourth day of gestation. On the day 13.5 of pregnancy, after the determination of 
abortion rates, the frequency, phenotype, and maturation state of uDCs were analyzed using flow cytometry.           
Results: Our results indicated that the administration of MSCs, at the implantation window, could significantly decrease 
the abortion rate and besides, increase the frequency of uDCs. MSCs administration also remarkably decreased the 
expression of DCs maturation markers (MHC-II, CD86, and CD40) on uDCs. However, we did not find any difference 
in the expression of CD11b on uDCs in MSCs-treated compared to control mice.                  
Conclusion: Regarding the mutual role of uDCs in establishment of a particular immunological state required for 
appropriate implantation, proper maternal immune responses and development of successful pregnancy, it seems that 
the modulation of uDCs by MSCs could be considered as one of the main mechanisms responsible for the positive 
effect of MSCs on treatment of RSA.
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Introduction
In allogeneic pregnancy, despite the close contact of the 

maternal immune system and immunologically foreign 
fetal-placental alloantigens, the mother’s immune system 
not only does not reject the fetus but also helps the fetus 
to implant and develop within the uterus (1). It is well 
established that in a normal pregnancy, maternal immune 
responses at the feto-maternal interface are precisely 
controlled by immunoregulatory mechanisms (1, 2). In 
contrast, failure in the immune response fine-tuning leads to 
disturbed pregnancy outcomes such as recurrent spontaneous 
abortion (RSA) and preeclampsia (2-4). The pattern of the 
immune cells and immunoregulatory mediators produced 
within the decidua play a crucial function in the maintenance 
of tolerance toward the semi-allogeneic fetus (5). Recently, 
immunological disorders are reported as the main players in 
the etiology of idiopathic RSA (6).  

A wide range of immune cells such as natural killer 
cells (NK), macrophages (MQ), T lymphocytes, natural 
killer T cells (NKT), regulatory T cells (Tregs), and 
Dendritic cells (DCs) are present in the pregnant uteri (7). 

Among these cells, uterine DCs (uDCs) are considered 
the major regulators of the immune responses, mainly 
present at the interface of the innate and acquired 
immune responses, adjusting T-cell mediated immunity 
and stimulating the induction of regulatory T-cells, etc. 
These immunoregulatory mechanisms collectively lead 
to tolerogenic microenvironment and protection of semi-
allogeneic embryo (8, 9). uDCs are not only crucial for the 
generation of maternal immunologic tolerance but also 
essential for the implantation of embryo via regulating 
stromal cell differentiation and vascular maturation and 
remodeling (10). It is supposed that decidual DCs may 
also play an important role in the etiology of RSA, and 
any disturbance in their distribution, maturation state, and 
function could affect the pregnancy outcome that may 
lead to a disturbed pregnancy (11).

It is well-established that the number, phenotype, 
and maturation state of DCs determine the tolerogenic 
or stimulatory nature of the immune response and its 
intensity (12). uDCs in a normal pregnancy usually have 
an immature phenotype and are functionally impaired in 
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terms of immunogenic antigen presentation and T-cell 
activation (12, 13). In contrast, some functional changes 
in decidual DCs have been reported in pathological 
conditions such as RSAs and preeclampsia (14, 15). It 
is well-proven that the tissue environment (including 
cellular context and secreted factors) profoundly affects 
the maturity and function of DCs (16, 17). In other 
words, the behavior of uDCs is extremely controlled by 
the microenvironment in which they are developed (18). 
Therefore, it is supposed that the microenvironment of 
decidua can either foster DCs to promote cell toleration at 
the fetal-maternal interface or trigger an immune response 
that is associated with fetal rejection (12). 

Regarding the importance of immune system failures, 
particularly dendritic cells (DCs) malfunctions in 
unexplained RSA, several therapeutic protocols 
based on immune modulation have been developed, 
including paternal leukocyte immunization, and aspirin, 
progesterone, and immunoglobulins administration. These 
treatments have yielded some promising results, although 
several controversial outcomes have also been reported 
(19). In recent years, the treatment of RSA using MSCs 
has been implicated due to their immunomodulatory 
properties, low immunogenicity, and ability to migrate to 
the site of inflammation prefrentially (20-22).

In our previous study, we showed that the administration of 
MSCs to an abortion-prone murine model (CBA/J×DBA/2) 
improved fetal survival and reduced the rate of abortion 
(20-22). Consequently, we demonstrated that MSCs could 
be a suitable potential candidate for the treatment of RSA. 
MSCs have been shown to exert immunomodulatory effects 
on immune cells, especially DCs. Recent studies have 
demonstrated a critical role for MSCs in the modulation of 
DCs differentiation, maturation, and function (23, 24). 

In this study, we hypothesized that MSCs might exert their 
protective effects, at least in part, by modulating the context 
of the DC of uterine. Thus, the frequency, phenotype, and 
maturation stage of uDCs in abortion-prone pregnant mice 
following MSCs therapy were evaluated.

Material and Methods
Mice and mating

In this experimental study, female CBA/J (6-10 weeks 
old), male BALB/c, and male DBA/2 (8-10 weeks old) 
mice were obtained from the Pasteur Institute of Iran 
(Tehran, Iran), housed in an animal facility under optimal 
condition of temperature, humidity, and 12-hours light/
dark cycle. All animals were handled under procedures 
approved by the Ethical Committee of Tarbiat Modares 
University (IR.TMU.REC.1394.286).

Female CBA/J mice were allowed to mate with male 
DBA/2 or BALB/c mice by overnight cohabitation and then, 
checked for vaginal plug every morning. The day of vaginal 
plug observation was considered the day 0.5 of pregnancy. 

The mating of female CBA/J mice with male DBA/2 was 

determined as the immunogenic-abortion mouse model. 
1×106 adipose-derived MSCs were intraperitoneally injected 
to DBA-mated CBA/J females at the implantation period (the 
day 4.5 of gestation) (MSCs-treated group, n=5). Female 
CBA/J mice in the control group (CBA/J×DBA/2) just 
received phosphate-buffered saline (PBS) at the implantation 
time (n=5). PBS-treated BALB/c-mated females (n=5) were 
used as the normal pregnant controls. 

Mesenchymal stem cells isolation and characterization
MSCs were obtained from adipose tissue of CBA/J mice 

(5-7 weeks), as we described previously (20-22). Simply, 
abdominal fat tissue from non-pregnant CBA/J mice was 
cut into small pieces and carefully exposed and digested by 
collagenase type I (Gibco, Germany). The obtained cells 
were cultured in DMEM supplemented with 10% heat-
inactivated fetal bovine serum (FBS, Gibco, Germany). 
Non-adherent hematopoietic cells were removed after 18-
24 hours and adherent cells were cultured to the second 
passage when the cells were used for the administration. 
MSCs were characterized through the evaluation of 
their expressed cell surface markers by flow cytometry 
(FACSCanto, BD, San Jose, CA, USA) and capability to 
differentiate into adipocytes and osteoblasts. 

Pregnancy outcome and preparation of uterine cells
Pregnant mice were sacrificed on the day 13.5 of 

gestation, and their uteri horns were completely removed. 
The abortion rate was recorded as we described previously 
(11, 20). After complete removal of fetuses and placenta, 
the uteri were minced into small fragments and digested 
using 1mg/ml collagenase IV (Roch, Germany) and 0.2 
mg/ml DNase (Sigma-Aldrich, St. Louis, USA). Digested 
tissue was then filtered through a 70 μm strainer and 
washed twice in cold PBS. Finally, cells were collected 
and re-suspended in cold PBS.

Flow cytometry analysis 
Single cells prepared from the uterus were treated 

with antibody against CD16/CD32 (anti-Fcγ receptor 
III/ II antibody) to avoid non-specific antibody binding 
through Fc receptors blockage. Cells were then washed 
twice with ice-cold PBS (pH=7.2) and stained with PE-
conjugated hamster anti-mouse CD11c and one of the 
APC-conjugated monoclonal antibodies (anti-MHC-
II, anti-CD86, anti-CD11b, and anti-CD40) and APC-
Cy7-conjugated antibody (anti-CD45) (all antibodies 
obtained from eBioscience, San Diego, USA). Cells were 
subsequently analyzed by flow cytometry (FACSCanto 
II, BD, San Jose, CA, USA) and the obtained data were 
analyzed using the FlowJo software (version 6.07). The 
uterine cells were selected on dot plots of side and forward 
scatters. CD45-positive cells as uterine leukocytes were 
gated and the frequency of CD11c-positive cells (mouse  
uDCs) was evaluated in uterine leukocyte population 
(Fig.1). The expression of the DC lineage marker (CD11b) 
and co-stimulatory molecules (CD40, CD86, and MHC-
II) were assessed on CD11c+ cells.   
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Fig.1: On the day 13.5 of gestation, single cell suspensions were prepared from uteri of MSCs-treated, MSCs-untreated and normal pregnant 
mice. The cells were stained with monoclonal antibodies against CD45 and CD11c and analyzed by flow cytometry. A.  Representative dot plots 
were gated on forward versus side scatter (FSC/SSC) to determine uterine cells population, B. CD45+ cells were gated on selected uterine cells, 
and C. Than CD11c+ cells selected among the CD45+ cells to show the percentage of uDCs. MSCs; Mesenchymal stem cells and uDC; Uterine 
dendritic cells.

Statistical analysis
The differences between the groups were evaluated 

using a standard parametric test (One- way ANOVA 
test)  followed by Turkey post hoc tests, after approval 
of the normal distribution of the obtained data by 
the Kolmogorov-Smirnov test. The results were 
considered statistically significant if the P was less 
than 0.05. The results were presented as the mean 
and standard deviation (mean ± SD) of five separate 
experiments. All statistical analyses were performed 
using the Prism software (version  6.07).

Results

Characterization of mesenchymal stem cells 

Flow cytometry analysis confirmed that MSCs 
strongly express typical markers such as Sca-1, CD90, 
CD105, CD29, and CD73 while they were negative 
for the expression of hematopoietic markers including 
CD45, CD34, CD11b, and MHC-II. The differentiation 
potency of MSCs into adipocyte was demonstrated by 
the observation of triglyceride-containing vacuoles in 
the cell cytoplasm, by oil red staining. Alizarin-red 
S staining of calcium accumulation also showed the 
osteogenic potential of MSCs (data not shown).

Effect of mesenchymal stem cells therapy on 
pregnancy outcome

In accordance with our previous results (20, 22) we 
found that MSCs administration during the implantation 
window remarkably decreased the abortion rate in the 
abortion-prone mouse model. A statistically significant 
lower abortion rate was shown in the MSCs-treated 
mice compared with the control group (6.5 ± 6.08 vs. 
34.6 ± 7.7, P<0.001). The abortion rate in the normal 
pregnant group was 5.3 ± 4.3.

 Effect of mesenchymal stem cells treatment on 
uterine dendritic cells

The flow cytometry analysis demonstrated that the 
average density of uDCs was significantly higher in 
the MSCs-treated mice compared with the control 
group (12.3 ± 1.5% vs. 6.5 ± 1.3%, P<0.0001, Fig.2). 
Notably, we observed that the mean frequency of 
uDCs in the MSCs-treated group was similar to 
normal pregnant control mice (12.3 ± 1.5% vs. 11.2 
±1.2, P=0.3, Fig.2). Meanwhile, we found that the 
average percentage of uDCs in the control group 
(abortion-prone mice) was noticeably lower than the 
normal pregnant and MSCs-treated groups (6.5 ± 1.3% 
vs. 11.2 ± 1.2%, P<0.001) and (6.5 ± 1.3% vs. 12.3 ± 
1.5%, P<0.0001) respectively (Fig.2). 

Further analysis showed that the expression of CD86, 
CD40, and MHC-II markers on the uDCs in control 
group (abortion-prone mice) (39.2 ± 2.8%, 27.6 ± 
2.9%, and 62.5 ± 2.1% respectively) was noticeably 
higher than normal pregnant group (16.5 ± 2.5%, 
5.7 ± 1.7%, and 45.6 ± 3.2%, respectively, P<0.001, 
P<0.0001, P<0.001, Fig.3). MSCs administration 
caused a significant decrease in the expression of the 
early-mentioned co-stimulatory molecules on uDCs of 
MSCs-treated mice (24.3 ± 2.2%, 10.7 ± 2.1%, 47.7 
± 2.5%) compared with the control group (P<0.001, 
P<0.001, P<0.01, Fig.3). 

Further investigations indicated that the relative 
percentage of CD11b+ uDCs in normal pregnant mice 
(92.5 ± 3.5%) was higher than the control group 
(abortion-prone group) (72.6 ± 4.8%, P<0.0001). 
Treatment with MSCs did not change the frequency 
of CD11b-positive cells in uterus compared with the 
control group (75.3 ± 4.5% vs. 72.6 ± 4.8%, P=0.3, 
Fig.3). 

A B C
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Fig.2: The effect of MSCs administration on frequency of uDCs. A. The dot plots show the percentage of uDCs (CD11c+ cells) in MSCs-treated, untreated 
group (control-group) and normal pregnant groups. The plots are representative of five independent experiment in each group and B. The graph indicates 
that MSCs administration significantly increased the frequency of DCs in uterine. The differences between the groups were evaluated using a standard 
parametric test (one-way ANOVA test). The results show the mean ± SD of five independent experiments. ***, ****; P<0.001 and P<0.0001 respectively, 
MSCs; Mesenchymal stem cells, uDC; Uterine dendritic cells, and NS; Not significant.

Fig.3: The effect of MSCs administration on the immunophentype of uDCs. The uterine cells were isolated from uterine of MSC-treated, un-treated group (control-
group) and normal pregnant (normal-pregnancy) mice at the gd 13.5, stained with monoclonal antibodies against CD45, CD11c and one of the monoclonal 
antibodies (anti-MHC-II, anti-CD86, anti-CD11b and anti-CD40) then analyzed by flow cytometry. A. The CD11c positive uDCs were selected from the CD45+ cells of 
whole uterine cell population. Then the expression of CD11b, CD86, CD40 and MHC-II on uDCs was evaluated .The red histograms show the isotype controls and B. 
The graphs indicate that MSCs administration significantly decreased the expression of MHC-II and co-stimulatory molecules (CD86, CD40) on uDCs while CD11b+ 

DCs were not changed following MSC therapy. The differences between the groups were evaluated using a standard parametric test (one-way ANOVA test). The 
results show the mean ± SD of five independent experiments. **, ***, and ****; P<0.01, P<0.001, and P<0.0001 respectively, MSCs; Mesenchymal stem cells, uDC; 
Uterine dendritic cells, and NS; Not significant.

A

B

A B
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Discussion
Because of immunosuppressive properties of MSCs, 

they display therapeutic efficacy for the treatment of 
various immune-related diseases such as inflammatory, 
auto-immune and graft-versus-host (GVH) diseases (23). 
Many studies have reported that MSCs can diminish the 
clinical relapse rate in GVHD and ameliorate the function 
of defective organs in autoimmune disease models (25). 
Moreover, MSCs transplantation was shown to be safe 
due to their low immunogenicity (23).  However, there 
are some limitations in the use of stem cells for cell 
therapy such as the potential malignancy development, 
finite replicative lifespan, ethical consideration, and 
the probability of somatic mutation. However, these 
disadvantages are most common in the case of using 
embryonic stem cells and induced pluripotent stem cells 
(iPSCs) not MSCs (26). In our previous studies (20-
22), we also showed that MSCs therapy could improve 
fetal survival and reduce the abortion rate in abortion-
prone mice. Many studies have reported that fetal death 
in this model is related to the aberrant immune response 
including malfunction of NK cells and MQ, increment 
of Th1 cytokines, and the reduction of regulatory T cells 
frequency (27). Understanding the precise mechanisms 
accounting for the positive effect of MSCs on reducing 
the abortion rate in abortion-prone mice seems to be 
crucial. Based on the importance of uDCs in the induction 
of specific tolerogenic state required for proper maternal 
immune responses and the establishment of successful 
pregnancy, we investigated whether MSCs are capable of 
regulating uDCs recruitment and maturation state during 
gestation and finally improving pregnancy outcome. 

Our results showed that uDCs are significantly less 
frequent in the uteri of abortion-prone mice compared 
with the normal pregnant animals. MSCs-therapy caused 
a significant upregulation in the frequency of uDCs which 
came close to the normal pregnancy.

It is well-defined that uDCs play a crucial role in the 
maintenance and development of pregnancy as the 
activators and regulators of T-cell immunity (12). uDCs 
are not only essential for the induction of tolerogenic 
responses against the semi-allogeneic embryo but also 
play an important role in uterine receptivity and vascular 
maturation during the implantation of the embryo 
(10). Fine-balance of uDCs frequency is crucial for the 
establishment and development of a successful pregnancy. 
In agreement with this idea, Krey et al. (28) reported that 
the depletion of uDCs before the implantation leads to 
pregnancy failure due to disturbed embryo implantation 
and decidualization. Also, according to Tirado-González 
et al. (15) the number of decidual DC-SIGN+ cells in 
human RSA cases were considerably decreased compared 
with the normal pregnancies. Furthermore, it was shown 
that the administration of syngeneic DCs to an abortion-
prone murine model reduces the rate of abortion, yet the 
mechanism underlying this function is poorly understood 
(29). 

It was shown that MSCs exert immunomodulatory 
effects on immune cells (especially DCs) through the 
secretion of various components, as well as a direct cell-
cell contact (23). Numerous in vitro studies demonstrated 
that MSCs suppress the generation of myeloid DCs from 
both monocytes and CD34+ cell precursors. However, 
the immunosuppressive effect of MSCs is related to their 
surrounding microenvironment, which plays a decisive 
role in determining their function (30). It is now known 
that inflammatory cytokines such as IFN-γ and TNF-α 
augment the immunomodulatory roles of MSCs (20, 31). 
A large body of research has reported the dominance of 
inflammatory responses in the decidua, at the beginning 
of pregnancy and during the implantation period, 
when we also have administered the MSCs (1). This 
inflammatory situation not only helps the attraction and 
migration of MSCs to the uterine but also enhances their 
immunomodulatory effects (31, 32). 

Of note, MSCs produce several cytokines and 
chemokines, including colony stimulating factor (CSF-
1), granulocyte-monocyte colony stimulating factor 
(GM-CSF), IL-8, and CCL2, playing major roles in 
recruiting the immune cells, particularly DCs within the 
uterus (23). It was shown that GM-CSF could promote DC 
differentiation in vitro, as well as enhancing DC expansion in 
vivo (33). MSCs may also regulate the trafficking of immune 
cells (especially uDCs) toward the endometrium through 
modulating the secretion of GM-CSF by uterine epithelial 
cells. Tremellen et al. (34) demonstrated that GM-CSF 
synthesis is upregulated in uterine epithelial cells by seminal 
factors, especially TGF-β. TGF-β is also among the most 
important cytokines secreted by MSCs (23). 

Moreover, our findings showed that uDCs in MSCs-
untreated abortion-prone mice were more mature 
compared with the normal pregnant mice. MSCs therapy 
dramatically decreased the expression of MHC-II and 
co-stimulatory molecules (CD86, CD40) on uDCs.  It 
is believed that the maturation stage of uDCs also plays 
an essential role in the etiology of RSA (12). uDCs in 
normal pregnancy are mostly immature and inefficient 
for the induction of immunogenic T-cells response (13). 
Consistent with this idea, Blois et al. proposed that the 
increased number of mature uDCs might be associated 
with a high rate of abortion in CBA/J×DBA/2 mating 
(12). Also, Askelund et al. (35) showed that, at 8 weeks of 
gestation, mature (CD83+) uDCs were significantly more 
frequent in women with RSA than the normal controls. 
It seems that these abnormally high immunogenic 
uDCs can prevail the tolerance to the fetal alloantigens 
and eventually lead to fetal rejection (12). There is 
a substantial body of evidence from in vitro studies 
revealing that MSCs can decrease the expression of 
MHC-II and co-stimulatory molecules on DCs (23, 36). 
MSCs secrete critical mediators such as IL-10, TGF-β1, 
and PGE2, which are major regulators of DCs (23). This 
immunoregulatory factors prevent the maturation of DCs 
and induce tolerogenic DCs that are essential for a normal 
pregnancy (37, 38).
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Several studies demonstrated the beneficial effects of 
stem cell-based therapy on the treatment of inflammatory 
and autoimmune diseases through the upregulation of 
anti-inflammatory cytokines, and remarkable reduction in 
the expression of pro-inflammatory cytokines (39, 40). In 
our previous studies, we also reported that MSCs therapy 
in abortion-prone mice could modulate the pattern of 
inflammatory and anti-inflammatory cytokines (20, 21). 
Regarding the substantial role of immunoregulatory 
cytokines (especially IL-10 and TGF-β) in modulating 
the phenotype and maturation stage of uDCs at the 
feto-maternal interface (12, 13), it seems that increased 
release of these cytokines following MSCs-therapy could 
be taken into account as one of the major mechanisms 
responsible for the induction of tolerogenic DCs. 

Conclusion
Collectively, our results propose that MSCs therapy can 

normalize the frequency and maturation state of uDCs 
in abortion-prone mice. Since, the deregulated immune 
response is known to be the central player in the etiology 
of abortion in this model and accepted immunomodulatory 
effects of MSCs on immune cells especially DCs, as well 
as considering the key role of uDCs in the induction 
of tolerogenic response to fetal alloantigens and the 
development of normal pregnancy, it seems that the 
modulation of uDCs by MSCs could be one of the primary 
mechanisms accounting for the positive effect of MSCs in 
RSA therapy. 
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Abstract
Objective: During the cultivation of spermatogonial stem cells (SSCs)   and their conversion into embryonic stem-like 
(ES-like) cells, transitional ES-like colonies and epiblast-like cells were observable. In the present experimental study, 
we aimed to analyze the efficiency of the multipotency or pluripotency potential of ES-like cells, transitional colonies 
and epiblast-like cells. 
Materials and Methods: In this experimental study, SSCs were isolated from transgenic octamer-binding transcription 
factor 4 (Oct4)-green fluorescent protein (GFP)-reporter mice. During cell culture ES-like, transitional and epiblast-
like colonies developed spontaneously. The mRNA and protein expression of pluripotency markers were analyzed by 
Fluidigm real-time polymerase chain reaction (RT-PCR) and immunocytochemistry, respectively. Efficiency to produce 
chimera mice was evaluated after injection of ES and ES-like cells into blastocysts.            
Results: Microscopic analyses demonstrated that the expression of Oct4-GFP in ES-like cells was very strong, in 
epiblast-like cells was not detectable, and was only partial in transitional colonies. Fluidigm RT-PCR showed a higher 
expression of the germ cell markers Stra-8 and Gpr-125 in ES-like cells and the pluripotency genes Dppa5, Lin28, Klf4, 
Gdf3 and Tdgf1 in ES-like colonies and embryonic stem cells (ESCs) compared to the epiblast-like and transitional 
colonies. No significant expression of Oct-4, Nanog, Sox2 and c-Myc was observed in the different groups. We showed 
a high expression level of Nanog and Klf4 in ES-like, while only a partial expression was observed in transitional 
colonies. We generated chimeric mice after blastocystic injection from ES and ES-like cells, but not from transitional 
colonies. We observed that the efficiency to produce chimeric mice in ES cells was more efficient (59%) in comparison 
to ES-like cells (22%).                   
Conclusion: This new data provides more information on the pluripotency or multipotency potentials of testis-derived 
ES-like cells in comparison to transitional colonies and epiblast-like cells.  
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Introduction

It is well known that mouse spermatogonial stem cells 
(SSCs) are unipotent stem cells, which express both 
pluripotency and germ cell markers (1-3). SCCs are 
capable of spontaneously transforming into pluripotent 
embryonic stem (ES)-like cells under germ cell culture 
conditions without the artificial addition of exogenous 
pluripotency genes or small molecules (1, 4, 5). These 
pluripotent ES-like cells in turn can convert into several 
cell lineages including the three embryonic germ layers 
and germ cells (1, 5-8). 

Kanatsu-Shinohara et al. (5), produced ES-like cells 
within 4-7 weeks post-culture initiation in neonatal SSC 
cultures for the first time, and were followed by other 
groups, who showed that these pluripotent stem cells can 
be derived from the murine testis cells from up to 7-week 
old adolescent mice (1, 5). In the study by Kanatsu-
Shinohara et al. (5), the ES-like cells played an active part 
in their transformation into germline chimeras following 
injection into blastocysts. These findings demonstrated 
the pluripotency of SSCs or neonatal testis-derived 

gonocytes; however, the derivation processes of ES-like 
cells from SSCs remained unclear. Other more studies 
have successfully generated different populations of 
Stra8-positive, GPR125-positive and Oct4-positive SSCs 
from ES-like cells (4, 6, 7). In a study by Guan et al. (7) 
multipotent ES-like cells could be derived from Stra8-
positive SSCs from 7 week old mice, in vitro. Similar to 
the study by Kanatsu-Shinohara et al. (5) under in vitro and 
in vivo conditions, these cells could differentiate into all 
three germ layers in vitro and produced teratomas. After 
injection of Stra8-positive SSCs into blastocysts chimeras 
was formed (7). After mating, the chimera transmission to 
the next generation was observed. Germline transmission 
of Stra8-GFP-positive ES-like cells was not evaluated. 
Ko et al. (4) repeated the induction of pluripotency in 5-7 
weeks Oct-4-GFP-positive adolescent SSCs. The authors 
described that the induction of differentiation dependends 
on the initial number of plated SSCs and the length of 
Oct4-positive cell culturing time without splitting. They 
manually picked the heterogonous Oct4-GFP-positive 
SSCs and demonstrated the relation between a certain 
number of SSCs (1000-4000) and a culture duration of 
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2-4 weeks for the induction of pluripotency. In a published 
protocol, this group described the conversion of SSCs 
into pluripotent stem cells only with SSCs of adolescent 
mice from postnatal day 35 (5 weeks old). The generated 
cells fulfilled the same criteria described by Kanatsu-
Shinohara et al. (5) and Guan et al. (7). In another study 
this group generated ES-like cells from unselected testis 
cells of a testis biopsy (9). Seandel et al. (6) produced 
adult spermatogonial-derived stem cells from GPR-125 
LacZ-positive cells in 3-week to 8-month old mice, but 
these cells were only multipotent, because no germline 
transmission was observed in the chimera. 

Although we have not come to a complete 
understanding of the reprogramming mechanism and the 
establishment of ES-like cells from SSCs, it is obvious 
that the reprogramming process is influenced by various 
conditions. These include the age of the donor animals the 
SSC plating density, the time period post-culture initiation, 
the culture duration, and the cell population variations 
observed while in culture (1, 5, 7, 10). Furthermore, during 
conversion to pluripotent cells different types of colonies 
can be observed, including ES-like cells, epiblast-like 
cells and semi-transmitted transitional colonies (1, 6, 7). 

In the current study, the multipotency or pluripotency 
potentials of testis-derived ES-like cells, epiblast-like 
cells and transitional colonies were examined by using 
molecular characterizations and chimera assays in 
comparison to ESCs. 

Materials and Methods
Isolation of embryonic stem-like cells, epiblast-like 
cells and transitional colonies

All animal care was performed according to guidelines 
of the Institute for Anatomy and Cell Biology of 
Heidelberg University (Heidelberg, Germany) and the 
Royan Institutional Review Board and Institutional 
Ethical Committee (Tehran, Iran). Testis cells were 
isolated from 4-week old C57BL/6 Oct4-promoter 
reporter GFP transgenic mice after decapsulation and 
treatment by a one-step enzymatic digestion protocol. 
Germline stem cells (GSCs) were established according 
to our previous study (1). The above-mentioned produced 
colonies were sub-cultured in mouse ES cell medium with 
KnockOut™ Dulbecco’s Modified Eagle’s Medium (KO-
DMEM) or DMEM high-glucose medium (Invitrogen, 
USA), supplemented with 15% fetal bovine serum 
(FBS, Invitrogen, USA), 1% Non-Essential Amino Acid 
(NEAA) solution (Invitrogen, USA), 1% L-glutamine 
(Invitrogen, USA), 1% Pen-Strep (PAA) (Invitrogen, 
USA), 0 .1% β-mercaptoethanol (Invitrogen, USA) and 
leukemia inhibitory factor (LIF, Millipore, USA) at a final 
concentration of 1000 U/ml (1). 

Fluidigm biomark system gene expression analyses

The expression of various pluripotency- and germ cell-
associated genes Oct4, Nanog, Sox2, Klf4, c-Myc, Lin28, 

Gdf3, Tdgf1, Dppa-5, Stra8 and Gpr-125 was analyzed 
utilizing dynamic array chips (Table 1). The housekeeping 
gene, Gapdh, was selected for normalization of data in 
different cultured cell types, including ESCs, ES-like 
cells, epiblast-like cells and transitional colonies. The 
expression fold change of mRNA was compared to mouse 
embryonic fibroblasts (MEF) feeder cells as an additional 
control. With the help of a micromanipulator (Narashige 
Instruments) about 50 cells were manually selected from 
each sample. Afterwards, the selected cells were lysed with 
a special lysis buffer containing 9 μl RT-PreAmp Master 
Mix (5.0 μl Cells Direct 2× Reaction Mix) (Invitrogen, 
USA), 2.5 μl 0.2× assay pool, 0.2 μl RT/Taq Superscript 
III (Invitrogen, USA) and 1.3 μl TE buffer and directly 
frozen and stored at -80˚C. The targeted transcripts were 
quantified with TaqMan real-time PCR on the BioMark 
real-time quantitative PCR (qPCR) system (Fluidigm, 
USA), with TaqMan gene expression assays (Invitrogen, 
USA) in 48.48 dynamic arrays. Two technical replicates 
were processed to analyze every sample. The CT values 
were analysed with GenEx software from MultiD, Excel 
and SPSS (1, 3, 11). 

Immunocytofluorescent staining

For immunocytochemistry each cell type was cultured 
in 24-well plates and fixated in 4% paraformaldehyde. 
After rinsing, the samples were permeabilized with 
0.1% Triton/phosphate buffered saline (PBS, Sigma, 
USA) and unspecific staining sites were blocked with 
1% bovine serum albumin (BSA)/PBS. The cells 
were incubated overnight with primary antibodies for 
Nanog (Abcam, USA) and Klf4 (Cell Signaling, USA). 
After rinsing several times with PBS, the cells were 
incubated with species-specific secondary antibodies 
conjugated to different fluorochromes. Afterwards, the 
stained cells were counterstained with DAPI (0.2 µg/
ml 4’, 6-diamidino-2-phenylindole) (Sigma, USA) for 
3 minutes at room temperature and fixed with Mowiol 
4-88 reagent (Sigma, USA). As a negative control for 
all antibodies, the omission of each primary antibody 
in the sample was performed. The labeled cells were 
examined with a confocal microscope (Zeiss LSM 
700) and images were obtained using a Zeiss LSM-
TPMT (1, 2). 

Production of chimeric mice 

The differentiation potentials of ES cells and ES-
like cells in vivo was examined utilizing chimera 
generation. At 3.5 days post-coitus, blastocysts were 
harvested from super-ovulated female mice and 
placed in M2 medium. Subsequently, 10-15 single-cell 
colonies were transferred into each blastocyst. About 
10 injected embryos were surgically transplanted into 
the uterine horns of pseudo-pregnant recipient female 
mice. The coat color of the chimera mice was used for 
their identification (1).
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Table 1: List of the TaqMan gene expression assays for multiplex quantitative reverse transcription-polymerase chain reaction (qRTPCR)

Gene Gene name Species Assay ID

Dazl Deleted in azoospermia-like Mouse Mm00515630_m1

Ddx4 or Vasa DEAD (Asp-Glu-Ala-Asp) box polypeptide 4 Mouse Mm00802445_m1

Zbtb16 or Plzf Zinc finger and BTB domain containing 16 Mouse Mm01176868_m1

Stra-8 Stimulated by retinoic acid gene 8 Mouse Mm01165142_m1

Nanog Nanog homeobox Mouse Mm02384862_g1

Lin28a Lin-28 homolog A (C. elegans) Mouse Mm00524077_m1

Tdgf1 Teratocarcinoma-derived growth factor 1 Mouse Mm00783944_g1

Dppa5 Developmental pluripotency associated 5 Mouse Mm01171664_g1

Gdf3 Growth differentiation factor 3 Mouse Mm00433563_m1

Pou5f1 or Oct-4 POU domain, class 5, transcription factor 1 Mouse Mm03053917_g1

Sox2 SRY (sex determining region Y)-box 2 Mouse Mm00488369_s1

Gapdh Glyceraldehyde-3-phosphate dehydrogenase Mouse Mm99999915_g1

Statistical analysis

The experiments were repeated at least three 
times. The average gene expression in each group 
was quantified, and One-way analysis of variance 
(ANOVA) followed by the Tukey’s post-hoc tests was 
employed to evaluate the experimental results. 

Results

Characterization of embryonic stem-like cells, 
epiblast-like cells and transitional colonies

The characterization of the GSCs was established as 
described in our previous study (1). During passages of 
GSCs, we rarely found colonies which were similar to 
mouse ESCs that expressed high levels of Oct4-GFP, 
transitional colonies with partial expression of Oct4-

GFP, or and epiblast-like cells without expression 
of Oct4-GFP. About two months after initiation of 
GSC cultivation, according to morphological criteria 
and the re-occurring Oct4-GFP reporter signal, ES-
like colonies, epiblast-like colonies and transitional 
colonies were observed (Fig.1). 

The ES-like colonies had a packed spindle- to 
round-shaped morphology with smooth borders and 
expressed the Oct4-GFP signal at a very high intensity 
throughout the whole area of the colonies (Fig.1A). 
In contrast, the epiblast-like cell colonies had a flat 
morphology with no expression of Oct4-GFP (Fig.1B). 
The transitional cell colonies were characterized by 
a jagged, irregular or uneven border with a partial 
expression of Oct4-GFP in some areas of the colonies 
(Fig.1C).  
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Fig.1: Different types of colonies are observed in spermatogonial stem 
cells (SSCs) cultures. Cell morphology and Oct4-GFP signals in A1. ES-
like colonies, B1. Epiblast-like cells, C1. Transitional colonies, A2, B2, 
and C2. Show expression level of Oct4-GFP in the related cells (scale 
bar: 100 µm). 

In the next step, we examined the expression of 
pluripotency markers with Fluidigm RT-PCR for the 
ES cells, the ES-like, epiblast-like, and transitional 
colonies (Fig.2). The germ cell markers Stra8 and 
Gpr125 were expressed more strongly in the ES-
like cells compared to any other group (P<0.05, 
Fig.2). Furthermore, higher expression levels of 
the pluripotency genes Klf4, Gdf3 and Lin28 were 
observed in ES-like cells and ESCs in comparison 
to the epiblast-like and transitional colonies (Fig.2). 
We also observed a significantly higher expression 
of Tdgf1 in ESCs in comparison to the other groups 
(P<0.05, Fig.2). While the expression of Dppa5 in the 
ES-like cells was significantly higher than in the other 
groups, we did not observe any significant difference 
in the expression of Oct4, Nanog, Sox2 and c-Myc 
among the groups (Fig.2). 

Furthermore, by immunocytochemistry we detected 
Oct4-GFP positive cells in the ES-like colonies that 
were strongly stained for Nanog (Fig.3A1-3), and 
KLF4 (Fig.3, B1-3), while the transitional colonies 
only partially expressed Oct4-GFP and Nanog. Similar 
to the ES-like cells, in the transitional colonies there 
were areas that were partially positive for both Oct4-
GFP and KLF4 (Fig.3). 
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Fig.2: mRNA expression of pluripotency and germ cell genes. Analysis was performed 
comparing embryonic stem cells (ESCs), ES-like colonies, epiblast-like cells (EP) 
and transitional colonies (TR). Y-axis denotes fold change of mRNA expression 
in comparison to MEF feeder cells. Significance of the difference between the 
different groups was determined with t test. a; At least P<0.05 versus other  groups, 
b; At least P<0.05 versus EP and TR cells, and MEF; Mouse embryonic fibroblasts. 

Chimeric mice production
In an additional experiment, we investigated the efficiency 

of the generation of chimeric mice with blastocyst injection of 
mouse ESCs and ES-like cells. We injected 164 embryos with 
ESCs and 169 embryos with ES-like cells that differentiated 
into blastocysts, which were implanted into a foster mother. 
We observed after embryo transfer 86 live births from 
ESCs and 41 from the ES-like group. The efficiency of the 
production of chimeric mice with ESCs was more efficient 
than the ES-like cells. Overall, 51 (59.3%) chimeric mice 
were generated after injection of ESCs and 9 (22%) chimeras 
from ES-like cells.  
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Fig.3: Immunocytochemical characterization of reprogrammed embryonic stem (ES)-like and transitional colonies. A1-A3. Oct4-GFP positive cells in the ES-like colonies are 
positive for the markers of Nanog, B1-B3. Klf4, while transitional colonies partially express Oct4-GFP signal, C1-C3. Nanog, and D1-D3. KLF4 (scale bar: 50 µm).

Discussion 
In our study we demonstrated that ES-like, epiblast-like 

and transitional colonies all emerge during the conversion 
stage of unipotent GSCs into pluripotent cells, but only 
ES-like cells possess pluripotent stem cell potentials. 
Epiblast-like colonies are Oct4-GFP negative and are 
unable to shift to a pluripotent state. Transitional colonies 
are heterogeneous with only a partial expression of 

pluripotency genes. Only the strongly Oct4-GFP positive 
ES-like cells expressed a full network of pluripotency 
genes and contributed to the chimera assays. On the other 
hand, and in contrast to ESCs, the ES-like cells in parallel 
still strongly express the germ cell specific genes Stra-8 
and Gpr-125. 

It is well documented that the transcriptional factor 
network of Oct-4, Nanog and Sox2 controls the 
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pluripotency state in ESCs and is essential for the 
reprogramming of somatic cells into induced pluripotent 
stem cells (IPSCs) (12). This network blocks the expression 
of different lineage-specific genes and thus sustains 
pluripotency of the cells, preventing their differentiation 
(13). The level of expression of pluripotency gene is 
critical for the maintenance of pluripotency state (3, 14). 
In the colonies from the Oct4-GFP reporter mice, the 
GFP signal was strongly present only in the ES-like cells 
and partially in the transitional colonies. We confirmed 
that the expression of the pluripotency markers Nanog, 
and C-Myc in ES-like, transitional and epiblast-like cells 
was at similar levels in comparison to ESCs, while Sox2 
was only strongly expressed in mouse ESCs. Our study 
also demonstrated partial and low expression levels of 
Lin28 and Klf4 in transitional and epiblast-like cells. The 
mRNA expression profiling confirmed that the expression 
levels of pluripotency markers were not the same, and 
significant differences were detected even between mouse 
ESCs and ES-like cells. 

It has been suggested that the Oct4 protein, encoded 
by the Pou5f1 gene, is absolutely required for the 
stemness properties of ESCs. During early embryonic 
development, Oct4 is expressed in blastomeres and in 
the inner cell mass (ICM) of the blastocysts, from which 
ESCs are derived in vitro (15, 16). After gastrulation, 
the Oct4 protein is down-regulated in the trophectoderm 
and in the primitive endoderm, but is maintained in 
primordial germ cells (PGCs). PGCs continue to express 
of Oct4 until the initiation of spermatogenesis in males 
or oogenesis in females (16). In concert with Oct4 and 
Sox2, the transcription factor Nanog is a key factor to 
establish ESC identity and to maintain pluripotency. 
Nanog seems to maintain self-renewal in mouse ESCs 
with an independent mechanism of the leukemia 
inhibitor factor (LIF)/signal transducer and activator of 
transcription 3 (Stat3) signalling pathway. The deletion of 
Nanog in mouse ESCs leads to a loss of the pluripotency 
state and induces differentiation into the extra-embryonic 
endoderm cell lineage (17).  It has been shown that SSCs 
express all of the different Yamanaka factors (Oct3/4, 
Sox2, Klf4, c-Myc) at the mRNA level (11, 18), while 
mRNA for Sox2 is not translated into a protein (19). It 
has been documented that blastocysts with a deficiency in 
Sox2 lose their pluripotent state, therefore are unable to 
shape a pluripotent ICM (20). Klf4 has also been shown 
to be an important transcription factor for the regulation of 
pluripotency in cells (21). Klf4 accompanied by the genes 
Oct4, Sox2 and c-Myc, is the main transcription factor for 
the generation of iPSCs from somatic cells (21, 22). Lin28 
is a marker of ESCs and is expressed in undifferentiated 
mouse SSCs (23).  Gillis et al. (24) reported that Lin28 
might not be present in adult human testes, but they 
observed a high expression in human testicular germ cell 
tumors. We reported significantly high expression levels 
of Lin28 in mouse ES-like cells and ESCs compared to 
both epiblast-like and transitional cells. 

There are diverse controversial challenges about the 

pluripotency and multipotency of ES-like cells (25-
28), including germ cell contribution and germ cell 
transmission.

Although it seems that ES-like cells from 4-week 
old Oct4-promoter reporter GFP transgenic mice have 
pluripotency potentials, in our experiments the efficiency 
for the production of chimeric mice from ESCs and ES-
like cells was different. Our analysis showed that although 
chimeric mice could be generated in 22% of the cases after 
injection of ES-like cells into blastocysts, the efficiency to 
produce chimeric mice was lower than that after injection 
of ESCs (59%). Therefore, although ES-like cells express 
pluripotency markers and produce chimera, the degree of 
chimerism is not the same as the mouse ESCs.

In previous studies, Kanatsu-Shinohara et al. (5) 
microinjected ES-like cells from neonatal mice into 
blastocysts and observed chimerism in 36% (13 of 36) of 
the newborn animals as judged by EGFP-positive cells. 
According to their findings, donor cells were found in 
the central nervous system, liver, heart, lung, somites, 
intestine, and also in the germ cells in the testis of a 6-week 
old animal. Two offspring were obtained after performing 
microinsemination with EGFP-positive spermatids. By 
using the tetraploid complementation technique embryos, 
this group could generate embryos but no living offspring. 
This observation was explained by the altered imprinting 
status of the germ stem cells in comparison to mouse ES 
cells. Guan et al. (7) microinjected blastocysts with SSCs 
from 4 week old mice and detected chimaerism in 39 of 
42 of mice (93%). After mating of chimeric males and 
females, these authors observed germline transmission. 
Furthermore, Ko et al. (4) performed chimera assays and 
observed germline transmission with mES-like cells at a 
lower level than with mouse ES cells. 

Seandel et al. (6) generated GPR125 positive multipotent 
ES-like cells, which contributed to all three germ layers 
in embryoid body (EB) cultures and teratoma assays, 
but did not show germline transmission in chimeric 
embryos. Naive and prime pluripotency states have 
been demonstrated in pluripotent cells (29-32).  Primary 
pluripotent stem cells, similar to late epiblast cells or post-
implantation epiblast cells, could only produce chimeric 
animals to a limited extent (30). Therefore, it might be 
argued that the ES-like cells generated by Seandel et al. 
(6) were primary pluripotent cells (7). 

To better understand the origin of the pluripotent stem 
cells, Guan et al. (33) generated ES-like cells from Stra8-
GFP mice, while Seandel et al. (6) utilized GPR125 
LacZ mice. However, the resulting cell lines were not 
from an initial germ cell population grown from a single 
cell (clonal growth) and from an ideal ES morphology 
(transitional morphology for Seandel) (4). Ko et al. (4) 
described clonal generation of ES-like cells, but the 
source of SSCs is unclear, because at a closer look Oct4-
GFP SSCs lose the fluorescent signal after an initial germ 
cell culture (1, 4). Therefore, the ES-like cells, in which a 
strong GFP signal re-occurs, might have been generated 
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from different types of SSCs or even other cells. In the 
past years, the enhancement of ES-like cell production 
by certain chemicals has been proven. The derivation of 
pluripotent ES-like cells could be expanded by glycogen 
synthase kinase-3 inhibition in neonate mouse testicular 
cultures (28).  

Conclusion
During the culture of mouse testicular GSCs 

from 4-7 week old mice, different types of colonies 
are spontaneously generated, while only ES-like 
colonies are able to reach a full pluripotent state. The 
different types of colonies can be distinguished by 
morphological criteria. Only ES-like and transitional 
colonies show Oc4-GFP reporter signals, “epiblast 
like” colonies are Oct4-GFP negative. In contrast to 
ESCs, Oct4-GFP positive ES-like cells still express the 
germ cell specific genes Stra8 and GPR125, indicating 
that the Oct4-GFP positive ES-like cells maintaine 
their original epigenetic "germ cell memory". The 
remaining epigenetic germ cell-associated traces have 
to be further researched in the future. This observation 
might also be interesting for the generation of germ 
cells from pluripotent ES-like cells. The efficiency to 
produce chimeric mice was more efficient with mouse 
ESCs in comparison to ES-like cells. Further research 
of chimeric mouse production by ES-like cells has to 
be conducted in higher numbers, while analyzing the 
potency of these cells for germline transmission in 
more detail.
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Abstract
Objective: Human embryonic stem cells (hESCs) have the potential to give rise to all types of cells in the human 
body when appropriately induced to differentiate. Stem cells can differentiate spontaneously into the three-germ layer 
derivatives by embryoid bodies (EBs) formation. However, the two-dimensional (2D) adherent culture of hESCs under 
defined conditions is commonly used for directed differentiation toward a specific type of mature cells. In this study, we 
aimed to determine the propensity of the Royan hESC lines based on comparison of expression levels of 46 lineage 
specific markers. 
Materials and Methods: In this experimental study, we have compared the expression of lineage-specific markers in 
hESC lines during EB versus adherent-based spontaneous differentiation. We used quantitative real-time polymerase 
chain reaction (qRT-PCR) to assess expressions of 46 lineage-specific markers in 4 hESC lines, Royan H1 (RH1), 
RH2, RH5, and RH6, during spontaneous differentiation in both EB and adherent cultures at 0, 10, and 30 days after 
initiation of differentiation.             
Results: Based on qRT-PCR data analysis, the liver and neuronal markers had higher expression levels in EBs, 
whereas skin-specific markers expressed at higher levels in the adherent culture. The results showed differential 
expression patterns of some lineage-specific markers in EBs compared with the adherent cultures.                  
Conclusion: According to these results, possibly the spontaneous differentiation technique could be a useful method 
for optimization of culture conditions to differentiate stem cells into specific cell types such ectoderm, neuron, endoderm 
and hepatocyte. This approach might prove beneficial for further work on maximizing the efficiency of directed 
differentiation and development of novel differentiation protocols.  
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Introduction
Embryonic stem cells (ESCs) divide indefinitely and 

give rise to all different cell types during differentiation. 
These unique properties make them invaluable cell 
sources for a wide range of applications in regenerative 
medicine, cell therapy, disease modeling, drug screening, 
gene delivery, and other research. However, despite 
their potential, human ESCs (hESCs) have not been 
successfully introduced into the clinic setting. Numerous 
obstacles must be overcome prior to their efficient 
use in cell replacement therapies. In addition to ethical 
issues that concern the embryonic source of hESCs (1), 
the most important technical challenges that stem cell 
researchers face are concerns about the safety of the cells 
(2), their purity (3), host immune system rejection (4), 
efficiency and reproducibility of differentiation , and cell 

transduction or post-transplantation issues (5). 

Optimization of the current differentiation protocols 
is a major challenge in stem cell research.  The ability 
to efficiently generate pure populations of mature cell 
types from stem cells over a reasonable period of time 
is a major challenge. There are several protocols that 
enable differentiation of hESCs into diverse cell types 
like cardiomyocytes (6, 7), dopaminergic neurons (8), 
definitive endoderm (9), human hepatic competent 
endoderm (10), neural cells (11), and insulin-producing 
cells (12). Different approaches vary in terms of 
chemical and mechanical factors, and include the 
composition of growth factors and soluble inducers, 
forces applied in the cultured cells, and the culture 
system used for differentiation. Modifications in the 

http://link.springer.com/article/10.1007/s12033-014-9814-5
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chemical factors in stem cell media have been intensely 
analyzed in order to enhance differentiation. However, 
researchers have recently noted the significant role of 
physical and mechanical variables on differentiation 
efficiency (13). Cell-cell and cell-matrix interactions 
have significant roles in cell fate decisions (14). The 
combination of chemical and mechanical factors that 
regulate the stem cell fate in vivo can influence the 
direction and efficiency of lineage specifications in 
vitro. Therefore, depending on the mature cell type 
of interest, it is critical to provide stem cells with the 
appropriate culture system. 

The following 3 main methods are commonly 
used for stem cell culture: i. Suspension culture and 
formation of embryoid bodies (EB), ii. Monolayer 
culture of stem cells on extracellular matrix proteins, 
and iii. Culture of ESCs on a feeder layer (15). Some 
protocols for directed differentiation of ESCs use 
an adherent culture system (16, 17), whereas others 
suggest a suspension culture (18-20). Advantages and 
disadvantages associated with both methods make it 
difficult to choose one method over the other. Stem 
cells are cultured in monolayers in the adherent system, 
and the cells divide and grow in a two-dimensional 
(2D) manner. The soluble inducing factors should be 
added to the medium for initiation of differentiation, 
which would allow the cells to have homogenous 
access to soluble factors in the medium. However, the 
2D culture systems do not provide in vivo interactions 
like cell-cell and cell-matrix connections. The 
differentiation procedure in the suspension method is 
basically different compared to the adherent system. 
In the suspension culture, ESCs usually form three-
dimensional (3D) cellular aggregates that lead to 
the formation of EBs, which begin to spontaneously 
differentiate before the addition of any soluble inducers 
(21). EBs resemble the initial stages of embryonic 
development, in which they form primary embryonic 
germ layers (ectoderm, mesoderm, and endoderm) 
(22). The spatial interactions between cells in EBs 
help direct cell fate determination through signaling 
pathways that are mainly absent in adherent cultures 
(23-25). However, as these EBs increase in size, it is 
difficult for soluble factors to diffuse into the inner 
cell layers of the aggregate. 

Some of the directed differentiation protocols 
include an initial step of EB mediated spontaneous 
differentiation followed by addition of soluble 
inducing factors to the cell aggregates. The differences 
in dimensions of the suspension and adherent culture 
systems result in significant differences between cell-
cell and cell-matrix interactions, which highlights the 
importance of a proper choice of a 2D versus 3D stem 
cell culture system. Several reports have theoretically 
compared the adherent and suspension culture systems 
and their effects on the overall differentiation efficiency 
of stem cells, but there is no report of an experimental 

comparison (26, 27). In theory, pros and cons exist for 
both culture systems, and the choice of the appropriate 
culture system necessitates experimental tests for 
detailed examination and comprehensive analysis.  

Different signal transduction pathways play roles 
in the in vivo differentiation of stem cells into each 
type of mature cells. The microenvironmental 
factors that govern a cell’s fate in the body include 
structural, biochemical, mechanical, physiological, 
and hydrostatic stimuli (28). The environmental 
triggers required to induce differentiation toward one 
lineage may differ completely from other lineages; 
thus, it is reasonable that the choice of culture system 
for directed differentiation must be cell type-specific. 
Some cell types might differentiate more efficiently 
under 2D conditions, whereas other cell types prefer 
3D culture systems. Stem cell researchers are seeking 
straightforward and accurate experimental methods to 
provide critical information to maximize the efficiency 
of differentiation for specific cell types. 

EB formation and spontaneous differentiation of ESCs 
result in heterogeneous populations of differentiated 
cells that include cells of the primary germ layers as 
well as some of the mature cell types that they produce. 
Spontaneous differentiation could be the first step for 
production of pure populations of desired cell types. 
The convenience of spontaneously differentiated 
ESCs makes them a useful research tool to provide 
researchers with valuable information about stem cell 
behavior, even during directed differentiation. It has 
been shown that comparative expression of lineage-
specific markers during spontaneous differentiation 
of ESC lines is a good representative of their relative 
potentials for directed differentiation toward different 
lineages (29, 30). In these studies, researchers have 
analyzed the expression levels of lineage-specific 
markers at various time points after spontaneous 
differentiation of several distinct ESC lines. Based 
on the comparative marker expression levels of 
each lineage, the researchers could hypothesize 
which ESC line had a higher intrinsic propensity to 
differentiate toward a specific lineage or cell type. 
Directed differentiation was then used to validate their 
hypothesis. The results have proven that spontaneous 
differentiation is an informative method. Simplicity 
and reliable data over a relatively short period of 
time, as well as the cost effectiveness of spontaneous 
differentiation, make it an interesting approach to 
study stem cell behavior during differentiation. Since 
the neural cells differentiation potencies have great 
potential for cell therapy and  treatment of neurological 
disorders (31). 

In this study, we used spontaneous differentiation 
to optimize differentiation in 4 Royan hESC lines. 
These hESC lines were cultured under both adherent 
and suspension culture conditions and we compared 
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expression levels of 46 lineage specific markers to 
determine the propensity of each of the Royan hESC 
lines. Subsequently, direct differentiation for neural cells 
and hepatocytes was done to confirm the spontaneous 
differentiation results.   

We evaluated our hypothesis by focusing on the 
expression level of neural stem cells lineage specific 
markers (in two undifferentiated and differentiated 
states with adherent or suspension culture system) 
like NESTIN, SOX1, NEUROD1, NCAM, PAX6, 
PDGFRa and GFAP (as general neural stem cell 
markers), and b-Tubulin (neural differentiation 
marker) (32) in spontaneously differentiated samples 
and specific neural subtypes markers like TH (marker 
for dopaminergic neural subtypes) in samples from 
direct differentiation (33). 

In the other side we evaluated hepatocyte 
differentiation potency by focusing on spontaneous and 
direct endodermal layer differentiation and checking 
the general hepatic lineage specific expression 
markers like BRACHYURY, GOOSECOID, and 
SOX17 in two different culturing strategies (adherent 
and suspension).  

Materials and Methods 
Human embryonic stem cell culture 

In this experimental study, approved by the Ethical 
Committee of Royan Institute, we have used 4 hESC 
lines-Royan H1 (RH1), RH2, RH5, and RH6 (34). RH6 
is a male hESC line, whereas the other 3 hESC lines 
have been derived from female embryos. These hESC 
lines all have a normal karyotype (35). Passage 15-20 
hESCs were transferred to dishes coated with mouse 
embryonic fibroblasts (MEF) and we derived 3 different 
biological replicates from each cell line. The hESCs were 
cultured in standard Dulbecco’s modified Eagle’s media 
(DMEM, Gibco, USA) complemented 20% knockout 
serum replacement (KOSR), 2 mM L-glutamine, 0.1 mM 
β-mercaptoethanol (BME, Sigma, USA), 100 µg/ml pen/
strep, and 100 ng/ml basic fibroblast growth factor (bFGF, 
Royan Biotech, Iran) (36). 

Spontaneous differentiation

In order to form EBs, we cultured the hESCs in 
suspension stem cell medium that contained agarose and 
fetal bovine serum (FBS, Gibco, USA), without KOSR. 
The samples were harvested at days 10 and 30 after the 
initiation of EB formation. For spontaneous differentiation 
in the adherent settings, we used the same media with 
slight changes. The cells were cultured on 0.1% gelatin 
coated plates instead of agarose coated plates.  

RNA extraction and cDNA synthesis 
Total RNA was extracted using TRIzol (Sigma, USA) 

according to the manufacturer’s protocol. The RNA 

concentration was measured using a Biowave WPA (S 
2100) spectrophotometer. We examined the purity of each 
RNA sample based on 260/280 absorbance ratios. We 
noted that all samples had a ratio of 1.9-2. The quality 
of total RNA from all samples was determined by 
electrophoresis. Ribosomal 50S and 28S bands were 
sharp and showed approximately 2:1 band intensity, 
which confirmed that the samples had acceptable RNA 
integrity and quality.  

We used a DNase treatment kit (Fermentas, 
USA) based on the manufacturer’s instructions for 
elimination of DNA contamination. Random hexamer 
primers were used for first strand cDNA synthesis 
using the Fermentas kit.

Quantitative real-time polymerase chain reaction 
Totally, we used 48 primers in this study. The 

sequences of 34 primers were obtained from (29) and 
13 primers were designed using Gene Runner and 
PerlPrimer software (Table S1) (See Supplementary 
Online Information at www.celljournal.org). Primers 
were synthesized by Metabion Company. The 
quantitative real-time polymerase chain reaction 
(qRT-PCR) reactions were performed using a Corbett 
machine, 72-well rotor using SYBR Green from ABI 
(Applied Biosystems, USA). All qRT-PCR reactions 
were run in duplicate, and we used the average threshold 
cycle (Ct) of 2 duplicates for further analysis. We used 
the housekeeping genes, GAPDH and β-Actin, as they 
have the most homogenous expression level among the 
Royan hESC lines based on the NormFinder software 
analysis (data not shown). The geometric mean Ct of 
GAPDH and β-Actin were calculated for each sample, 
and the Ct results from all 46 genes were normalized 
based on the mean housekeeping values.  

Directed neural differentiation of human embryonic 
stem cells

RH5 hESCs were differentiated to neuronal cells 
using 2 different protocols for confirmation of the 
spontaneous differentiation results. These protocols 
consisted of 3 main steps: i. Induction of hESC 
colonies toward neural ectoderm, ii. Differentiation 
toward neural tube formation, and iii. Neuron 
maturation stage (Fig.1A). Steps i and ii differed 
between the 2 protocols. In the first protocol, the cells 
were cultured in a suspension culture and they were 
grown in an adherent condition in the second protocol. 
The third step was identical for both protocols. Neural 
ectoderms were obtained by culturing hESCs in 
induction medium for 6 days, followed by 6 days in 
the same medium without Noggin. For induction of 
neural tube formation, the concentration of bFGF was 
increased to 25% and the cells were maintained in 
this medium for 6 days. For maturation, neural tubes 
(in adherent culture) and neuronal precursor cells (in 
suspension condition) were transferred to laminin/
poly-L-ornithine culture dishes and grown for 12-14 
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days in maturation medium. Samples were collected 
from all the 3 stages for both differentiation protocols. 

Directed hepatic differentiation of human embryonic 
stem cells

We used 2 hESC lines (RH2, RH6) at passages 25-35 
to differentiate into a hepatic lineage according to the 
protocol of Basma et al. (37) with some modifications 
(Fig.1B). Briefly, EBs were generated by plating 
collagenase/dispase-passaged cells at a density of 
1-5×104 cells/cm2 on bacterial petri dishes for 48 hours 
in DMEM/F12 supplemented with 20% KOSR, 1 mM 
nonessential amino acids, and 2 mM L-glutamine. 
Then, EBs were plated on Matrigel-coated plates in 
DMEM/F12 supplemented with Activin A (100 ng/
ml) for 6 days to induce definitive endoderm lineage. 
The day-6 cells were used as definitive endoderm 
for analysis. The concentration of KOSR was 0% for 
the first 48 hours, 0.2% for the second 24 hours, and 
2.0% for the final 24 hours. Cells were then grown 
for 3 days in DMEM/F12 that contained 2.0% KOSR, 
1 mM nonessential amino acids, 2 mM L-glutamine, 
1% dimethyl sulfoxide, 10 ng/ml fibroblast growth 
factor 4 (FGF4, Royan Biotech, Iran), and 20 ng/
ml bone morphogenetic protein 2 (BMP2, Sigma, 
USA). The cells were allowed to grow in the same 
base media for an additional 4 days with 100 ng/mL 
hepatocyte growth factor (HGF, Sigma, USA) instead 
of FGF4 and BMP2. Next, they were cultured for 
7-8 additional days in hepatocyte culture medium 
(HCM, Lonza, Swiss) that contained 2% KOSR, 1 
mM nonessential amino acids, 2 mM L-glutamine, and 
50 ng/ml HGF for the first 2 days as pre-hepatocyte 
cells at this step, followed by 5-6 days in maturation 
media that contained the same base media with 20 ng/
ml oncostatin M (OSM, Royan Biotech, Iran), 10 ng/
ml HGF, and 0.1 μM dexamethasone.

Statistical analysis
qRT-PCR results were converted to relative 

concentrations based on the standard curve method. 
Analysis of variances was performed on the readings 
from 60 samples and 48 different transcripts. We used the 
Statistical Analysis System (SAS) for 2-factor ANOVA 
by considering the hESC lines and the culture methods 
as 2 variable factors. P<0.01 were considered to be 
significant. SAS also provides a Duncan grouping chart 
for each gene in which samples are sorted based on that 
gene’s expression level. We used Eisen Lab and TreeView 
softwares for hierarchical clustering of the samples and 
genes.

Results

Gene expression profiles of the different hESC lines 
begin to diverge during differentiation

Clustering of the complete data set, as shown in Figure 
1C, indicates that different hESC lines have similar 

expression profiles at the undifferentiated stage. Once 
the cells start to spontaneously differentiate, their gene 
expression profiles differ significantly due to their distinct 
intrinsic lineage propensities. As expected, most of 
the genes that were markers of the same cell type were 
clustered in close proximity in the clustering tree, which 
indicated reliability of the results. Pluripotency markers 
Oct4, Nanog, and TDGF were all clustered together, as 
were the endoderm markers HNF3b, CXCR4, and SOX17.  

CHD1 temporal expression pattern differed in 
comparison with pluripotency markers

CHD1, a chromatin remodeler known to be involved 
in formation and maintenance of the open chromatin 
state, showed interesting results. We assessed the 
expression levels of CHD1 in 4 hESC samples, and 
at days 10 and 30 after spontaneous differentiation. 
Figure 2A shows that the expression level of CHD1 
increased upon differentiation and peaked at day 10, 
which was unexpected if it had a similar role in mouse 
ESCs and hESCs. A study on mouse ESCs showed 
that this protein highly expressed in stem cells and 
was responsible for the existence of a completely 
open chromatin in undifferentiated stem cells, and was 
required for the stemness property of mESCs. 

Expression levels of lineage-specific markers showed 
variations among different cell lines

A comparison of lineage-specificity among the 
4 hESC lines in the current study was the first step 
for additional approval of the reliability of marker 
expression levels in spontaneous differentiation. 
The majority of the 46 examined markers showed 
significant differences in gene expression patterns 
among the 4 lines, which suggested divergent lineage 
specification. Based on spontaneous differentiation 
results, we selected 2 hESC lines for directed 
differentiation tests. The RH2 line showed the 
highest propensity to express endodermal (Fig.2B) 
and hepatocyte markers (Fig.3A). RH6 showed the 
lowest propensity to express endodermal (Fig.2B) 
and hepatocyte markers (Fig.3A). RH5 had the 
highest relative propensity to express the mesodermal 
(Fig.3B) and neural markers (Fig.4). We selected the 
RH2 and RH6 lines for further study on the comparison 
of directed differentiation toward hepatocytes under 
identical conditions. qRT-PCR results of directed 
differentiation towards endodermal and hepatocytes 
showed that RH2 had significantly higher efficiency 
to differentiate to endoderm and hepatocytes (Fig.5). 
There was a substantial distance between RH2 and 
RH6 based on the hierarchical clustering tree for 
hepatic markers (Fig.S1) (See Supplementary Online 
Information at www.celljournal.org). These results 
confirmed previous researches on determination of 
lineage specificity among different stem cell lines 
(29, 30).
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Fig.1:  Differentiation protocols and clustering tree. A. The 3 steps of the neural induction and differentiation protocol, B. The 3 steps of the hepatic 
differentiation protocol, and C. Cluster of all samples based on expression levels of the 46 marker genes (vertical axis). hESCs; Human embryonic stem 
cells, N2; N2 supplement, RA; Retinoic acid, bFGF; Basic fibroblast growth factor, IM; Induction medium, AA; Amino acids, EB; Embryoid bodies, DMSO; 
Dimethyl sulfoxide, BMP; Bone morphogenetic protein, HGF; Hepatocyte growth factor, HCM; Hepatocyte culture medium, OSM; Oncostatin M, and Dex; 
Dexamethasone. 
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Fig.2:  Expression comparison of spontaneous differentiation in different conditions. A. The expression level of CHD1 peaked at day 10 of spontaneous 
differentiation in both the suspension and adherent culture systems and B. Comparison of the expression levels of liver-specific markers between the 
Royan H2 (RH2) and RH6 lines during spontaneous differentiation in suspension [embryoid body (EB)] and adherent (AD) conditions. 

Fig.3: Expression comparison of endodermal and mesodermal markers between Royan embryonic stem cell (ESC) lines.  A. Comparison of the expression 
levels of endodermal markers between the Royan H2 (RH2) and RH6 cell lines during spontaneous differentiation in suspension [embryoid body (EB)] 
and adherent (AD) conditions and B. Comparison of the expression levels of mesodermal markers between RH6 and RH5 cell lines during spontaneous 
differentiation in EB and AD conditions. 

Fig.4: Relative expression levels of 3 neural markers in the 4 human embryonic stem cell (hESC) lines during spontaneous differentiation in suspension 
[embryoid body (EB)] or adherent (AD) culture systems.
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Different cell lines showed differentiation potential in 
suspension and adherent cultures

Primary results confirmed the effectiveness of 
spontaneous differentiation in a comparison of the different 
hESC lines. In the second step, we compared EB versus 
the adherent culture methods using the same approach. 
Gene expression levels in suspension and adherent culture 

were compared for all lines. Interestingly, different 
lineage markers showed differential patterns in each 
condition. The ectodermal, neural, endodermal, hepatic, 
and endothelial markers had higher expression levels in 
suspension condition (Fig.6A), while the expression of 
skin-specific markers was higher in the adherent system 
(Fig.6B). 

Fig.5:  Relative expression levels comparison between RH2 and RH6 cell lines. A. four endodermal markers and B. four hepatocyte markers in directed 
differentiation of the Royan H2 (RH2) and RH6 cell lines in 3 stages: endoderm (ENDO), pre-hepatocyte (PREHEP), and mature hepatocyte.

Fig.6: Expression comparison of neural and keratinocyte markers in adherent or suspension culture conditions. A. Relative expression levels of 6 neural 
markers in Royan H5 (RH5) during spontaneous differentiation under adherent or suspension culture conditions and B. Relative expression levels of 
keratinocyte markers, P63 and KRT14, under suspension [embryoid body (EB)] and adherent (AD) culture conditions in 4 human embryonic stem cells 
(hESC) lines (note the scale on the Y-axis).

A

A

B

B
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Directed neural differentiation of human embryonic 
stem cells 

We confirmed the spontaneous differentiation results 
by direct differentiation of the RH5 cell line into neural 
cells according to the 2 induction protocols. The first 
protocol comprised the suspension culture stage, whereas 
the second protocol used the adherent culture during 
differentiation. Results of directed differentiation of stem 
cells to neurons confirmed spontaneous differentiation 
results, which showed that the suspension protocol was 
significantly more effective than the adherent culture. 

Our results confirmed that the expression level of 
neural specific expressing markers like GFAP, PAX6, 
PDGFRa (as general neural stem cell markers) and 
b-Tublin (as general pre-mature neuronal marker) are 
higher in suspension (EB form) than adherent system in 
both direct and spontaneous differentiation systems, even 
in neuro-ectodermal specification or neural maturation 
stages. Although in both differentiation systems we have 
acceptable increase in neural lineage specific markers 
(Fig.S2) (See Supplementary Online Information at www.
celljournal.org).  

Directed endodermal and hepatic differentiation of 
human embryonic stem cells 

Spontaneous differentiation results showed that RH2 
and RH6 had significant differences in expression 
of endoderm and hepatocyte markers. According to 
these results, RH2 differentiated into endodermal and 
hepatocyte cells with higher efficacy compared to RH6. 
Direct endodermal and hepatic differentiation confirmed 
that spontaneous differentiation could be a powerful 
tool to predict the propensity of hESC lines. Direct 
differentiation results verified findings that the RH2 
cell line had significantly higher expression levels of 
endodermal and hepatic markers (Fig.5). According to 
these data, spontaneous differentiation analysis could be 
a reliable, rapid, and economical method for optimization 
of differentiation protocols.           

Discussion

hESCs have remarkable potential as cell sources for 
cell-based therapies. However, lack of knowledge in many 
aspects of hESC biology is a main barrier for introduction 
of stem cells in the clinic. In this study, we have focused 
on optimization of hESCs differentiation toward desired 
lineages, as one of the most important challenges in 
stem cell applications. Prior to using stem cells in the 
clinic, 2 major obstacles must be solved-differentiation 
efficiency and purity of differentiated cells. However, 
both must have the capability to produce purified cells 
at the maximum rate. Optimization of current direct 
differentiation protocols can overcome these problems. 
Here, we have investigated the effects of 2 parameters, 
cell line and dimension (2D vs. 3D). Both parameters had 
a significant influence on the final results. Although the 
effect of dimension has been extensively discussed, there 

are few reports that have compared different lineages 
in 2D versus 3D culture systems. More recently, the 
3D culture systems have been developed to recapitulate 
human complicated organs (like nervous system) 
development and differentiation in in vitro system starting 
from human pluripotent stem cells (hPSCs) by organoid 
technology (cerebral organoid models). Although many 
studies have been conducted to reveal the mechanisms 
of 3D differentiation in higher organs studies but there 
are still many questions to be addressed (38). In the most 
suspension differentiation system, increases in expression 
levels of region specific neural genes are shown. That 
these changes in the expression level of specific genes 
are mostly described by mysterious cell-cell interaction 
and releasing neurotrophic factors from specific regions 
of EBs (spheroids), and 3D self-organization of ESCs  in 
suspension culture system (39).

Needed cell types dictate using suspension or adherent 
culture systems

We observed that the ectodermal, neural, endodermal, 
hepatic, and endothelial markers had higher expression 
levels in cells grown in the suspension condition, 
while skin-specific markers were expressed more in 
the adherent system. A possible explanation could be 
the similarity of the ex vivo environment to the natural 
extracellular environment for each cell or tissue type (40). 
Keratinocytes usually grow in a 2D layered condition in 
the body; hence these cells would prefer the adherent 
culture system. On the other hand, neural cells and 
hepatocytes grow in the 3D state in organs. Thus, they 
had more efficient differentiation in suspension culture. 
Cell-cell interactions and some signaling pathways might 
also be involved in the hESC response to the culture 
condition. Further studies would be needed to reveal 
the mechanisms that underlie lineage fate determination 
of hESCs during early differentiation stages of different 
culture methods.  According to the current study results, 
some of the differentiation protocols could be improved 
by addition of a suspension step in the early stages of 
these protocols.  

Spontaneous differentiation has the potential to predict 
the behavior of hESC lines in direct differentiation

Gene expression profile analysis of hESCs during 
differentiation is a simple and reliable approach to predict 
their lineage propensities. This cost effective method 
could provide very useful data over a short period of 
time instead of cultivation of different hESC lines, 
differentiating them to all possible lineages, and comparing 
them. In the current study, we have used this invaluable 
tool to compare the expression levels of lineage-specific 
markers during spontaneous differentiation of hESC lines 
in suspension versus adherent culture systems. Although 
reports have shown this tool’s usefulness, we decided 
to confirm spontaneous differentiation results by direct 
differentiation of the RH5 cell line to neural cells. The 
direct differentiation data verified previous results and 
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proved that this tool could be useful for optimization of 
hESC differentiation. According to the current results, 
the addition of a suspension culture step in differentiation 
of most lineages would be necessary. This new strategy 
may lead to the optimization of some common protocols 
used for neural differentiation of stem cells, and provide 
a standard platform for analysis of other types of 
differentiation protocols.   

Conclusion
Future studies, such as high-throughput analysis of the 

expression profiles on ESC lines during differentiation 
in adherent versus suspension culture conditions, 
are required for additional information in this area. 
Elucidation of the mechanisms that cause the early events 
of lineage specification under the 2 culture conditions 
is necessary. Commonly used differentiation protocols 
can be compared with respect to different environmental 
variables such as chemical and mechanical properties of 
the culture system to enhance the efficiency of stem cell 
differentiation toward a desired cell type, and further pave 
the way for stem cells to be used in a clinical setting. 
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Abstract
Objective: Recent achievements in stem cell biotechnology, nanotechnology and tissue engineering have led to 
development of novel approaches in regenerative medicine. Azoospermia is one of the challenging disorders of the 
reproductive system. Several efforts were made for isolation and culture of testis-derived stem cells to treat male 
infertility. However, tissue engineering is the best approach to mimic the three dimensional microenvironment of the 
testis in vitro. We investigated whether human testis-derived cells (hTCs) obtained by testicular sperm extraction 
(TESE) can be cultured on a homemade scaffold composed of electrospun nanofibers of homogeneous poly (vinyl 
alcohol)/human serum albumin/gelatin (PVA/HSA/gelatin).  
Materials and Methods: In this experimental lab study, human TCs underwent two steps of enzymatic cell isolation and 
five culture passages. Nanofibrous scaffolds were characterized by scanning electron microscopy (SEM) and Fourier-
transform infrared spectroscopy (FTIR). Attachment of cells onto the scaffold was shown by hematoxylin and eosin 
(H&E) staining and SEM. Cell viability study using MTT [3-(4, 5-dimethyl-2-thiazolyl) -2, 5-diphenyl -2H- tetrazolium 
bromide] assay was performed on days 7 and 14.             
Results: Visualization by H&E staining and SEM indicated that hTCs were seeded on the scaffold. MTT test showed 
that the PVA/HSA/gelatin scaffold is not toxic for hTCs.                   
Conclusion: It seems that this PVA/HSA/gelatin scaffold is supportive for growth of hTCs. 

Keywords: Azoospermia, Human Serum Albumin, Scaffold, Testis, Tissue Engineering
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Introduction
Almost 7% of all men, including those who lack sperm 

production, suffer from infertility (1). Stem cells, with their 
great and unique capacity to form other cell types, have raised 
huge hopes for scientists and clinicians as well as patients 
with male infertility. After the derivation of mouse embryonic 
stem cells (2), different studies used mouse primordial germ 
cells (PGCs) to investigate the biology of germ cells and their 
progenitors (3, 4). Later, in 1998, the first pluripotent stem 
cells were generated from pre-implantation human embryos 
in blastocyst stage (5), and also human PGCs (6) which were 
named human embryonic stem cells (hESCs) and human 
embryonic germ cells (hEGCs), respectively. Since 2003, 
several studies have shown the potential of the ESCs to form 
male and female germ cells (7-10). However, no gamete 
has been produced so far. Some investigations made efforts 
to reprogram unipotent spermatogonial stem cells (SSCs) 
to derive pluripotent germ-line stem cells (GSCs) in vitro 

in mice (11), rats (12) and humans (13). Nonetheless, later 
reports indicated that human testis-derived cells (hTCs) are 
not pluripotent and possess characteristics similar to those of 
mesenchymal stromal cells (14). The latest studies including 
Irie and Surani’s investigations (15) revealed that germ cell 
development in humans differs from that in mice especially 
in terms of gene expression profile, which might be the 
reason for variations in results. Despite improvements in 
the field, there are still challenges for translation of stem cell 
biotechnology to bedside practice (i.e. has not yet been used 
in male reproductive/regenerative medicine). 

In a recent study, mouse fertile sperm production 
from GSCs was done using organ culture (16). Besides 
developmental differences between mouse and human 
germ cells, there are more restrictive ethical issues 
regarding human organ culture compared to mouse organ 
culture. Therefore, tissue engineering methods are highly 
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required for regeneration of some tissues and organs. 
These methods prepare bio-scaffolds to promote the 
development of new tissues such as cartilage or bone. In 
comparison with other instances where tissue engineering 
produced artificial tissues, researchers in the field of 
human male infertility could not obtain adequate mature 
cells. In regenerative medicine, utilization of pluripotent 
or multipotent stem cells has higher chance of success 
compared to unipotent cells like human SSCs (17). 

We previously showed the mulipotency of hTCs obtained 
from TESE samples (14). The aim of this study was to 
make a homemade scaffold composed of electrospun 
fibers of homogeneous solution of poly (vinyl alcohol)/
human serum albumin/gelatin (PVA/HSA/gelatin) as a 
niche for hTCs. Development of an artificial organ culture 
for production of male germ cells from hESC-derived 
GSCs could be the ultimate goal in this field.   

Materials and Methods
Fabrication of the scaffold 

In this experimental lab study, initially 450 mg of PVA 
powder (Merck, Germany, MW 72,000) was dissolved 
in deionized water (to reach a final concentration of 7% 
w/v) in a final volume of 6 mL which was kept at 80°C 
for 5  hours in a sterile beaker to make a clear solution. 
Next, 0.3 g gelatin powder (Merck, Germany) was added 
and the mixture was mixed by a magnetic stirrer at room 
temperature (RT). Then, 2 mL of a 20 g/dL solution of 
HSA (CSL Behring AG, Switzerland) was added to the 
mixture and mixed for 60 minutes on a magnetic stirrer. 
The resulting solution was homogenous and milky white. 

The prepared homogeneous PVA/HSA/gelatin solution 
was electrospun into fibers using Electroris (FNM Ltd., 
Iran). The instrument consisted of a high voltage power 
supply, a conductive collector, a reservoir of polymer 
solution, and a nozzle with adjustable distance to collector.

To produce electrospun fibers, the polymer solution was 
drawn into a 5 mL syringe with a metallic needle of 0.4 mm 
internal diameter. The syringe was kept horizontally on the 
syringe stand with the metal needle tip being connected to 
the positive electrode of the high voltage power supply. The 
voltage was set at 16 KV, and the distance from collector 
was 10 cm. The experiment was done at RT (25˚C) (18). 
The fibers were collected after 3 hours on circular glass 
coverslips.  The obtained PVA/albumin/gelatin fibrous 
scaffold was further cross-linked in glutaraldehyde vapor at 
RT for 1 day, then immersed in deionized water to remove 
the glutaraldehyde. The cross-linked scaffolds were dried 
and prepared for testicular cells culture (19).

Chemical analysis of scaffolds
Fourier-transform infrared (FTIR) spectroscopy conducted 

over a range of 4000-500 cm-1 was used for analysis of the 
PVA/HSA/gelatin fibrous scaffolds. The Nicolet spectrometer 
system (BOMEM FTIR MB-series, MB-100, Hartmann & 
Braun, Canada) provided FTIR spectra using a DTGS KBr 
detector. For this, about 1 mg of dried scaffold was mixed 
with 100-120 mg of KBr to make compressed pellets.

Determination of scaffolds’ hydrophilicity, morphology, 
fiber diameter and pore size 

Before and after exposure to glutaraldehyde, water 
contact angles of electrospun scaffold were measured 
by a video-based optical system (model MV500 digital 
microscope, EasyTear, Italy). The images of water drops 
on the PVA/HSA/gelatin scaffold surface from three 
different angles were captured by the camera and analyzed 
by Digimizer image analysis software (MedCalc Software 
bvba, Belgium) to assess hydrophilicity. The volume of 
each water droplet was 5 μL, and measurements were 
done 10 seconds after contact. 

To evaluate the attachment of hTCs onto fibers, we 
performed hematoxylin (Merck, Germany) and eosin 
(Merck, Germany) (H&E) staining on scaffolds, on glass 
slides on days 7 and 14. 

The morphology of the scaffold was also characterized 
by scanning electron microscopy (SEM, model Phenom 
ProX, Phenom-World, The Netherlands) with an 
accelerating voltage of 15 kV after coating with gold. The 
average diameter of fibers and pore sizes were randomly 
determined by image analysis software (ImageJ, National 
Institute of Health, USA) to analyze 100 different fibers 
in each SEM image.

Sample collection and patients’ information
TESE samples were collected after obtaining signed 

informed consent from two patients with non-obstructive 
azoospermia attending a clinic for assisted reproduction. 
This study was approved by Ethics Committee of Shahid 
Sadoughi University of Medical Sciences, Yazd, Iran with 
reference No. IR.SSU.REC.1394.226. These two patients 
were chosen because their biopsies proved to contain germ 
cells. The fresh samples (about 40 mg each) were labeled 
with codes to maintain patient anonymity, placed in 2 mL 
of Dulbecco’s Modified Eagle Medium containing 5% 
fetal bovine serum (DMEM/5% FBS) (Invitrogen, UK), 
and transferred to the laboratory within 15 minutes (14).

Preparation of human testis-derived cells from TESE 
samples 

Approximately 30-40 mg pieces of the TESE samples 
were washed in DMEM medium and mechanically and 
enzymatically [collagenase type IV (Invitrogen, UK)] 
digested overnight using a previously reported protocol 
(14). The cells were subsequently recovered by aspiration, 
washed with DMEM and centrifuged for 3 minutes at 200 
g. The supernatant was discarded, and the pellet was used 
for hTCs culture.

Culture of human testis-derived cells

The initial culture protocol was previously described by 
Sadeghian-Nodoushan et al. (14). Single-cell suspensions 
were placed in dishes with 45 mL of DMEM supplemented 
with 5 mL FBS, 100 ng/mL glial cell-derived neurotrophic 
factor (GDNF, R&D Systems, USA), and 20 ng/mL 
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epidermal growth factor (EGF, R&D Systems, USA). Most 
of the testicular cells were attached to the dish floor the day 
after initial extraction, and about 50% of the culture medium 
was exchanged every other day. Enzymatic treatment using 
trypsin (Sigma, Germany), and EDTA (Invitrogen, UK) was 
performed at 37˚C for 3 minutes for passaging the hTCs. All 
cell culture experiments were performed at least in triplicate.

Transfer of human testis-derived cells on scaffold
The scaffolds were sterilized by one-hour UV irradiation. 

After five passages of hTCs in dishes, the cells were 
disaggregated using trypsin/EDTA, enumerated using a 
hemacytometer slide, plated on the scaffold at a concentration 
of 5×103 cells/coverslip placed in sterile dishes, and 
maintained at 34˚C with 5% CO2. The cell-coated scaffolds 
were checked for cell proliferation/viability by the MTT [3-
(4, 5-dimethyl-2-thiazolyl) -2, 5-diphenyl -2H- tetrazolium 
bromide] test on days 7 and 14.

Cell viability and proliferation assay (MTT assay)
To evaluate the viability and proliferation rate of the 

hTCs on the scaffold, we used the MTT test as a standard 
colorimetric assay which assesses cell viability based on the 
mitochondrial dehydrogenase activity. Briefly, on days 7 and 
14, following cell incubation with and without scaffolds, 40 
μL of MTT solution (5 mg/mL in RPMI) was added to each 
central well (containing coverslips covered by the scaffold 
containing mixed testicular cells); then, the supernatant was 
removed, and 400 μL of 0.1 M HCl (prepared in isopropyl 
alcohol) was added to dissolve formazan crystals. The optical 
densities (OD) at 570 nm (with background subtraction at 
630 nm) were evaluated using an ELISA (enzyme-linked 
immunosorbent assay) reader (Tajhizat Sanjesh, Iran). 
Percentage of viability and proliferation was determined by 
the following formula:
Percentage of viability= Optical density (OD) of the test 
sample/OD of the control sample×100 

Any proliferation or decrease in the number of cells in 
scaffolds would so have been evident from their OD. All 
experiments were done in triplicate and the mean of three 
replicates were reported.

Statistical analysis 
The student's t test was used for comparison of mean of 

proliferation and viability between the contro (monolayer) 
and experimental (culture on scaffold) groups. The SPSS 
software version 16 (IBM SPSS Statistics, USA) was 
used for statistical analysis. Any P<0.05 was considered 
indicative of significant difference between groups.

Results
Fabrication and characterization of fibrous scaffolds 

A PVA/HSA/gelatin homemade fibrous scaffold was 
designed by electrospinning for hTCs culture. Surface 
structure of composite fibers is shown in Figure 1A. Fiber 
diameter was 100-600 nm (mean diameter 305 nm) (Fig.1B), 
and the average of pore sizes was 0.810 μm (Fig.1C). Surface 
wettability as an important determinant of cell adhesion, 

proliferation, and migration, was also checked. The 
scaffolds were found to be hydrophilic with contact 
angles of 28.2° and 46.8°, before and after cross-linkage 
in glutaraldehyde vapor, respectively. Contact angle 
data supported the hypothesis that incorporation of 
glutaraldehyde into scaffolds decreases hydrophilicity 
which consequently leads to higher biostability.

Fig.1: Physical analysis of electrospun scaffold. A. Scanning electron micrograph 
of poly (vinyl alcohol)/human serum albumin/gelatin (PVA/HSA/gelatin) fibers 
(scale bar: 1 µm), B. Fiber diameter distribution of PVA/HSA/gelatin scaffold, 
and C. Fiber pore diameters of PVA/HSA/gelatin scaffold.

A

B

C
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Fourier-transform infrared spectroscopy spectra
Chemical analysis of fibrous scaffold showed 

typical spectrum peaks for PVA, HSA and gelatin 
(Fig.2). The result for PVA showed absorption peaks 
at about 3200-3550 cm-1 (OH-OH stretching), 2930 
cm-1 (C-H stretching), 1245 cm-1 (C-O stretching), 
1084 cm-1 (C-O)-C-OH stretching), 937 cm-1 (CH-CH2 
stretching) and 865 cm-1 (C-C stretching). The result 
for gelatin showed absorption peaks at 1640-1636 cm-1 
(amide I), 1544-1542 cm-1 (amide II), 1240 cm-1 (amide 
III) and 3300 cm-1 (amide A). The FTIR spectrum for 
HSA showed strong absorption peaks at 1550 cm-1 
(amide I) and 1660 cm-1 (amide II). In the PVA/HSA/
gelatin fibers, very clear absorption peaks assigned to 
the PVA, were present at OH-OH and C-H stretching 
bands. Further typical absorptions were seen at amide 
I and amide II which  can be assigned to the HSA as 
well as gelatin. These results indicated the presence of 
all three materials in the fiber. 

Fig.2: Fourier transform infrared spectroscopy of the scaffold and its 
constituents.

Isolation and culture of human testis-derived cells
During assessment of the spermatogenesis status of 

TESE samples, histological analysis of testicular tissue 
demonstrated the presence of somatic and germ cells in 
the tissue. Isolation of germ cells was not the aim of this 
study; we required just a few SSCs in the tissue as germ 
cells harboring stemness potential documented by H&E 
staining. 

The hTCs were initially floating, but began to attach after 
culture in the central dish. After one week, many of the cells 
were adherent and began to grow. After 5 passages, we had 
adequate numbers of cells to continue the study. 

Morphology of human testis-derived cells 
The presence of cells on scaffold was proved by SEM 

(not shown here). The results showed that the scaffold 
had the ability to support the hTCs during 14 days. Cells 
attachment to fibers and their normal shape were also 
demonstrated by H&E staining (Fig.3). It seems that this 
scaffold can mimic extracellular matrix (ECM).

Fig.3: H&E staining of 7-day cultured cells seeded on poly (vinyl alcohol)/
human serum albumin/gelatin fibers (scale bar: 200 µm).

Table 1: Comparison of viability between testis cells cultured on scaffold and monolayer-cultured ones

Parameters Optical density (7th day) Viability (7th day) Optical density (14th day) Viability (14th day)

Group

Monolayer 0.20 ± 0.1 - 0.23 ± 0.07 -

Electrospun scaffold 0.17 ± 0.06 85 0.18 ± 0.06 78.26

Data are presented as mean ± SD (for optical density, triplicate) and percentage (for viability).
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Proliferation and viability of human testis-derived 
cells

Table 1 shows the percentages of viable cells after 7 and 
14 days of culture in both monolayer and scaffold-cultured 
groups treated with growth factors GDNF and EGF. About 
85% of cells cultured on scaffold were viable on day 7 
(in comparison with the monolayer control group which 
showed 100% viability), with a small drop in this figure 
at day 14 (78.26%). There was no significant difference 
(Student’s t test, P>0.05) in cell viability and proliferation 
rate between the control group and experimental groups 
based on MTT test results. Our data suggest the nontoxic 
nature of this scaffold for hTCs. 

Discussion
SSCs play crucial roles as male gamete (sperm) 

precursor cells which transfer father’s genetic 
information to the next generation. They are unipotent 
stem cells and their population in the testis is very small 
(20). Recently, in vitro production of haploid cells from 
SSC-like cells was shown in mice (21). Interestingly, 
in vitro production of functional sperms was confirmed 
by other studies using organ culture of SSC lines in 
neonatal mouse testis (22, 23). Nonetheless, there are 
ethical and practical challenges to achieve this aim in 
humans. Firstly, getting neonatal human testis biopsies 
to grow human SSCs is almost impossible. Secondly, 
despite the efforts made to isolate and expand human 
SSCs in culture to generate GSCs or human testis-
derived embryonic-like stem cells (htESC-like cells) 
(13, 24, 25), some reports have indicated that these 
hTCs are not pluripotent and possess multipotent 
stromal characteristics (14). 

It was shown in a study that induced pluripotent stem 
(iPS) cell-derived cells injected along with testicular 
cells into dorsal skin of mice are able to reconstitute 
seminiferous tubules, and iPS cell-derived germ cells 
can lodge at basement membranes of reconstituted 
tubules (26). 

Tissue engineering methods using stem cells are 
applicable strategies in some problematic cases (27, 
28). These methods can be used, for example, for 
synthesis of artificial ECM as a niche for cells in culture 
(29-31). In vivo, the SSCs are connected in some ways 
to other cells such as Sertoli and Leydig cells. This 
close proximity is very important for cells to exchange 
signals through secretion of growth factors (32). The 
scaffold should provide better conditions for the cells 
similar to those present in in vivo 3D condition (33). 

Previously, we showed construction of an artificial 
human testis using homemade human serum albumin 
and calcium phosphate 3D scaffolds coated with 
hTCs. Although histological structures similar to 
human seminiferous tubules were formed, but their 
arrangement was not comparable to that of the cells 
within the human testis (34).

Electrospinning is an applicable method used in 
drug delivery and tissue engineering. Different types 
of materials like poly (lactic acid)/chitosan, and PVA, 
have been used to make micro/nanofibers (18, 35-
39). In this study, human testicular cells were seeded 
on an electrospun PVA/HSA/gelatin fibrous mesh, 
to develop a 3D niche suitable for human male germ 
cells. HSA is the most abundant protein in human 
serum (35-50 g/L) with half-life of about 19 days. HSA 
was selected in this study because it is a very soluble 
globular monomeric protein besides being stable in 
the pH range of 4-9 and at high temperatures which 
is very critical in the process of making nanofibers. 
Temperature stability at near 60˚C for up to 10 hours 
is necessary in this method. Another advantage is 
that when HSA is broken down, the resulting amino 
acids will nourish surrounding tissues. HSA is not 
only very cheap but also quite available. Finally, HSA 
has no toxicity and is biodegradable, two important 
points in regenerative medicine (40). Compared to the 
work on rat testicular cells seeded on poly(D,L-lactic-
co-glycolic acid) porous scaffolds which showed 
promising 75% viability up to 18 days and some degree 
of differentiation (39), our study on human testicular 
cells yielded 78% viability on the 14th day. 

In the present experiment, the initial number of 
cells cultured on each scaffold was 5000 cells. Since 
the supernatant of each microplate well was used for 
the MTT test, the optical densities reflect the number 
of cells. Since enumeration of the cells present on 
each scaffold was not easy, the only indicator of any 
proliferation or decrease in cell counts was the OD.

Since the OD of wells containing cells cultured on 
scaffolds were not significantly different from that of 
the monolayer cultures (used as the control group), we 
may conclude that they have proliferated only a little 
less than cells on the monolayer culture.

In our study, the viability and proliferation of the cells 
were examined by MTT assay and results indicated 
that this device is not toxic for the cells. SEM images 
showed homing of the cells within the fibers. Our data 
may serve as the starting point of human ambitions 
for recapitulation of human testis and probably other 
organs, with conceivable further applications in human 
developmental biology, toxicology, drug discovery 
and regenerative medicine. 

Conclusion
In this study, a novel PVA/HSA/gelatin fibrous 

scaffold was designed and tested for physical, 
chemical and biologic properties, including its toxicity 
for hTCs. Promising performance of this scaffold in 
terms of biocompatibility and support of hTC growth 
encourages further evaluation of its in vivo ability to 
induce sperm production in animal models and then in 
human experiments. 
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Abstract
Objective: Tilting the balance in favor of antioxidant agents could increase infertility problems in obese and diabetic 
individuals. The aim of this study was to evaluate oxidative stress status in semen of men with type 2 diabetes and 
obesity to investigate whether excessive amounts of oxidative stress, as a result of diabetes and obesity, influence 
infertility potential. 
Materials and Methods: A case-control study was conducted in men (n=150) attending the Infertility Center of Royan 
Institute between December 2016 and February 2017. Participants were categorized into four groups; normal weight 
(BMI<25 kg/m2) and non-type-2 diabetic (control=40), obese and non- type-2 diabetic (obese=40), non-obese and type-
2 diabetic (Nob-DM=35), and obese and type-2 diabetic (Ob-DM=35). The semen analysis was performed according 
to the World Health Organization criteria. Oxidative stress, DNA fragmentation, sperm apoptosis, and total antioxidant 
capacity (TAC) were evaluated in semen samples of men. Serum glucose, HbA1c, cortisol, and testosterone levels 
were determined using the enzyme-linked immunosorbent assay (ELISA) method.              
Results: Compared with the control group, sperm motility, progressive motility, and normal morphology were significantly 
decreased in the obese, Nob-DM, and Ob-DM groups (P<0.01). The obese, Nob-DM, and Ob-DM groups showed 
significantly lower levels of TAC and higher amounts of oxidative stress, early apoptotic sperm, and the percentage of 
DNA fragmentation as compared with the control group (P<0.05). Testosterone concentration was decreased in the 
obese, Nob-DM, and Ob-DM groups when compared with healthy individuals (P<0.05), whereas the cortisol level was 
significantly increased in the Nob-DM and Ob-DM groups in comparison to the obese and control group (P<0.01).                  
Conclusion: Increased amount of reactive oxygen species (ROS) levels and DNA fragmentation in men affected by 
either diabetes or obesity could be considered prognostic factors in sub-fertile patients, alerting physicians to an early 
screen of male patients to avoid the development of infertility in prone patients.  
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Introduction

Diabetes mellitus (DM) and obesity are categorized 
as metabolic disorders characterized by the presence of 
chronic hyperglycemia (1) and excessive accumulation 
of fat in adipose tissue (2). Obesity and diabetes are fast 
growing problems that they could reach in pandemic 
proportions  in the near future; both metabolic disorders 
can inevitably affect men in their reproductive age (3). The 
effect of diabetes and obesity on sperm count, motility, 
and morphology in humans is controversial. Several 
pathogenic processes are involved in the development 
of subfertility in obese and diabetic men (4-6). The 
possible mechanism underlying diminished reproductive 
performance in obese men is the generation of the 
excessive amounts of reactive oxygen species (ROS). The 

elevated level of ROS is thought to be a risk factor for the 
development of approximately half of the male infertility 
cases in men diagnosed with sperm dysfunction (6-10). 

Increased levels of circulating glucose and lipids 
could result in an excessive supply of energy substrates 
to metabolic pathways in adipose and non‐adipose cells 
which, in turn, can increase the production of ROS 
(11). Oxidative stress is functionally linked to both 
glucocorticoid (GC) and immune function (12, 13). It 
was also reported that elevated levels of GC increase 
oxidative stress via an elevation of metabolic reactions, 
causing an increased flux of electrons at the level of the 
electron transport chain, which could directly oppress 
reproduction through influencing the hypothalamic-
pituitary-gonadal axis (14). 
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Notably, there is a lack of sufficient information 
regarding the relationship between common metabolic 
disorders, such as obesity and diabetes, and excessive 
generation of ROS-mediated oxidative stress which may 
play a key role in the disruption of the hypothalamic-
pituitary-adrenal (HPA) axis, hypothalamic-pituitary-
gonad (HPG) axis, and sperm functionality. Therefore, we 
evaluated the status of oxidative stress, apoptotic cells, 
DNA fragmentation and total capacity antioxidant as well 
as the levels of cortisol and testosterone in individuals 
who were affected by diabetes and obesity. 

Materials and Methods
Study design

The case-control study was conducted in men who 
referred to the Infertility Center of Royan Institute between 
December 2016 to February 2017. The study was approved 
by the Ethical and Research Committee of Royan Institute 
(No.IR.ACECR.ROYAN.REC.1396.53). All participants 
signed written informed consents. Participants were also 
asked to fill in a lifestyle questionnaire  concerning their 
lifestyle including information about height, weight, 
smoking status, alcohol use, and substance abuse, taking 
any medications, and past medical and surgical history. 
Weight and height were applied to calculate the body 
mass index (BMI) according to the following formula: 
kg/m2 where kg is an individual’s weight in kilograms 
and m2 is his/her height in meters squared. World Health 
Organization  (WHO) described overweight when a 
patient possesses (BMI) ≥25 kg/m2; obese when a patient 
has the BMI ≥30 kg/m2.  All participants were classified 
into four groups as follows: group I: 40 individuals with 
BMI <25 kg/m2 who were non-diabetic mellitus and non-
obese (control), group II: 40 subjects with  BMI ≥30 kg/
m2 who were obese- non-diabetic mellitus (obese), group 
III: 35 individuals with BMI ≤30 kg/m2 who were non-
obese- diabetic mellitus (Nob-DM), and group IV35   : 
subjects with  BMI ≥30 kg/m2  who were affected by both 
diabetes and obesity (Ob-DM). 

The exclusion criteria were cryptorchidism, 
testicular varicocele, gonadal disease or abnormality, 
genital infections, chronic medical disorders such as 
hypertension, testicular tumors, systemic diseases, and 
continuous exposure to chemical or physical agents with 
known adverse reproductive effects.

Labratory tests

Venous blood samples were drawn between 9:00 A.M 
and 10:00 A.M, after overnight fasting (at least 12 hours). 
Samples were centrifuged for 15 minutes at 3000 rpm to 
separate serum specimens. 

Serum glucose and glycosylated hemoglobin

Serum glucose was analyzed using a standard 
enzymatic method (Roche Diagnostics GmbH, Germany). 
Glycosylated hemoglobin (HbA1c) was quantified 

using a Nyco Card Reader II analyzer according to the 
manufacturer’s instructions. 

Testosterone and cortisol
Serum total testosterone was determined by using a 

commercially available kit for human total testosterone 
(TT) ELISA kit (AccuBind ELISA Microwells, Monobina 
Inc., Lake Forest, CA, USA). Serum cortisol levels were 
determined by chemiluminescent immunoassays (ADVIA 
Centaur, USA).

Semen collection and analysis
Semen samples were collected by masturbation after 

a recommended 3-5 days of sexual abstinence. After 
semen collection, semen samples were allowed to liquefy 
at room temperature for at 37˚C for 30 minutes before 
further analysis. Basic sperm parameters including sperm 
count, concentration, motility, and morphology were 
evaluated according to the WHO 2010 guidelines (15). 
After semen liquefaction, sperm progressive motility, 
normal sperm morphology, semen volume, semen pH, 
and sperm density were analyzed. Semen volume was 
also measured. The CASA system [SPERM CLASS 
ANALYZER software (SCATM, Microptic, Version 
4.2, Spain)] was employed to assess progressive sperm 
motility and sperm concentration. Sperm was classified 
as progressive motile (WHO class A+B), non-progressive 
motile (class C) or immotile  (class D).  Papanicolaou 
staining was utilized to assess sperm morphology (16).

Measurement of sperm reactive oxygen species 
ROS levels were determined in semen specimens 

following the instructions recommended by the WHO 
laboratory manual for the examination and processing 
of human semen. Sperm fresh were washed in a Krebs-
Ringer medium (KRM) and adjusted to a concentration 
of 10 million sperm per milliliter. Chemiluminescent 
probes, including luminol, formyl-methionyl-leucyl-
phenylalanine (FMLP), and Phorbol 12 myristate 
13-acetate (PMA) were utilized to detect ROS generation 
by white blood cells (WBCs) and sperm. Chemiluminescent 
signals were monitored using a luminometer (Synergy™ 
H4 Hybrid Multi-Mode Microplate Reader, BioTek®, 
USA), and the final ROS level was calculated as relative 
light units (RLU)/sec/million sperms (17).

Annexin V/PI Assay

An Annexin V-FITC Apoptosis Detection Kit (Groningen, 
Netherlands) was used to detect the translocation of 
phosphatidylserine (PS) from the inner to the outer leaflet 
of the plasma membrane. Sperm samples were diluted to 
1×106 sperm/mL in 100 μL of calcium buffer with 5 μg 
annexin V which was maintained for 15 minutes at room 
temperature. The samples were simultaneously stained 
with 10 μg/mL propidium iodide. Among spermatozoa 
population, late apopototic spermatozoa were stained 
with PI, but not with Annexin V whereas early apoptotoic 
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spermatozoa were labeled with both Annexin V and PI. 
Viable spermatozoa were stained by neither Annexin V 
nor PI, while apoptotic spermatozoa were labeled only by 
Annexin V, but not by PI (18)

Assessment of total antioxidant capacity 
Total antioxidant capacity (TAC) was measured by 

colorimetry using a total antioxidant assay kit (MBL, 
Germany). TAC was analyzed by means of a Microplate 
Reader (Synergy™ H4 Hybrid Multi-Mode Microplate 
Reader, BioTek®, USA) and calculated as nmol/μl of 
semen.  Briefly, frozen seminal plasma was thawed by 
placing vials into a water bath at 37˚C for 20 minutes, 
and immediately assessed for its antioxidant capacity 
following the manufacturer’s instructions (17).

Sperm chromatin structure assay
Sperm chromatin structure assay (SCSA) is a flow 

cytometry technique, which measures  the susceptibility 
of sperm DNA to acid-induced DNA denaturation in situ. 
Briefly, frozen semen samples were quickly liquefied in 
a water bath at 37˚C and diluted to a concentration of 
1-2×106 sperm per milliliter. Then, 200 μL of the obtained 
suspension was treated with 200 μL acid-detergent 
solution for 30 seconds.  Afterwards, 900 μL of acridine 
orange (AO) staining solution (Sigma-Aldrich, St. Louis, 
MO, USA) was added, and the sample was analyzed by 
flow cytometry. For each sample, a total of 10,000 events 
were measured at a flow rate of approximately 200 cells/
sec. DNA fragmentation index (DFI) as a measurement 
of a degree of sperm DNA damage was identified by the 

reflection of red fluorescence to total fluorescence and 
DFI values, subsequently analyzed using the FlowJo 
software (19).

Statistical analysis 
The analysis of the data was performed using SPSS 

version 16 (SPSS Inc., Chicago, IL, USA). To test whether 
the data were normally distributed, Kolmogorov‐Smirnov 
test was carried out, and appropriate statistical tests, either 
parametric (One-way ANOVA followed by Dunnett’s 
T3  post hoc test) or non-parametric (Kruskal-Wallis test 
followed by Bonferroni Correction post hoc test) were 
performed. Correlations between the lipid profiles, sperm 
parameters, and inflammatory factors were examined by 
Pearson and Spearman correlation. The p-value of less 
than 0.05 was statistically significant.

Results
General data

The demographic and clinical characteristics of all 
individuals who participated in our study are summarized 
in Table 1. The Nob-DM and Ob-DM groups were 
significantly (P<0.001)  older than other groups. There 
were significant differences observed between the control 
and other groups in terms of the mean waist circumference 
(WC), hip circumference (HC), and waist-to-hip ratio 
(WHR). Basically, groups comprising diabetic patients 
had significantly higher fasting blood glucose (FBG) and 
HbA1C levels as compared with the control and obese 
groups (P<0.05).

Table 1: Demographic characteristics of all individuals participated in the study. The numbers are adjusted in compliance with age, and BMI

Variable Groups
Control Obese Nob-DM Ob-DM P value

Clinical n=40 n=40 n=35 n=35

   Age (Y) 33 ± 0.97a 33 ± 0.97a 39 ± 1.05bA 38.5 ± 0.97A 0.001

   BMI (kg/m2) 23.3 ± 0.21abc 36 ± 0.80Ab 25.8 ± 0.40abC 34 ± 0.68aB 0.001

   Waist (cm) 88.5 ± 0.73ab 116 ± 1.92AB 96 ± 1.32ab 113 ± 1.70AB 0.002

   Hip circumference (cm) 96.5 ± 0.68a 112 ± 3.18A 97.91 ± 2.67a 114 ± 1.32A 0.001

   Waist-to-hip ratio 0.91 ± 0.00a 1.03 ± 0.24A 0.99 ± 0.00a 0.99 ± 0.01a 0.002

Biochemical

   FBG (mg/dl) 95.15 ± 1.53ab 97.92 ± 1.42ab 169.45 ± 13.59A 158.28 ± 9.71aB 0.001

   HbA1C (%) 5.12 ± 0.10A 5.43 ± 0.08A 7.12 ± 0.31a 7.13 ± 0.28a 0.001

   Cortisol (μg/mL) 12.92 ± 0.91a 11.01 ± 0.66a 14.21 ± 0.91A 15.15 ± 0.91A 0.005

   Serum testosterone (ng/mL) 4.47 ± 0.29A 3.52 ± 0.23a 3.78 ± 0.26a 3.70 ± 0.43a 0.017

Control; Normal weight  and non-diabetic  mellitus )BMI <25 kg/m2), Obese; Obese and non-diabetic mellitus  (BMI ≥ 30 kg/m2), Nob-DM; Diabetic 
mellitus non-obese (BMI ≤30 kg/m2), Ob-DM; Diabetic and obese men )BMI ≥30 kg/m2(, BMI; Body mass index, FBG; Fasting blood glucose, and HbA1C; 
Glycosylated hemoglobin. Capital letters vs. their corresponding lowercases (A vs. a, B vs. b, and C vs. c) indicate a significant difference (P<0.05). Data 
are presented as mean ± SE.
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Sperm concentration and motility and normal 
morphology

To clarify the effect of obesity and diabetes on the 
sperm parameters, sperm concentration, motility and 
morphology were detected (Table 2). Concerning the 
same period of sexual abstinence for all groups, there was 
statistically significant difference in sperm concentration, 
total motility, progressive motility, and total sperm counts, 
except the volume, semen pH, and sperm density between 
the groups.

Oxidative stress assessment 
The data regarding seminal plasma concentrations of 

ROS, TAC, DNA fragmentation, and annexin-V binding 
assay are summarized in Table 3. ROS levels were 
significantly lower in the control group in comparison 
to other groups (P<0.001). Moreover, sperm DNA 
fragmentation was higher in diabetic and obese groups as 
compared with the control group (P<0.05). 

As expected, TAC values were lower in Nob-DM, ob-

DM, and ob-Non-DM groups as compared with the control 
group. On the other hand, in the control group, the percentage 
of viable cells (Anx− PI−) was higher than that of other groups, 
which means that the control group had significantly lower 
numbers of apoptotic cells (Anx+ PI+) sperm. An inverse 
correlation was found between sperm ROS levels and sperm 
motility (total or progressive). The percentage of live viable 
cells (Anx− PI−) had a positive association with motility and 
morphology percentage (Table 4). 

Hormonal assays

Serum cortisol levels were significantly different when 
compared between diabetic patients (Nob-DM and ob-
DM) and healthy individuals (P<0.05). However, no 
significant difference was found between serum cortisol 
level between the obese and control groups. 

Serum testosterone levels were significantly higher in 
the control group compared with other groups (P<0.05). A 
negative association was found between the testosterone 
and cortisol levels in all groups of patients (Table 4). 

Table 2: Comparison of semen parameters between patients and the control groups. The numbers are adjusted in compliance with age, and BMI

Parameter Groups
Control

n=40

Obese

n=40

Nob-DM

n=35

Ob-DM

n=35

P value

Semen volume (ml) 3.1 ± 0.4 2.8 ± 0.3 2.8 ± 0.8 2.7 ± 0.9 0.018
Semen pH 7.6 ± 0.3 7.8 ± 0.2 7.5 ± 0.1 7.5 ± 0.4 0.020
sperm concentration (106 ml-1) 71.40 ± 4.97A 47.52 ± 5.03a 47.36 ± 5.15a 48.93 ± 5.49a 0.002
Sperm motility (%) 74.19 ± 2.41A 55.96 ± 3.60a 56.03 ± 3.45a 54.84 ± 3.83a 0.007
Normal sperm morphology (%) 28.50 ± 1.81A 13.57 ± 1.47a 11.65 ± 2.14a 16.68 ± 2.09a 0.000
Progressive motility (%) 49.07 ± 2.79A 37.13 ± 3.67a 37.02 ± 3.72a 33.39 ± 3.28a 0.004
Total normal progressively motile sperm (n) 73.71 ± 2.70A 62.23 ± 3.34a 61.39 ± 5.01a 56.28 ± 3.69a 0.006

Control; Normal weight and non-diabetic mellitus (BMI <25 kg/m2), Obese; Obese and non-diabetic mellitus (BMI ≥ 30 kg/m2), Nob-DM; Diabetic mellitus 
non-obese (BMI ≤ 30 kg/m2), Ob-DM; Diabetic and obese men )BMI ≥30 kg/m2), and BMI; Body mass index. Capital versus small letters (A with a, B with b 
and C with c) indicated significantly different (P<0.05). Data are presented as mean ± SE.

Table 3: Comparison of oxidative stress biomarkers and apoptosis between the patient and control groups. The numbers are adjusted in compliance with age, and BMI

Variable Groups
Control

n=40

Obese

n=40

Nob-DM

n=35

Ob-DM

n=35

P value

ROS (RLU/sec/×106 sperm) 40.85 ± 0.74a 66.03 ± 6.77A 54.46 ± 6.37A 48.52 ± 3.02A 0.001
TAC (nmol/μl) 60.96 ± 3.04A 49.47 ± 2.19a 49.69 ± 2.82a 48.54 ± 2.68a 0.001
SDF (%) 26.38 ± 1.63a 49.12 ± 3.18A 47.82 ± 1.99A 51.67 ± 2.07A 0.003
PI- and Anx- (%) 61.17 ± 1.71A 41.66 ± 2.86a 46.69 ± 2.51a 42.23 ± 3.42a 0.005
PI- and Anx+ (%) 12.67 ± 1.49a 23.78 ± 3.31A 15.75 ± 2.34a 26.80 ± 4.13A 0.001
PI+ and Anx+ (%) 16.23 ± 1.37a 24.95 ± 2.34A 28.53 ± 2.40A 26.76 ± 1.83A 0.018
PI+ and Anx- (%) 9.93 ± 1.95A 10.68 ± 2.68A 9.84 ± 2.20A 4.12 ± 0.72a 0.016

Control; Normal weight and non-diabetic mellitus (BMI <25 kg/m2), Obese; Obese and non-diabetic mellitus (BMI ≥ 30 kg/m2), Nob-DM; Diabetic mellitus non-obese 
(BMI ≤30 kg/m2), Ob-DM; Diabetic and obese men )BMI ≥30 kg/m2, BMI; Body mass index, ROS; Reactive oxygen species, TAC; Total antioxidant capacity, SDF; Sperm 
DNA fragmentation, Anx-; Annexin V-negative, Anx+; Annexin V-positive, PI+; Propidium iodide positive, and PI-; Propidium iodide-negative. Capital letters versus 
same small letters (A with a, B with b and C with c) indicated significantly different (P<0.05). Data are presented as mean ± SE. 
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 Table 4: Correlations among semen quality, obesity-associated markers, hormone, and oxidative stress biomarkers in all individuals participated
in the study
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Sperm concentration (106 
ml−1 )

1 0.58* 0.45* 0.46* -0.16* -0.23* -0.20* -0.19* -0.18* 0.12 -0.10 -0.11 0.14 -0.38* -0.02 0.17*

Sperm motility (%) 1 0.41* 0.86* -0.14* -0.24* -0.31* -0.30* -0.24* 0.11 -0.07 -0.25* 0.13 -0.47* -0.09 0.10

Normal sperm morphology 
(%)

1 0.33* -0.26* -0.31* -0.35* -0.38* -0.34* -0.11 -0.02 -0.09 0.08 -0.38* -0.16* -0.19*

Progressive motility (%) 1 -0.10* -0.23* -0.22* -0.24* -0.19* -0.04 -0.11 -0.23* 0.08 -0.40* -0.17* -0.24*

HbA1C 1 0.71* 0.22* 0.21* 0.18* 0.16* 0.22* -0.06 -0.15 0.32* 0.23* 0.05

FBS 1 0.17* 0.15* 0.13* 0.16* 0.37* 0.00 -0.11 0.26* 0.17* 0.03

BMI 1 0.91* 0.88* -0.28* -0.09 0.06 -0.19* 0.54* 0.16* 0.22*

Waist 1 0.88* -0.21* -0.06 0.09 -0.19* 0.53* 0.18* 0.16*

Hip 1 -0.14 0.02 -0.02 -0.21* 0.44* 0.19* 0.21*

Serum T (ng/mL) 1 0.13 -0.01 0.02 -0.17 -0.11 0.04

Cortisol (μg/mL) 1 -0.16 -0.15 0.03 0.05 -0.10

ROS (RLU/sec/×106 

sperm)
1 0.03 0.17 -0.08 0.03

TAC (nmol/μl) 1 -0.18 -0.16 0.03

SDF (%) 1 0.09 0.22*

PI+ and Anx+ (%) 1 -0.18*

PI− and Anx+ (%) 1

HbA1C; Glycosylated hemoglobin, FBS; Fasting blood glucose, BMI; Body mass index, ROS; Reactive oxygen species, TAC; Total antioxidant capacity, SDF; 
Sperm DNA fragmentation, Anx+; Annexin V-positive, PI+; Propidium iodide positive, PI-; Propidium iodide-negative, and *; P<0.05. 

Discussion
We observed elevated ROS levels in sperm of obese and 

diabetic men when they were compared with the control 
group. As visceral fat store expands, adipocytes generate 
increasing levels of ROS. Hyperglycemia appears to 
have a pivotal role in diabetic complications due to the 
excessive production of ROS. Additionally, the main 
source of endogenous ROS in semen samples of obese 
(20-22) and diabetic patients (23, 24) is attributed to the 
leukocytes, as well as the defective function of those 
cells in patients with obesity and diabetes. The increased 
amounts of ROS in obese and diabetic patients highlight 

the importance of free radical agents in the development 
of infertility in men who are affected with the early-
mentioned disorders (25, 26). 

Oxidative stress is a condition where the production of 
ROS surpasses the antioxidant levels. Several studies have 
also shown that the seminal plasma TAC concentrations 
were lower in sub-fertile and infertile men than the healthy 
male subjects (27-29). In our study, the concentration of 
blood plasma antioxidant was higher in obese and diabetic 
men in comparison with other groups.

ROS play a crucial role in several reproductive stages 
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in capacitation, acrosome reaction, fertilization, and 
normal development and maturation of spermatozoa (30). 
Heightened levels of ROS have been associated with 
impaired sperm motility, sperm concentration, and sperm 
morphology (31, 32),

Apoptosis is an autonomous programmed cell death 
process that is stimulated under specific conditions. In 
the present study, following an increase in ROS levels in 
obese and diabetics patients, the percentage of live normal 
spermatozoa (Anx−, PI−) was diminished. 

Elevated levels of ROS can cause transitory loss of the 
mitochondrial membrane potential and form mitochondrial 
pores in the inner membrane by which the egress of 
cytochrome c is capable of activating the complex of 
apoptosome followed by the activation of executioner 
caspases, exposure of PS on the external leaflet of the 
plasma membrane, and ultimately cell death (33).

Also, it seems that damage to the DNA contents of 
sperm is mainly caused by mitochondrial ROS generation 
that can stem from damaged spermatozoa (5, 34). The 
identification of DNA damage is an important factor in 
the evaluation of semen quality and considered a useful 
marker in the diagnosis of male infertility (35). 

Our results show that acute exposure to ROS can 
induce DNA damage in the sperm of obese, Nob-DM, 
and Obese-DM patients. Due to the possible effects of 
oxidative stress, sperm apoptosis, and DNA fragmentation 
on semen parameters, we investigated the correlations of 
semen parameters with oxidative stress status. We found 
that stress, sperm apoptosis, and DNA fragmentation were 
linked with sperm parameter (except sperm motility). A 
negative relationship was shown between ROS and sperm 
parameters (36-38).

There are relatively few studies that assessed the 
association between ROS generation and stress-related 
hormones in fertility problems. According to Darbandi 
et al. (39), following the generation of ROS, the HPA 
axis becomes activated and releases cortisol in humans 
in response to stress In the present study, a higher cortisol 
level was identified in diabetic men (Nob-DM and ob-
DM) compared with the control group, but there was no 
any association between cortisol and sperm parameters in 
all studied groups. The statistically significant correlation 
between cortisol and testosterone is the most important 
finding, supporting the fact that the inhibition of 
testosterone synthesis is a reflection of cortisol elevation.

It seems that cortisol, through the cross-talk between the 
HPG and HPA axes, as well as the reduction of testosterone 
levels in response to excessive amounts of ROS, might 
have roles in alteration of sperm parameters (40).

The present study is the first comprehensive observation 
of the categorization of metabolic diseases and oxidative 
stress assessments. Moreover, in this study, one of the 
limitations was the lack of our knowledge about the 
patient’s lifestyle (especially for physical activity). 
Although we tried to age-matched our studied groups, 

it was not possible even with adjusting the age between 
experimental groups.

Conclusion
Regarding the obtained results, increased levels of 

ROS were detected in sperm of obese and diabetics 
men, and therefore all men with diabetes and obesity 
should undergo screening for ROS because high levels 
of ROS impaired mitochondrial function and ultimately 
lead to DNA damage and impairment HPG/HPA axis. 
ROS could be considered the economical and simple 
technique predictive tool that can reflect an individual’s 
susceptibility to developing diabetes- and obesity-induced 
complications such as infertility in men.
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Abstract
Objective: Phospholipase C zeta 1 (PLCζ) is one of the main sperm factor involved in oocyte activation and other 
factors may assist this factor to induce successful fertilization. Microinjection of recombinant tr-kit, a truncated form of 
c-kit receptor, into metaphase II-arrested mouse oocytes initiate egg activation. Considering the potential roles of tr-
KIT during spermiogenesis and fertilization, we aimed to assess expression of tr-KIT in sperm of men with normal and 
abnormal parameters and also in infertile men with previous failed fertilization and globozoospermia.
Materials and Methods: This experimental study was conducted from September 2015 to July 2016 on 30 
normozoospermic and 20 abnormozoospermic samples for experiment one, and also was carried out on 10 
globozoospermic men, 10 men with a history low or failed fertilization and 13 fertile men for experiment two. Semen 
parameters and sperm DNA fragmentation were assessed according to WHO protocol, and TUNEL assay. Sperm tr-
KIT was evaluated by flow cytometry, immunostaining and western blot.               
Results: The results show that tr-KIT mainly was detected in post-acrosomal, equatorial and tail regions. Percentage 
of tr-KIT-positive spermatozoa in abnormozoospermic men was significantly lower than normozoospermic men. Also 
significant correlations were observed between sperm tr-KIT with sperm count (r=0.8, P<0.001), motility (r=0.31, P=0.03) 
and abnormal morphology (r=-0.6, P<0.001). Expression of tr-KIT protein was significantly lower in infertile men with low/
failed fertilization and globozoospermia compared to fertile men. The significant correlation was also observed between 
tr-KIT protein with fertilization rate (r=-0.46, P=0.04). In addition, significant correlations were observed between sperm 
DNA fragmentation with fertilization rate (r=-0.56, P=0.019) and tr-KIT protein (r=-0.38, P=0.04).                 
Conclusion: tr-KIT may play a direct or indirect role in fertilization. Therefore, to increase our insight regarding the role 
of tr-KIT in fertilization further research is warranted. 
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Introduction

Intra-cytoplasmic sperm injection (ICSI) technique has 
been applied increasingly to treat sperm-related infertility. 
During this technique, natural sperm selection barriers 
present in female reproductive tract and also initial 
physiological process of fertilization such as capacitation 
and acrosome reaction are bypassed. Therefore, it 
allows couples with little hope of achieving successful 
pregnancy to acquire fruitful fertilization and pregnancy 
(1- 4). Despite this potential, low or complete fertilization 
failure still occurs in a considerable number of ICSI 
cases. This phenomenon is mainly related to inability of 
sperm to induce oocyte activation (5, 6).  In this regard, 
Swain and pool (6) showed that over 50% etiology of 

failed fertilization post in vitro fertilization (IVF) is 
related to failed oocyte activation and so far several sperm 
factors are described to be involved in oocyte activation, 
including:  testis-specific phospholipase C zeta 1 (PLCζ), 
postacrosomal sheath WW domain-binding protein 
(WBP2NL or PAWP) and truncated c-kit gene product 
(tr-KIT) (7-12). These factors, commonly termed "sperm-
borne oocyte activation factors (SOAFs)", are released 
into ooplasm upon fusion of sperm with oocyte and lead 
to intracellular calcium oscillation (13). 

A large body of consistent and reproducible evidence 
suggests that PLCζ is the main factor that instigate Ca2+ 
release from intracellular stores (11, 13-17) and other 
factors may assist this protein in this process. Evidence 
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may suggest that WBP2NL/PAWP may complement 
action of PLCζ by activating PLCγ noncanonically (7, 
8, 18-21). Possibly, PAWP acquires this action via Yes-
Associated Protein (YAP) which has an SH3 binding 
motif and this motif interacts with an SH3 domain in 
PLCγ. Therefore, Ca2+ release from intracellular stores 
via the PIP2 vesicles is initiated. Even though this 
signaling pathway has been envisaged for PAWP, but 
further verifications are required (10, 22). Similarly, 
shortened cytoplasmic product of c-KIT, called tr-
KIT activate Fyn (a Src-like kinase) and subsequently 
SH3 binding motif of this kinase interacts with the 
SH3 domain in PLCγ to induce Ca2+ release from 
intracellular stores (22, 23). In this regard, Rossi et 
al. (22) suggested "microinjection of tr-kit into mouse 
eggs causes their parthenogenetic activation (12, 
23). Thus, tr-KIT is a candidate as an assistant sperm 
factor that might play a role in the final function of the 
gametes, fertilization." However, further verification 
of these pathway remains to be explored.

 C-KIT is important to gametogenesis in controlling 
primordial germ cell survival and also spermatogonial 
proliferation. It is highly expressed in spermatogonia and 
spermatocytes; and its expression declines in round and 
elongated spermatids; then it is completely absent from 
mature spermatozoa (22, 24). In contrast, expression of 
tr-KIT is very low in spermatogonia and spermatocytes, 
while its expression considerably increases in late 
spermiogenesis especially in mature spermatozoa (25). 
tr-KIT is present in the equatorial segment, midpiece 
and sub-acrosomal regions of the human sperm head 
and its presence has been associated with sperm motility, 
acrosome reaction and oocyte activation in mice (23, 
26). Considering the potential roles of tr-KIT during 
spermiogenesis and fertilization, we aimed to evaluate 
expression of tr-KIT in semen samples of men with 
normal and abnormal parameters and also in semen 
samples of infertile men with previous failed fertilization 
and globozoospermia.

Materials and Methods
Ethical approval

This experimental study has been approved by the 
Ethics Committee of Royan Institute (94000127). Written 
consent was obtained from all patients and their partners 
included in this study.

Experiment one: assessment of tr-KIT in individuals 
with normal and abnormal semen parameters 
Study population and semen samples analysis

Ejaculated semen was obtained from 50 men who 
were referred for semen analysis to the Andrology 
Unit of Isfahan Fertility and Infertility Center (IFIC). 
Semen parameters were assessed according to WHO 
(27) protocol and semen samples were considered as 
normal or abnormal according to the WHO-2010 criteria. 
Individuals with sperm concentration ≥15 million per ml, 

total sperm count of > 35 million per ejaculate, percentage 
total motility higher than 40% and/or percentage abnormal 
morphology of lower than 96% were considered as 
"normozoospermic" or "normal parameters" group. 
Based on this categorization 30 individuals were selected 
for normozoospermia group and 20 individuals with at 
least two abnormal sperm parameters were included in 
"abnormozoospermia" or abnormal parameters" group. 
Semen samples with greater than one million WBC or 
other cell types were also excluded from our study. The 
remaining semen samples were used for assessment of tr-
KIT by flow cytometry.

Verification of expression of tr-KIT and c-KIT
In order to assess expression of tr-KIT and c-KIT in 

sperm, one pair of primer for tr-KIT (phosphotransferase 
domain) and one pair of primer for c-KIT (ligand-binding 
domain), were designed. Then, expression of tr-KIT and 
c-KIT were assessed in one testicular biopsy from obstructive 
azoospermia undergoing ICSI, washed, and processed 
semen samples from normozoospermic individuals (n=5) 
by real time polymerase chain reaction (PCR) (Fig.1). In 
addition, western blot analyses were carried on sperm from 
fertile and infertile men in experimental two for detection of 
tr-KIT and c-KIT bands in sperm by an anti-human primary 
antibody (Santa Cruz, USA).  

Fig.1: Assessment of c-KIT and tr-KIT transcripts in a testicular tissue, fresh 
semen (n=5), and DGC processed semen (n=5) samples. 
DGC; Density gradient centrifugation, and #; Shows a significant difference 
between fresh semen and DGC processed semen (n=5) samples at P<0.05.

Assessment of tr-KIT by flow cytometry
Briefly, semen samples from both groups were washed 

twice in phosphate-buffered saline (PBS) and fixed in 
cold acetone. Then, sperm pellets were washed twice with 
PBS for 5 minutes at 3000 rpm and incubated with bovine 
serum albumin (BSA, Sigma-Aldrich, USA) 5%+normal 
goat serum (NGS, Chemicon, Germany) 10% for 2 hours 
to block non-specific binding sites. Next, the affinity-
purified anti-human primary antibody (Santa Cruz, USA) 
in PBS containing 1% bovine serum albumin (BSA) was 

https://www.ncbi.nlm.nih.gov/pubmed/28444612
http://en.wikipedia.org/wiki/United_States
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applied overnight at 4˚C [this antibody detect both tr-KIT 
and c-KIT bands at 150 and 30 kDa, according to previous 
published paper by Muciaccia et al. (26), respectively. The 
result of this study and previous studies (22) show that unlike 
tr-KIT, expression of c-KIT protein is not observable in sperm. 
Therefore, we used C-19 antibody for assessment of tr-KIT 
by flow cytometry in individuals with normal and abnormal 
semen parameters]. Subsequently, samples were washed 
with PBS and incubated with goat anti-rabbit IgG secondary 
antibody complexed with FITC (Sigma, USA) for 1 hour at 
37˚C. Ultimately, samples were washed with PBS and stained 
with propidium iodide (1 μg/ml, Sigma-Aldrich, USA). The 
percentage of tr-KIT-positive spermatozoa, propidium iodide 
positive sperm- population was assessed by a FACSCalibur 
flow cytometer (Becton Dickinson, San Jose, CA, USA) by 
means of an argon laser with an excitation wavelength of 488 
nm and an emission wavelength of 530 nm. The analysis was 
carried out with subtraction of the fluorescence of control 
sample from test sample. For each assay, a minimum of 
10,000 sperm were examined and the data were analyzed 
using BD CellQuest Pro software. Assessment of tr-KIT was 
performed according to modified protocols by Muciaccia et 
al. (26). Similar procedure was used for determine of tr-KIT 
localization by fluorescence microscope and, for each sample 
negative control were prepared without primary antibody.

Experiment two: assessment of tr-KIT expression and 
DNA fragmentation in fertile and infertile men with 
globozoospermia and failed fertilization 
Study population and semen samples analysis

Freshly ejaculated semen was obtained from 33 fertile 
and infertile men attending the Andrology Unit of IFIC. 
Infertile men were divided two groups; globozoospermia 
[(100% round-headed without acrosome) (n=10)] and 
individuals with a history failed or low fertilization (n=10). 
Individuals with total fertilization failure were considered 
as “failed fertilization” and those with fertilization rate of 
lower than 25% were considered as “low fertilization”. 
Thirteen fertile individuals who were referred for embryo 
donation or family balancing were considered as fertile or 
control group. For globozoospermia, protein was obtained 
from Royan protein bank (September 2013 to July 2016). 
For this study, individuals with failed and low fertilization 
were asked to voluntarily produce a second semen sample, 
within 7 days following ICSI. The remaining semen 
sample from individuals referred for embryo donation 
or family balancing was also used. Fertilization was 
assessed by the presence of pronuclei around 16-18 hour 
post-ICSI. The fertilization rate was calculated from the 
ratio of fertilized oocytes to the total number of survived 
injected metaphase II oocytes, multiplied by 100.

After liquefaction of semen at room temperature, each 
sample was divided into two parts. The first portion was 
used immediately for semen analysis and assessment of 
sperm DNA fragmentation using TUNEL assay. For fertile 
individuals a portion of semen sample was initially used 
for density gradient centrifugation (DGC) processing for 
ICSI/IVF and the remaining portion was used for semen 

analysis and TUNEL assay. All the studied samples had 
somatic cell count of less than one million per ml. The 
second portion was used for western blot after washing 
with PBS and centrifugation at 220 g for 10 minutes. The 
cell pellet was used for protein extraction. 

Assessment of sperm DNA fragmentation 
Assessment of DNA fragmentation in sperm sample 

were carried out by a detection kit (Apoptosis Detection 
System Fluorescein, Promega, Germany). Briefly, 
sperm concentration was assessed and samples were 
washed in PBS. Then, 20-40 µl of washed sperm was 
smeared onto slides and fixed in 4% paraformaldehyde 
for 30 minutes at room temperature. After washing the 
slides, the sperm were treated with 0.2% Triton X-100 
(Merck, Germany) for 5 minutes and washed twice in 
PBS again. The samples were covered with cover slips. 
For each sample, 200 randomly spermatozoa were 
counted using an Olympus fluorescence microscope 
(BX51, Japan) with the appropriate filters (460-470 
nm) at ×100 magnification. The percentage of green 
fluorescing sperm (TUNEL positive) as fragmented DNA 
in sperm was reported (28).

RNA isolation and quantitative real-time polymerase 
chain reaction 
For RNA extraction and cDNA synthesis, we used 
Aghajanpour et al. (29) protocol. Briefly, semen samples 
were washed with PBS, and total RNA was extracted 
using Trizol (Sigma-Aldrich, USA) for both fertile 
and infertile samples. For removing contamination 
of genomic DNA, samples were treated with DNaseI 
(Fermentas, USA). 1 μg of total RNA were used for 
cDNA synthesis by random hexamer primer and the 
RevertAid ™H Minus First Strand cDNA. For Real-
time PCR, we used a Step One Plus thermal cycler 
[Applied Biosystems (ABi)], and this method was 
carried out according to the manufacturer’s protocol 
(TaKaRa, Ohtsu, Japan). The PCR mixture contained 3 
pmol/µl of each primer, 10 µl SYBR premix Ex Taq II 
(TaKaRa, Ohtsu, Japan), and 25 ng cDNA adjusted to 
a final volume of 20 µl using dH2O for each reaction. 
All reactions were carried out in triplicate. Real-time 
specific primer pairs were designed by the Beacon 
Designer 7.5. The primers used were previously 
designed as:

tr-KIT-
F: 5ˊ-CAGCCAGAAATATCCTCCTTACT-3ˊ (Exon 17)
R: 5ˊ-GCCATCCACTTCACAGGTAG-3ˊ (Exon 18)
GAPDH- 
F: 5ˊ-CCACTCCTCCACCTTTGACG-3ˊ
R: 5ˊ-CCACCACCCTGTTGCTGTAG-3ˊ
c-KIT-
F: 5ˊ-GCGAGAGCTGGAACGTGGAC-3ˊ (Exon 1)
R: 5ˊ-CTGGATGGATGGATGGTGGAGAC-3ˊ (Exon 2)

The real time PCR protocol was carried out according  

http://en.wikipedia.org/wiki/United_States
http://en.wikipedia.org/wiki/United_States
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Tavalaee and NasrEsfahani (30). For presentation of data, the 
CT of target mRNA was normalized by CT of the reference 
gene (GAPDH). The data was expressed as ΔCT (CT of 
target gene-CT of GAPDH gene). A sample with lower ΔCT 
indicate higher concentration of target mRNA and vice versa. 

Western blot technique 
Expression of tr-KIT at protein level was assessed by 

western blot technique in 13 fertile, 10 infertile men with 
failed fertilization and, 10 globozoospermic men. Briefly, 
semen samples were washed with PBS, and extraction of 
protein was carried using TRI Reagent (Sigma-Aldrich, 
USA). Then, protein concentration was evaluated by 
Bradford assay (Bio-Rad, USA). 40 μg of protein for each 
sample were subjected to 12% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (PAGE), and then 
transferred to polyvinylidene fluoride [(PVDF membrane 
(BioRad, USA)]. For GAPDH and tr-KIT, membranes 
were blocked with 10% skim milk at 4˚C overnight and, 5% 
skim milk at 4˚C for 1 hour, respectively. Then, membranes 
were incubated with primary antibodies [GAPDH for 90 
minutes, and tr-KIT for overnight at room temperature, 
and 4˚C, respectively]. Then, membranes were washed 
and incubated with secondary antibodies (goat anti-rabbit 
IgG-HRP and Peroxidase-Conjugated Goat Anti-Mouse 
Immunoglobulins) for 1 hour (30). Densitometric analysis 
of the bands was performed by Quantity One Software v 
4.6.9 (Bio-Rad, Germany). The data was normalized as 
mean intensity of the infertile’s band/mean intensity of fertile 
bands, and results were expressed as mean relative intensity.

Data analysis
In this study, we used Microsoft Excel and SPSS 

(Version 17, Chicago, IL, USA) for data analyses. Equality 
of variances, and normal distribution were analyzed using 
Levene’s test and Shapiro-Wilk, respectively. Comparison 
of study variations between two groups were determined 
with independent-samples t test while between three 
groups were analyzed with one-way analysis of variance 
(ANOVA). In addition, pearson analysis was used to 
assess the correlations between difference parameters. 
Data were expressed as mean ± standard error of mean 
(SEM). A P<0.05 was statistically significant.

Results

Verification of expression of tr-KIT and c-KIT 
transcripts

Real time PCR results revealed that both c-KIT and 
tr-KIT transcripts are expressed by testicular tissue and 
sperm (Fig.1). For detection of tr-KIT and c-KIT proteins 
in sperm, we used C-19 antibody, according to previous 
published paper by Muciaccia et al. (26). The result of this 
study (please see experiment two) and previous studies 
(22) show that unlike tr-KIT, expression of c-KIT protein 
is not observable in sperm. Therefore, we used C-19 
antibody for assessment of tr-KIT by flow cytometry in 
individuals with normal and abnormal semen parameters.

Experiment one: assessment of tr-KIT in men with 
normal parameters and abnormal parameters 

Following semen analyses of couples referred to IFIC, 
samples were considered as abnormal (n=20) or normal (n=30) 
based on WHO criteria. Mean values for sperm concentration 
(24.15 ± 4.76 vs. 73.84 ± 5.48), total sperm count (100.58 
± 23.93 vs. 341.16 ± 31.67), and percentage sperm motility 
(36.47 ± 3.78 vs. 62.16 ± 2.19) were compared between 
the two groups and were significantly lower in men with 
abnormal semen parameters compared to men with normal 
semen parameters. In addition, percentage of abnormal sperm 
morphology (98.47 ± 0.20 vs. 95.53 ± 0.23) was significantly 
higher in men with abnormal semen parameters compared to 
men with normal semen parameters.

We assessed percentage of tr-KIT positive-spermatozoa by 
flow cytometry. Figure 2 shows that mean percentage of tr-KIT 
positive-spermatozoa was lower in men with abnormal semen 
parameters compared to men with normal semen parameters 
(Fig.2C, which quantifies Fig.2A, B). Localization of tr-KIT 
in sperm was evaluated by immunostaining method and we 
show that tr-KIT was mainly localized in the equatorial region 
of spermatozoa head and tail (Fig.2D), while tr-KIT was 
not detectable in these regions of spermatozoa in negative 
control. In addition, we observed significant correlations 
between percentage of tr-KIT positive-spermatozoa in the 
total population with sperm count (r=0.792, P<0.001), 
percentage sperm motility (r=0.316, P=0.034) and abnormal 
morphology (r=-0.595, P<0.001, Fig.3).  

Experiment two: assessment of sperm parameters, 
expression of sperm tr-KIT, and DNA fragmentation 
in fertile individuals, men with failed fertilization, and 
globozoospermia 
Assessment of sperm parameters between fertile and 
infertile men

The mean values for female and male age were 34.4 
± 9.6 and 38.75 ± 5.37 in the fertile group; 26.4 ± 5.59 
and 30.00 ± 3.93 in globozoospermia group and, 33.78 ± 
2.16 and 38.45 ± 3.84 in couples with failed fertilization, 
respectively. In addition, sperm parameters were compared 
between groups. The mean values of sperm concentration 
were 73.76 ± 5.81, 37.89 ± 9.34 and 30.85 ± 13.62 in fertile, 
infertile men with failed fertilization, and globozoospermia 
groups, respectively. Means of sperm concentration were 
significantly reduced in men with failed fertilization and 
globozoospermia compared to fertile individuals (P<0.001). 
Furthermore, means percentages sperm motility were 61.53 
± 2.07, 36.67 ± 6.45, and 22.16 ± 9.29, in the fertile, infertile 
men with failed fertilization, and globozoospermia groups, 
respectively. Similar to sperm concentration, means of 
percentage of sperm motility were also significantly lower 
in the both infertile groups compared to the fertile group. 
In addition, percentage of sperm abnormal morphology 
was significantly higher in the infertile men with 
globozoospermia (100%) compared to fertile (95.3 ± 
0.32) and infertile men with failed fertilization (96.34 ± 
0.89) groups.

http://en.wikipedia.org/wiki/United_States
http://en.wikipedia.org/wiki/United_States
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Fig.2: The results of flow cytometry and immunofluorescence staining of tr-KIT in sperm. A. Flow cytometric dot plot of tr-KIT in a man with normal, 
B. Abnormal semen parameters, C. Comparison of mean percentage of tr-KIT positive-spermatozoa between men with normal and abnormal semen 
parameters, and D. Localization of tr-KIT in sperm was evaluated by immunostaining method. #; Shows a significant difference between two groups at 
P<0.05.

Fig.3: Correlation between percentage of tr-KIT positive-spermatozoa with sperm count (r=0.792, P<0.001), percentage of sperm motility (r=0.316, 
P=0.034), and sperm abnormal morphology (r=-0.595, P<0.001, n=50).

Comparison of relative expression of sperm tr-KIT 
protein between fertile and infertile men 

We also assessed relative expression of sperm tr-KIT 
protein by western blot technique in fertile, infertile 
men with failed fertilization and globozoospermic 
men. As shown in Figure 4, the band intensity of tr-
KIT protein was low in infertile men with failed 
fertilization and globozoospermia compared to fertile 
individuals. Considering tr-KIT is a shortened protein 
produced by alternative splicing of c-kit, we used an 
antibody that able to detect both c-KIT and tr-KIT 

protein at 150 and 30 kDa bands. Our result was 
similar to Rossi et al. (22), and we did not observe 
any band at 150 kDa band in sperm, while tr-KIT was 
detectable. We compared mean relative expression 
of tr-KIT protein among these groups (Fig.4). The 
mean of tr-KIT protein was significantly lower in 
infertile men with failed fertilization (0.17 ± 0.03) and 
globozoospermic men (0.26 ± 0.12) compared to fertile 
(1.7 ± 0.5) men (P<0.05). In addition, we observed a 
significant correlation between fertilization rate with 
relative expression of tr-KIT protein (r=0.46, P=0.04).

A

C

B

D
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Fig.4: The results of western blots technique. A. Western blots of sperm tr-KIT protein from two fertile men. F; Fertile, FF; Two infertile men with failed 
fertilization, and G; Two infertile men with globozoospermia and B. Comparison of relative expression of tr-KIT protein between fertile men and both 
infertile groups. Arrows indicate bands of 150, 30 and 38 kDa for c-KIT, tr-KIT and GAPDH, respectively. #; Shows significant difference between fertile men 
and both infertile groups at P<0.05.

Comparison of sperm DNA fragmentation between 
fertile and infertile men 

In this study, sperm DNA fragmentation was assessed 
by TUNEL assay in fertile and infertile men. Mean 
percentage of sperm DNA fragmentation was significantly 
higher in infertile men with failed fertilization (28.18 ± 
6.01) and globozoospermic men (23.6 ± 5.67) compared 
to fertile (5.24 ± 1.23) groups (P<0.05). In addition, 
we observed negative significant correlations between 
percentage of DNA fragmentation with fertilization rate 
(r=-0.45, P=0.01), and tr-KIT protein (r=-0.38, P=0.04).

Discussion
One of the cornerstones of development is ability of sperm 

to induce "oocyte activation". This event can initiate a series 
of physiological phenomena and metabolic reactions in 
oocyte such as release of calcium from intracellular stores, 
cortical granule exocytosis, block to polyspermy, and 
resumption of the meiotic cell cycle (15, 16). In addition 
to PLCζ as main factor involved in oocyte activation, 
several other sperm factors suggested that may assist 
PLCζ in this phenomenon (11, 9, 13). In this regard, several 
lines of evidence suggested low expression or absence of 
sperm factors involved in oocyte activation such as PLCζ 
and PAWP in men with low or failed fertilization post 
ICSI or globozoospermia (8, 29-35). Though, results of 
studies regarding the role of PAWP on fertilization and 
early embryonic development are still controversial. In 
this regard, Escoffier et al. (36) demonstrated that PLCζ 
alone is sufficient to induce oocyte activation. Among 
sperm factors, tr-KIT need to receive more attention in 
the field of male infertility. 

In the mice model, previous studies showed that tr-KIT 
plays an important role in egg resumption from meiosis II 
at fertilization and zygotic development (25). In the light 
of these considerations, we decided to assess tr-KIT in 
human sperm. Our results clearly showed that both c-KIT 
and tr-KIT transcripts are present in testicular tissue 
and washed semen samples but western blot analysis 
revealed that only tr-KIT is present in sperm. Therefore, 

we assessed the percentage of tr-KIT positive sperm by 
flow cytometry in washed semen from individuals with 
normal and abnormal semen parameters. Our results 
showed that percentage of tr-KIT-positive spermatozoa 
was significantly lower in sperm of men with abnormal 
semen parameters compared to men with normal semen 
parameters. Also, significant correlations were observed 
between percent of tr-KIT-positive spermatozoa with 
sperm concentration, motility, and morphology. In this 
regard, Muciaccia et al. (26) also observed significant 
correlations between percentage of sperm tr-KIT with 
sperm motility and morphology, but not sperm count. The 
difference between current study with Muciaccia et al. 
(26), was due to sample sizes, type of selection of patient, 
and used technique. Considering expression of tr-KIT is 
restricted to spermiogenesis phase (25), therefore defects 
in spermatogenesis may be lead to misregulation of 
expression of this protein and subsequently cause poor 
semen quality. In line with this concept, other studies 
showed that misregulation of testis-specific genes could 
affect spermatogenesis and thereby semen quality (29, 
37, 38).  Therefore, assessment of sperm tr-KIT could be 
considered as an additional parameter along with classic 
semen analysis for evaluation of semen quality. 

In addition, immunostaining results show that tr-KIT 
is localized in the post-acrosomal and equatorial regions. 
This observation is in of keeping with a previous study that 
stated "tr-kit is not present in soluble portion of sperm, but 
it is found mostly in the Triton-X100 insoluble material" 
by western blot analysis (39). Despite this claim, we also 
observed tr-KIT on sperm tail region. Considering that 
the percentage of tr-KIT-positive spermatozoa correlated 
significantly with sperm motility, we explain that presence 
of tr-KIT on sperm tail may be due to secondary role of 
this protein in physiological phenomenon like motility 
and capacitation and/or signaling pathway leading to 
oocyte activation. However, further research is needed to 
confirm these results.

In the next step, we assessed tr-KIT protein in sperm of 
infertile men with failed fertilization and globozoospermia. 
Relative expression of tr-KIT protein was significantly 

A B
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lower in infertile men with failed fertilization and 
globozoospermic individuals compared to fertile men. 
Therefore, low expression of tr-KIT could be along with 
many other proteins whose expression is reduced in 
infertile men with low or absence of fertilization. These 
data possibly could suggest that one reason of failed 
oocyte activation or failed fertilization in both infertile 
groups could be due to reduced expression of tr-KIT.

Considering that fertilization is a multifactorial process 
and many factors such as anomalies in the oocyte and/or 
sperm, chromatin damage, inability to activate the oocyte, 
failure in chromatin decondensation (6) and the technique 
used, could affect fertilization outcome, we assessed sperm 
DNA fragmentation in fertile individuals, and infertile 
men with either failed fertilization or globozoospermia. 
Sperm DNA damage that commonly due to oxidative 
stress has been associated with failure in fertilization, 
embryo quality as well as poor implantation, and 
pregnancy outcomes (40). As we expected, the percentage 
of fragmented DNA in the sperm of both infertile groups 
were higher compared to fertile men. In addition, we 
observed significant correlation between percentage of 
DNA fragmentation and fertilization rate. Therefore, 
individuals with high DNA fragmentation are likely to 
have low fertilization rates. Similar to Muciaccia et al. 
(26), we also observed a significant negative correlation 
between percentage of sperm DNA fragmentation and tr-
KIT. Therefore, we suggest that sperm tr-KIT and DNA 
fragmentation could be considered as new markers for 
assessing human semen quality.

Conclusion
The result of this study clearly demonstrated that sperm 

tr-KIT has an important association with fertilization in 
humans, and its expression is decreased in individuals 
with low fertilization rate and globozoospermia. Taken 
together, further studies are requiring to reveal more light 
on involvement of tr-KIT in fertilization and to deepen 
our undemanding regarding the molecular mechanism of 
failed fertilization.
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Abstract
Objective: Human epidermal growth factor receptor 2 (HER-2), as a crucial factor involved in about 20% of breast cancer 
cases, is one of the most reliable tumor markers to determine prognosis and therapeutic trend of this disease. This marker 
is generally assessed by immunohistochemistry (IHC) technique. In the cases that result of IHC test cast doubt (+2), the test 
should be repeated or validated by applying in situ hybridization techniques, like chromogenic in situ hybridization (CISH). In 
this regard, the goal of current study was to figure out the link between different clinicopathological characteristics of patients 
suffering from invasive breast cancer, using tumor markers, hormone receptor (HR) and HER-2. Comparing IHC and CISH 
techniques for evaluating diagnostic value and usefulness of HER-2 were also the other objective of this study.
Materials and Methods: Based on this retrospective study, histological markers of 113 individuals suffering from invasive 
breast cancer -such as estrogen receptor (ER), progesterone receptor, HER-2 receptor, E-cadherin, CK5/6, vimentin and 
Ki67 were examined by IHC technique. HER-2 amplification of all patients was also evaluated by CISH. Clinicopathological 
information of the patients was also extracted from medical documents and their associations with tumor markers were 
statistically evaluated.               
Results: There is a significant relationship between tumor size, CK5/6 and tumor grade with HR status. Similar relationship 
was observed between HER-2 status and HR status, as well as vascular invasion (P<0.05). The comparison of HER-2 
amplification showed no complete concordance of the result obtained from these two techniques, with score +3.                
Conclusion: Since the status of HER-2 is very important in decision making of the treatment process, CISH technique is 
recommended in the malignant conditions as the primary test, instead of IHC. In this study, we also determined that HER-2 
expression is greatly correlated with ER- and PR- status. This might propose a better prognosis for HER-2+ patients. 
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Introduction
Breast carcinoma is a multifactorial ailment comprised of 

noticeable biological subtypes with vast variation in clinical, 
pathological and molecular features having various prognostic 
and therapeutic implications. The nature of this malignancy is 
interconnected with its clinical outcomes (1). It is important 
to note that up to 21 distinct histological subtypes and at least 
four various molecular subtypes of breast cancer, correlating 
with distinct risk factors, have thus far been diagnosed which 
are biologically different in presentations and results (2, 3). 

Evaluating different biological markers -including presence 
or absence of hormone (i.e. estrogen or progesterone) 
receptors (named respectively HR+ or HR-) and excessive 
level of human epidermal growth factor receptor 2 (HER-
2)- is the most applicable method for identifying the subtype 
of the cancer (4), leading to classification of some distinct 
subtypes of breast cancer: luminal A (HR+/HER-2-), triple 
negative (HR-/HER-2-), luminal B (HR+/HER-2+) and HER-
2-enriched (HR-/HER-2+) tumors (5).

HER-2 gene product is a 185-kDa trans-membrane growth 
factor receptor with tyrosine kinase activity involved in 
cellular signaling. It is responsible for regulating cell growth 
and development (6). Clinical studies show that HER-2 gene 
is amplified in 20-30% of all breast cancers (7), out of which 
overexpression is the direct result of this gene amplification 
in ~90-95% of cases (6). This phenomenon is a remarkable 
prognosis factor associated with lymph node metastasis, 
HR- tumors, high-grade tumor, great recurrence risk after 
operation, weak response to common chemotherapy and no 
chance of long-term survival (8).

HER-2 expression is an important factor in therapeutic 
decision-making of breast cancer, since HER-2 protein (HER-
2 gene product) is targeted for specific treatment by humanized 
recombinant monoclonal antibody Trastuzumab. So that, this 
drug could only be applied for treatment of patients with 
HER-2+ malignancy (9). 

These days, expression of estrogen receptor (ER), 
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progesterone receptor (PR) and HER-2 are measured by 
immunohistochemistry (IHC) technique, as a prognostic 
factor applied in the routine protocol of breast cancer 
treatment. In this technique, amplification of HER-2 is 
reported in three scores: i. No amplification of the targeted 
gene which is considered as +1, ii. An interface that does 
not indicate whether there is any increase in the HER-2 
protein level and it is shown as +2, in addition to iii. The 
definite amplification of HER-2 which is considered as +3. 
The patient’s IHC scored +2 should be rechecked by IHC 
or evaluated by some in situ hybridization techniques, like 
fluorescent in situ hybridization (FISH) or chromogenic in 
situ hybridization (CISH). Some studies implicate that CISH 
is more sensitive than IHC (10).

In this study, we examined sensitivity of the results 
obtained from IHC and CISH tests. For this purpose, HR 
(ER and PR) and HER-2 proteins of breast cancer patients 
were evaluated by these two techniques. In addition, all 
demographic and histopathological characteristics of the 
patients were recorded. The results of IHC test were scored 
as +1, +2 and +3, and compared to CISH test representing 
status of HER-2 expression (HER-2+ and HER-2- groups). 
Finally, histopathological characteristics and tumor subtypes 
obtaining from these two techniques were analyzed to detect 
meaningful correlations.  

Materials and Methods
This retrospective study was conducted over a period of 

four years at Mehr Hospital Pathology Department (Tehran, 
Iran). Over this time, 113 mastectomy specimens were 
obtained. In all cases, clinical features and tumor studies, 
including ER, PR, E-cadherin, CK5/6, vimentin and Ki67, as 
well as HER-2, were performed on formalin-fixed paraffin-
embedded (FFPE) tissue samples. Disease of specimens was 
completely gross based on a standard protocol. In addition, 
other data including tumor size, side of the breast, invasive 
ductal or lobular carcinoma, in situ component, grade and 
tumor vascular invasion were recorded.  

Tissue was subjected to routine processing and sections 
were stained with hematoxylin and eosin stain (11). The 
histopathological criteria were diagnosed based on WHO 
classification and the samples were graded, applying Modified 
Blooms Richardson Grading System. In addition, antibodies 
were applied to ER, PR, HER-2 receptor, E-cadherin, CK5/6, 
vimentin and Ki67.

Evaluation of progesterone receptor, estrogen receptor 
and HER-2 using IHC

Slices were made in thicknesses of 3-4 micrometers and 
placed on polyethylene lysine-coated slides. They were next 
deparaffined in xylene followed by distilling off with ethanol. 
Paraffin and healing slices were next set in 3% hydrogen 
peroxide solution (Sigma-Aldrich, USA). Antigenic reagents 
were performed by a 0.01 M citrate buffer solution with 
pH=6 for 20 minutes in microwave. In the next step, the 
sections were separately incubated with 7 antibodies (all 
from AbCam, UK) for 60 minutes at 37˚C: Monoclonal 
Mouse Anti-ErbB2 Affibody® Molecule, Monoclonal 
Mouse Antihuman Estrogen, Monoclonal Mouse Antihuman 
Progesterone, Monoclonal Mouse Anti-E Cadherin antibody, 

Monoclonal Mouse Anti-Cytokeratin 5+6 antibody (D5/16 
B4), Monoclonal Mouse Anti-vimentin antibody and 
Monoclonal Mouse Anti-Ki67 antibody. Normal tissue 
surrounding the tumor was used as the control of HER-
2, ER and PR. We could also quantify ER, PR staining by 
utilizing Allred score. All the slides were quantified by giving 
proportional scores regarding the percentage of cells, nuclear 
stain presence and intensity score considering the intensity 
of staining. The proportional score (PS) is as follows: 1% of 
cells representing nuclear stain, 10% of cells demonstrating 
nuclear stain, 33% of cells showing nuclear stain, 66% of 
cells expressing nuclear stain, 100% of cells showing nuclear 
stain. Intensity score (IS) is as follows: 0-negative weak 
staining, 1- intermediate staining and 2- strong staining. Total 
score (TS) is considered as follow: sum of PS+intensity. TS 
greater than 2 is regarded positive for significant expression 
of ER and PR. Immunohistochemical assessment of HER-
2 overexpression was considered positive, considering more 
than 10% of cells is severely stained (+3 score). In ambiguous 
cases (+2 score), they had to be confirmed by CISH.

Chromogenic in situ hybridization
In this experiment, paraffin blocks were divided into 5-6 

micron sections (at least 2 sections) to evaluate expression of 
HER-2 marker. We also categorized all original breast tumor 
tissues with either modified radical mastectomy or breast-
conserving surgery to confirm diagnosis of the invasive 
carcinomas.

The test has been conducted by applying CISH, based 
on Zyto Dot: 2C SPEC HER-2/CEN-17 dual Probes Kit 
protocol (Zytovision, Germany). The PD-12 probe contains 
digoxigenin-labeled polynucleotides targeting sequences of 
the HER-2 gene and DNA-labeled polynucleotides targeting 
alpha-satellites of the centromere of chromosome 17 causing 
formation of green and red signals, illustrated by light 
microscopy (×40 objective lens). All of these reactions were 
performed in two days, following four steps, in line with the 
kit protocol (www.zytovision.com).

CISH hybridization signal of one single copy of HER-2 
gene, appears like a distinct dark green dot-shaped signal, 
while the signal of one single copy of chromosome 17 
centromeric region appears as a distinct bright red dot-
shaped signal which can clearly be distinguished from the 
background counterstained with hematoxylin (Fig.1). All 
slides were analyzed and the results were recorded and scored 
in accordance to the American Society of Clinical Oncology/
College of American Pathologists (ASCO/CAP) guidelines. 
Briefly, the numbers of CEN-17 and HER-2 signals were 
counted in 100 non-overlapping invasive cancer cell nuclei, 
applying at least three distinct tumor fields (when possible). 
HER-2 signal heterogeneity was not regarded in this study. 
Where the mean HER-2/CEN-17 ratio in any field is 2 or 
greater, the tumor is, therefore, amplified. Where the ratio is 
less than 2 whereas average of HER-2 signal number per cell 
is equal to or less than 2, it is not amplified. Cases with a 
ratio of less than 2 and HER-2 signal number per cell between 
4 and 6 were considered as equivocal borderline results and 
after counting an additional 20 nuclei according to new 
ASCO/CAP guideline 2018 version (12, 13), final decision 
on the degree of amplification was made. 

http://www.zytovision.com/
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Fig.1: Illustration of a CISH result performed on the patient tumor sample. 
A. HER-2+ sample, whereby green-to-red ratio is more than 2 and B. 
HER-2- sample, whereby green-to-red ratio is less than 2 (red color is the 
indicator of chromosome 17 centromeric probes, and green color is the 
indicator of specified probes of HER-2 gene) (scale bar: 100 µm).

Ethical considerations
All experiments were performed in accordance with 

relevant guidelines and regulations. All FFPE samples were 
obtained from the Mehr Hospital. This study was approved 
by the Ethics Committee of Tarbiat Modares University 
(registered number: 52D/4922), Tehran, Iran. Written 
informed consent was obtained from each participant before 
FFPE sample collection.

Statistical analysis
In this study, chi-square data analysis and Fisher’s exact test 

were applied. All statistical analyses were conducted using 
Statistics Package for Social Sciences (SPSS) version 18 at 
the significant level of P<0.05. Quantitative variables were 
reported as mean ± SD and qualitative variables were also 
reported as frequency (%). 

Results
In the present study, various clinicopathological parameters 

in 113 cases of infiltrating ductal (102 cases) and lobular (11 
cases) carcinoma were analyzed and summarized in Table 1. 
The range of breast cancer patient age onset was between 27 
and 95 years old. Demographic data is given in Table 1.

The ER and PR relationship with pathological and 
demographic features, as well as clinical characteristics of 
patients are presented in Table 2.

Table 1: Demographic characteristics of ductal carcinoma breast cancer 
patients

Characteristics Number of subjects (%)
Age (Y)
   Mean 54.05 ± 12.729
   Range 27-95

Stage at diagnosis
   Stage I 37 (32.7)
   Stage II 28 (24.7)
   Stage III 27 (23.8)

Not determined 21 (18.5)
Breast involvement
   Right breast 67 (59.3)
   Left breast 42 (37.5)
   Bilateral involvement 4 (3.2)

Size of tumor
   More than 2 cm 81 (71)
   Less than 2 cm 32 (29)

Grade of tumor
   Grade 1 25 (22.1)
   Grade 2 57 (50.4)
   Grade 3 22 (19.4)

Not determined 9 (7.9)

Vascular invasion 57 (51.8)

Type of breast cancer
   Ductal carcinoma 101 (90.2)
   Lobular carcinoma 9 (8.0)
   In situ component of tumor 57 (50.9)

Hormone receptor status (IHC)
   ER+ 85 (75.9)
   ER- 27 (24.1)
   PR+ 69 (61.6)
   PR- 43 (38.4)
   ER- and PR- 30 (27)

HER-2
   +1 (negative) 27 (24.1)
   +2 (equivocal) 65 (58.0)
   +3 (positive) 21 (17.9)

Biomarkers
   E-cadherin positive 33 (68.8)
   CK5/6 positive 9 (14.1)
   Vimentin positive 4 (7.3)
   Ki67 92 (95.8)

HER-2 (CISH)
   Amplified 35 (31.3)
   Not amplified 77 (68.8)
   Triple negative 18 (16.1)

PR; Progesterone receptor and ER; Estrogen receptor.

A

B
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Table 2: Comparison of biomarker, demographic and clinical variables in terms of different combinations of ER and PR

Variable ER-/PR+ or ER+/PR- ER+/PR+ ER-/PR- P value (Chi-square test)

Age

≤45 7 (41.2) 17 (26.2) 5 (16.7) 0.18

>45 10 (58.8) 48 (73.8) 25 (83.3)

Tumor size
≤2 13 (76.5) 26 (40.0) 7 (23.3) 0.002
>2 4 (23.5) 39 (60.0) 23 (76.7)

Breast
Right 12 (70.6) 36 (55.4) 19 (63.3) 0.52
Left 4 (23.5) 28 (43.1) 10 (33.3)
Bilateral 1 (5.9) 1 (1.5) 1 (3.3)

Invasive ductal carcinoma
No 1 (5.9) 7 (10.8) 3 (10.0) 0.91
Yes 16 (94.1) 58 (89.2) 27 (90)

Invasive lobular carcinoma
No 17 (100.0) 58 (89.2) 28 (100.0) 0.38
Yes 0 (0.0) 7 (10.8) 0 (0.0)

In situ component
No 7 (41.2) 30 (46.2) 18 (60.0) 0.35
Yes 10 (58.8) 35 (53.8) 12 (40.0)

Grade
1 5 (31.3) 18 (28.6) 2 (8.0) 0.01
2 10 (62.5) 35 (55.6) 12 (48.0)
2 1 (6.3) 10 (15.9) 11 (44.0)

Vascular invasion
Negative 7 (41.2) 34 (52.3) 12 (42.9) 0.57
Positive 10 (58.8) 31 (47.7) 16 (57.1)

Stage
I 2 (66.7) 11 (55.0) 4 (44.4) 0.73
II 0 (0.0) 6 (30.0) 2 (22.2)
III 1 (33.3) 3 (15.0) 3 (33.3)

E-cadherin
Negative 3 (42.9) 10 (35.7) 2 (15.4) 0.38
Positive 4 (57.1) 18 (64.3) 11 (84.6)

CK5/6
Negative 1 (10.0) 2 (5.9) 14 (70.0) 0.04
Positive 9 (90.0) 32 (94.1) 6 (30.0)

Vimentin
Negative 6 (100.0) 33 (97.1) 12 (80) 0.11
Positive 0 (0.0) 1 (2.9) 3 (20.0)

Ki67
Negative 0 (0.0) 3 (5.3) 1 (4.0) 0.83
Positive 13 (100) 54 (94.7) 24 (96.0)

PR; Progesterone receptor and ER; Estrogen receptor. Data are presented as n (%).
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According to Table 2, only association of CK5/6 
with different combinations of ER and PR results 
is statistically noticeable (P<0.05). There is no 
significant association of E-cadherin, vimentin and 
Ki67 clinical variables with different combinations of 
ER and PR results (P>0.05). Chi-square analyses also 
indicate no significant association of tumor size and 
grade variables with different combinations of ER and 
PR (P<0.05). On the other hand, one of the goals of 
this study was to investigate potential association of 
HER-2 status (positive or negative result) using CISH 
technique with pathological and clinical variables of 
the patients. Results of this objective are reported in 
Tables 3 and 4. 

 Table 3: Comparison of histological variables in patients with positive and
negative CISH HER-2 result

Variable CISH HER-2 P value
(Chi-square test)

Positive Negative

ER

   Positive

   Negative

20 (57.1)

15 (42.9)

59 (76.6)

18 (23.4)

0.03

PR

   Positive

   Negative

16 (45.7)

16 (54.3)

52 (67.5)

25 (32.5)

0.02

E-cadherin

   Positive

   Negative

11 (78.6)

3 (21.4)

22 (64.7)

12 (35.3)

0.34

CK5/6

   Positive

   Negative

2 (10.0)

18 (90.0)

7 (15.9)

37 (84.1)

0.70

Vimentin

   Positive

   Negative

0 (0.0)

18 (100.0)

4 (10.8)

33 (89.2)

0.14

Ki67

   Positive

   Negative

29 (96.7)

1 (3.3)

62 (95.4)

3 (4.6)

0.14

Data are presented as n (%).

 Table 4: Comparison of demographic and clinical variables in patients
with positive and negative CISH HER-2 result

Variable CISH HER-2 P value
(Chi-square test)

Positive Negative

Age

   ≤45

   >45

8 (20.0)

28 (80.0)

22 (28.6)

55 (71.4)

0.33

Tumor size

   ≤2

   >2

13 (37.1)

22 (62.9)

33 (42.9)

44 (57.1)

0.56

Breast

   Right

   Left

   Bilateral

25 (71.4)

9 (25.7)

1 (2.9)

42 (54.5)

33 (42.9)

2 (2.6)

0.21

Invasive ductal carcinoma

Yes 34 (97.1) 67 (87.0) 0.09

Invasive lobular carcinoma

 Yes 1 (2.9) 8 (13.0) 0.17

In situ component

   Positive

   Negative

18 (51.4)

17 (48.6)

39 (50.6)

38 (49.4)

0.93

Grade

   1

   2

   3

5 (14.7)

21 (61.8)

8 (23.5)

20 (28.6)

36 (51.4)

14 (20.0)

0.30

Vascular invasion

   Positive

   Negative

25 (71.4)

10 (28.6)

32 (42.7)

43 (57.3)

0.005

Stage

   I

   II

   III

6 (40.0)

3 (20.0)

6 (40.0)

11 (64.7)

5 (29.4)

1 (5.9)

0.08

Data are presented as n (%).

According to Table 4, results obtained from chi-square 
analysis revealed that only association of vascular invasion 
with CISH HER-2 status is statistically significant 
(P<0.05). Finally, in order to detect HER-2 amplification, 
sensitivity and specificity of CISH were compared to IHC 
technique. The results are illustrated in Figure 2.
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As shown in Figure 2, there are differences in HER-
2 amplification frequency of +2 and +3 scores between 
CISH and IHC methods. In the cases of +1 score (i.e. 
HER-2 negative) using IHC, the results were confirmed 
by CISH technique. But, in the cases of +2 and +3 scores 
using IHC (i.e. HER-2 positive), CISH technique reveals 
contradictory cases.

Fig.2: Comparison of two techniques, CISH and IHC, in HER-2 amplification 
detection.  HER2 status is defined according to IHC in 3 states: +1 (HER2 
negative) where the cell membranes are not stained or less than 10% of 
the cells are stained. +2 (Equivocal), in which the membrane contains more 
than 10% of the cells weakly or moderately stained and +3 (HER2 positive) 
in which the membrane of more than 10% of the cells is completely and 
severely stained.

Discussion
Breast cancer is the main cause of around 9-34% of all 

patient malignancies in women, and about 1 million new 
cases are recognized annually around the world (14). In 
addition, breast cancer is a widespread type of malignancy 
occurring in women living in developed countries and it is 
the fifth cause of death among all cancers (14, 15). One of 
the important issues in diagnosis and treatment of breast 
cancer is impossibility of early detection (16). Therefore, 
improving diagnostic process will have a remarkable 
output in the consequences of breast cancer. 

Prognostic and diagnostic factors play important role 
in several aspects, including perception of the disease 
process in patients, predicting disease outcome, choosing 
the right treatment and planning for implementation of the 
extra treatment process. ER and PR status determination 
is very important in choosing the right treatment of 
breast cancer (17). These receptors are also considered as 
prognostic factors during hormone therapy (18).

In our study, the onset age mean of patients is 54 which, 
to some extent, is higher than the patients in other studies. 
In a study performed by Erbil et al. (19) age mean of 
the total number of 231 patients was 45 years and in 
the other study carried out by Mohaghegh et al. (20), 
the reported average of age was 48.3 years. In a study 

conducted by Payandeh et al. (21), the age mean of 
patients was 46.39 years.

In our study, 85 (75.9%) of the total cases were ER+, 
while 69 (61.6%) of them were PR+. Therefore, in 
our population study, ER+ patients have considerable 
prevalence and in comparison with other studies, the 
number of ER+ individuals is greater than that of PR+ 
(22, 23).

There are controversial reports on association of HR 
with clinicopathological features of the patients. In our 
study, no significant association between ER and PR 
with pathological features of E-cadherin, vimentin and 
Ki67 was observed. Furthermore, although there was a 
correlation between tumor size and grade of the disease, 
in addition to CK5/6, we did not notice a remarkable 
link between HR status and clinical features as well as 
demographic information including age, stage of disease, 
invasive lobular and in situ component. Thike et al. (24) 
showed that there is no association between age and HR 
status. However, in another study performed by Jalava 
et al. (23) an association between age and ER status was 
determined. Jalava et al. (23) and Aaltomaa et al. (25) 
showed no specific relationship between tumor size and 
HR status. However, in this study, we determined that 
size of the tumor in HR+ patients was more than 2 cm. 
Moreover, Moreover, in a study a lack of correlation has 
been reported between HR and histological analysis of 
carcinoma cells, while in several studies a correlation 
between HR+ and invasive lobular cancer was reported. 
HR+ status is generally common in patients with low 
tumor stage according to the result obtained from our 
study. However, due to the lack of samples with diagnosed 
stage of disease, it was not statistically significant. Our 
results also indicate that HR+ tumors have more +2 score 
than HR- tumors. This indication is in line with several, 
but not all, studies (23). The basal type cytokeratin CK4/5 
expression correlates with poor prognostic features, such 
as early recurrence, axillary lymph node positivity, high 
tumor grade, Ki-67 positivity and ER negativity (25). Our 
results showed that CK4/5 is often seen in HR- samples, in 
accordance with those of Choccalingam et al. (26) reports 
who also demonstrated that basal-like breast cancer 
expression, defined by basal cytokeratin expression, 
correlates with negative hormonal status and shorter 
disease-free intervals. Trastuzumab drug is used to treat 
patients suffering from HER-2+ invasive breast cancer 
tumors. In HER-2- cases, however, administration of this 
drug not only fails to have any benefit for the patients, 
but also it results in cardiotoxicity and additional costs for 
patients (27). 

In the present study, 35 (31%) patients showed 
overexpression of HER-2. The worldwide prevalence of 
women with HER-2+ breast cancer is 15-20% of the total 
affected cases which is also related to invasive forms of 
the disease (12).  HER-2+ cancer cells can produce two 
millions copy of the relevant protein on their surfaces 
which is almost 100 fold more than normal cells. This 
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promotes the cancer cells to grow and reproduce faster. An 
essential step in the signaling pathway leading to cancer 
cell growth is the dimerization of the HER-2 receptor 
protein (28). Several studies have reported the relationship 
between HER-2 and prognostic factors (29). In a research 
study, Konecny et al. (30) showed a reverse relationship 
of HER-2 with ER and PR status. Additionally, in a cohort 
study, a reverse correlation of HER-2 with HR status as 
well as a positive correlation between tumor grade and 
overexpression of HER-2 was reported (31).

In our study, most of the HER-2+ patients were aged 
more than 45 years old. According to our results, 
HER-2 showed a significant relationship with tumor 
vascular invasion; in most of the HER-2+ patients, 
tumor also had vascular invasion, while in the case 
of HER-2- patients, vascular invasion showed no 
statistical difference. Other prognostic factors related 
to breast cancer showed no statistical relationship with 
HER-2 status. In this study, HER-2 gene expression 
significantly associated with ER- and PR- status. This 
is similar to the study of Ariga et al. (32). It has been 
recommended that this association could reflect a better 
prognosis. However, the other studies revealed that 
ER+/HER-2+ status accompanied with a poorer survival 
rate than ER+/HER-2- status. Therefore, it sounds that 
HER-2 expression is a better predicator of response to 
hormonal therapy than ER status itself.

Whereas these results are in accordance with previous 
studies, more sample size and clinicopathological 
information is needed to reach more precise and 
comprehensive results. In this way, individuals who are 
candidates for HER-2 examination, in the process of 
treatment could be diagnosed at the early stage of disease 
using CISH technique, with no need of IHC technique 
application. 

In this study, we analyzed the frequency of patient sample 
features by IHC and CISH methods. As mentioned previously, 
the results of 18 (16.1%) patients, analyzed by IHC and CISH 
techniques, were triple negative and 30 (27%) patients were 
ER- and PR- synchronously. However, this finding contradict 
with the previously reported frequency of triple negative 
breast cancer patients 54.83% among infiltrating ductal 
carcinoma. In addition, Sandhu et al. (33) in another study 
reported 31% prevalence of triple negative breast cancer in 
7223 of Indian patients.

As mentioned before, we used CISH technique in our 
study. In HER-2 examination, one of the remarkable 
privileges of CISH over IHC is the increase of specificity 
and sensitivity. The other advantage of in situ hybridization 
method for HER-2 is that this examination be done 
through a comparative way with a reference sequence 
in one reaction on a slide which results in reduction of 
errors and increase of accuracy. Relatively qualitative 
method is another limitation of IHC technique, leading 
to inaccuracy of +1, +2 and +3 scores distinction related 
to HER-2. Moreover, this method is affected by technical 
errors, especially experience of operator (34).

In the case of solid tumors, CISH is better and the 
relative slides could be conserved longer, compared 
to FISH method. Additionally, detection of gene 
amplification is more beneficial using CISH in contrast 
to FISH, regarding that: i. In permanent staining, samples 
can be archived, ii. Bright field microscopy application 
would be feasible, iii. Identification of the target cells is 
easy, and iv. Tumor heterogeneity is easily assessed (35). 
In this study, we compared the results of CISH with IHC 
tests by examining a number of breast cancers.

Herceptin is an antibody-based drug utilized to treat 
breast cancer, by targeting overexpression of HER-2 
protein, as it is observed in about one-third of breast cancer 
patients. Therefore, Herceptin is prescribed for HER-2+ 
patients. On the other hand, prescribing this medication 
for patients who are not diagnosed with conclusive HER-
2 gene expression may lead to adverse side-effects and 
even faster disease progression as well as economically 
imposing high costs to the patients’ family and public 
health system. Usually, +1 score is considered as non-
amplification of HER-2 in IHC tests. 

Currently, IHC tests are performed on most patients 
with breast cancer referring to laboratories in order to 
test for ER, PR, E-cadherin, CK5/6, vimentin and Ki67, 
among which HER-2 gene amplification is examined 
to prescribe and use Herceptin. In IHC technique for 
HER-2 is classified to +1, +2, and +3 scores. While the 
+1 score is considered as HER-2 non-amplified class, 
the +3 score is considered as definitely amplified HER-
2. The +2 score is considered as equivocal, meaning that 
there is uncertainties in the HER-2 expression of patients. 
Therefore, either IHC tests should be repeated or the 
sample evaluation should be validated by FISH or CISH 
test (10), imposing more costs and time consequently. 
As previously mentioned, definitive answer to the HER-
2 status is crucial for making decision to prescribe 
Herceptin.

In this study, we also compared the results of HER-2 
amplifications by IHC and CISH techniques. According 
to results, CISH technique is considered more reliable 
than IHC. This comparisons show that only the cases 
with +1 score is considered non-amplified in IHC, fully 
validated by CISH method. Interestingly, the +2 score, 
which are considered equivocal results, account for 
58% (65 patients) of all cases. In other words, only less 
than half of the patients receive the ultimate result using 
this test and their results must be verified by repeating 
experiment or utilizing other techniques such as CISH or 
FISH. Therefore, despite cheaper cost of IHC technique, 
it seems that would be a more rational to perform CISH 
test in patients from the beginning. It is worthy to note 
that HER-2+ patients with +2 score results (74% of the 
cases) were verified through CISH method.

The results obtained from CISH test showed 2 patients, 
out of 20 HER-2+ cases with +3 IHC score, were 
actually HER-2-. False positivity of these 2 patients, 
as a significant IHC problem to test HER-2 protein 
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overexpression, might lead to wrong process of their 
disease treatment. A minority of cases of breast cancer 
scoring HER-2 (+3) by IHC using Herceptin test may 
not be associated with findings obtained from CISH, 
which confirms that the CISH technique has a higher 
accuracy and sensitivity (36).

In this project, we also calculated the rate of similarity 
between IHC and CISH results from two aspects: i. 
Proportion of the negative (+1) or positive (+3) cases 
obtained from IHC, to CISH and ii. Proportion of 
the cases identified as +2 IHC, to the CISH HER-2+. 
Considering all these results, the rate of similarity 
between IHC and CISH in the cases of +1 and +3 
scores was around 95.8% (45/47) and the concordance 
between +2 score and positive cases of CISH were 
around 26.2% (17/65). This result may be due to 
polysemy of chromosome 17 in breast tumors which 
may lead +2 IHC score of the cases to show false 
positive (37, 38). Totally, the overall concordance of 
these two techniques for detecting HER-2+ tumors is 
about 61%, while in the other studies, this concordance 
was varied from 52 to 82% (39). In other studies, the 
relationship between results of FISH/CISH techniques 
and IHC techniques has been reported. For instance, 
in a study performed by Bahreini et al. (40), it was 
demonstrated that 36% of +2 IHC score cases, 
identified by FISH technique, were positive and 64% 
were negative.

Conclusion
Since the results of HER-2 status is important for making 

decision of the treatment process, CISH technique is 
recommended to test HER-2 expression in the malignant 
and invasive conditions rather than IHC. Additionally, in 
the presented study, HER-2 expression was significantly 
linked to ER- and PR- status that may reflect a better 
prognosis.
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Abstract
Objective: To evaluate association of patients’ clinicopathological data with expression of nicotinamide nucleotide 
transhydrogenase (NNT) and naturally occurring antisense RNA of the same gene locus (NNT-AS1) in breast cancer 
samples.
Materials and Methods: In the current case-control study, mean expressions of NNT and NNT-AS1 were assessed 
in 108 breast tissue samples including 54 invasive ductal carcinoma samples and 54 adjacent non-cancerous tissues 
(ANCTs) by quantitative reverse transcription-polymerase chain reaction (qRT-PCR).              
Results: NNT expression was not significantly different between tumor tissues and ANCTs. However, NNT-AS1 
expression was significantly down-regulated in tumor tissues compared to ANCTs (expression ratio=0.51, P=0.01). 
NNT-AS1 expression was significantly higher in estrogen receptor (ER) negative samples, in comparison with ER 
positives (P=0.01). No considerable difference was found in the gene expressions between other subcategories of 
patients. Considerable correlations were detected between expression levels of these two genetic loci in both tumor 
tissues and ANCTs.                 
Conclusion: In the current study, for the first time we simultaneously assessed expression of NNT and NNT-AS1 
in breast cancer tissues. This study highlights association of ER status with dysregulation of NNT-AS1 in breast 
cancer tissues. Future researches are necessary to explore the function of this long non-coding RNA (lncRNA) in the 
pathogenesis of breast cancer. 
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Introduction

Breast cancer, as the most frequent type of female 
cancer, has prompted several investigators to find 
diagnostic or prognostic biomarkers among long non-
coding RNAs (lncRNAs) (1). This significant fraction 
of human transcriptome contributes to several aspects 
of cell physiology; so that dysregulation of them leads 
to development of cancer (2). An important subgroup 
of lncRNAs includes natural antisense transcripts 
(NATs) which are transcribed from the opposite DNA 
strand in relation to the sense transcripts, so their 
nucleotide sequences are complementary to the protein 
coding mRNA and the latter molecule is regulated by 
them. NATs can either inhibit or activate expression of 
the sense transcript (3). 

Recent studies have highlighted contribution of 
Nicotinamide nucleotide transhydrogenase (NNT) 
and the related NAT in the pathogenesis of some 
human cancer types. NNT has an indispensible role 
in the homeostasis of NADH and NADPH (4). The 

significant contribution of NNT in mitochondrial 
antioxidant pathways shields cells from oxidative stress 
(5). NNT silencing decreases ability of cancer cells to 
preserve NAD+ and NADPH levels and suppresses 
their proliferation and aggressive behavior possibly 
via alteration of HIF-1α and HDAC1-dependent 
pathways (4). The related antisense transcript (NNT-
AS1) participates in proliferation, migration, invasion 
and metastasis of colorectal cancer (CRC) cells (6). In 
hepatocellular carcinoma (HCC), NNT-AS1 expression 
has enhanced cell proliferation and inhibited cycle 
arrest as well as apoptosis through modulation of miR-
363/CDK6 axis (7). 

NNT loss has led to accumulation of acetylated 
catabolic substances of polyamines and a subsequent 
diminution of spermine and spermidine. Polyamine 
catabolism would mutually be elicited by oxidative 
stress and over-produce hydrogen peroxide, resulting 
in a malicious cycle that accelerates reactive oxygen 
species (ROS) production (8, 9). In spite of the 
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appreciated role of these processes in pathogenesis 
of breast cancer (8), no study has yet assessed the 
simultaneous significance of NNT and NNT-AS1 
dysregulation in breast cancer. Consequently, we 
conducted current study to assess expression of NNT 
and NNT-AS1 in breast cancer tissues compared to 
ANCTs in association with patients’ clinicopathological 
data, to find whether their transcript levels are altered 
in breast cancer in parallel, or they can be used as 
biomarkers of breast cancer.

Material and Methods

Patients

For the current case-control study, a total of 108 
breast tissue samples -including 54 invasive ductal 
carcinoma samples and 54 ANCTs- were excised 
during surgery from patients hospitalized in Farmanieh 
and Sina Hospitals (Tehran, Iran) during January 
2017-January 2018. Patients with definite diagnosis 
of invasive ductal carcinoma were included in the 
study. Those with other types of breast cancer and 
those received chemo-/radio-therapy before surgery 
were excluded from the study. All patients signed the 
written informed consent forms. The study protocol 
was permitted by the Ethical Committee of Shahid 
Beheshti University of Medical Sciences (IR.REC.
SBMU.1397.764), Iran. Clinical and demographical 
data of patients were collected through evaluation of 
medical reports and interviews with patients. 

Expression analysis

Total RNA was extracted from tumor tissues and ANCTs 
using the TRIzol™ reagent (Invitrogen, USA) based on 
the company guidelines. In brief, we homogenized 75 mg 
of tissues in 1 ml TRIzol™ reagent, followed by RNA 
precipitation using isopropanol and washing it in 75% 
ethanol (10). After assessment of quality and quantity of 
the isolated total RNAs, a proportion of each RNA sample 
was converted to cDNA, using the RevertAid First Strand 
cDNA Synthesis Kit (TaKaRa, Japan). Transcript levels of 
NNT and NNT-AS1 genes were compared between tumor 
tissues and ANCTs using rotor gene 6000 Real-Time 
PCR System (Corbett Research, Australia). TaqMan Fast 
Universal PCR Master Mix (Applied Biosystems, USA) 
was used for the expression study. The Hypoxanthine-
guanine phosphoribosyl transferase (HPRT) gene 
was used for normalization of the gene and lncRNA 
expressions. The nucleotide sequences of primers are as 
follow: 

HPRT1-
F: 5ˊ-AGCCTAAGATGAGAGTTC-3ˊ, 
R: 5ˊ-CACAGAACTAGAACATTGATA-3ˊ, 
FAM-CATCTGGAGTCCTATTGACATCGC-TAMRA; 

NNT1-
F:  5ˊ-AGCCACCTTCTGTGTTACTTGC-3ˊ, 
R:  5ˊ-TAGCCCAGAGCTGCCATGAC-3ˊ, 
FAM-TCAACCGTCAGGCTGCCACTGCTG-TAMRA 

NNT-AS1-
F:  5ˊ-CTTCCACTCTCGGGGACAGG-3ˊ, 
R:  5ˊ-GCACCAGGTTTGATTGACAAGG-3ˊ, 
FAM-TTGTCTCTGCCTCGGCCTGCGG-TAMRA. 

PCR efficiency and threshold cycle (Ct) values were 
obtained to quantify relative expression of each genetic 
locus in tumor tissues and ANCTs.

Statistical analysis

SPSS software version 18.0 (SPSS Inc., USA) was 
used for statistical analysis. Ct values obtained from 
qRT-PCR experiments were adjusted based on the PCR 
efficiency values. Association of patients’ data with 
relative expression of the gene or lncRNA (down-/
up-regulation in the tumor samples vs. ANCTs) was 
evaluated using Chi-square test. Relative expression of 
each genetic loci in each tumor sample was calculated 
using EfficiencyCt reference/ EfficiencyCt target formula. 
Data is presented as mean ± SD. The difference in 
these values between individual groups of patients was 
evaluated using Tukey’s honest significance test. The 
pairwise correlation between relative transcription 
levels of the genetic loci in each set of samples 
(tumor tissues and ANCTs) was calculated using the 
regression model. For all statistical analyses, P<0.05 
was regarded as significant. The receiver operating 
characteristic (ROC) curve was plotted to assess the 
power of genetic loci expression levels for diagnosis 
of disease status in breast samples. The Youden index 
(j) was applied to get the highest difference between 
sensitivity (true-positive rate) and 1-specificity (false-
positive rate). 

Results
Overall demographic and clinical information of 
patients

Demographic and clinical information of the study 
participants are reported in Table 1.

Transcript levels of NNT and NNT-AS1 in tumor 
tissues and ANCTs

NNT expression level was not significantly different 
between tumor tissues and ANCTs. However, NNT-AS1 
expression was significantly down-regulated in tumor 
tissues compared to ANCTs (expression ratio=0.51, 
P=0.01). Figure 1 shows relative expression of NNT and 
NNT-AS1 in each set of samples, as described by -∆Ct 
values (Ct reference-Ct target).
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Table 1: General demographic and clinical data of patients

Variables Values

Age (Y) 51.79 ± 13.54 (29-81)

Menarche age (Y) 13 ± 1.65 (10-18)

Menopause age (Y) 44.91 ± 14.91 (38-60)

First pregnancy age (Y) 18.04 ± 8.36 (14-32)

Breast feeding duration (months) 41.62 ± 34.1 (3-120)

Positive family history for other cancers 17

Cancer stage

   I 30.8

   II 28.8

   III 30.8

   IV 9.6

Overall grade 

   I 17

   II 49

   III 34

Mitotic rate 

   I 45.2

   II 42.9

   III 11.9

Tumor size

   <2 cm 32

   ≥2 cm, <5cm 66

   ≥5 cm 2

Estrogen receptor

   Positive 87.8

   Negative 12.2

Progesterone receptor 

   Positive 77.1

   Negative 22.9

HER2/Neu expression 

   Positive 25

   Negative 75

 
Data are presented as mean ± SD (range) or %.

Fig.1: Relative transcription of NNT and NNT-AS1 in tumor tissues (n=54) 
and ANCTs (n=54).
NNT; Nicotinamide nucleotide transhydrogenase, NNT-AS1; Nicotinamide 
nucleotide transhydrogenaseantisense 1, ANCTs; Adjacent non-cancerous 
tissues, and ct; Threshold cycle.

Association between relative expression of genetic loci 
and patients’ clinicopathological information

Based on the transcriptions in each tumor sample 
compared to related ANCT (<1 or >1), we categorized 
patients to up-/down-regulated groups. Then, we 
evaluated associations between such values and 
patients’ clinicopathological data. No association was 
found between relative expression of genetic loci in 
tumor tissue vs. ANCT and any of tumor characteristics 
(Table 2).

We also calculated relative expression of each 
genetic loci in tumor samples using EfficiencyCt reference/

EfficiencyCt target formula and compared these values 
between tumor subgroups. We detected significantly 
higher expression of NNT-AS1 in ER negative samples 
compared to ER positive cases (P=0.01). No remarkable 
difference was found between transcription levels of 
the other patient subcategories (Table 3).

Correlations between transcript levels of NNT and 
NNT-AS1 in tumor tissues and ANCTs

Correlations between transcript level of NNT and 
its naturally occurring antisense was assessed in 
both tumor and ANCT samples. Transcription levels 
of NNT were correlated with the expression of NNT-
AS1 in both ANCT and tumor samples (Fig.2A, B, 
respectively). Considering R2 values, the correlation 
was stronger in ANCTs compared to tumor tissues.
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Table 2: Association of relative transcriptions in tumor tissues compared to ANCTs, with patients’ clinicopathological data

Parameters NNT
Up-regulation

NNT
Down-regulation

P value NNT-AS1
Up-regulation

NNT-AS1
Down-regulation

P value

Age 0.4 0.79

   <55 Y 15 (45.5) 18 (54.5) 12 (35.3) 22 (64.7)

   ≥55 Y 6 (33.3) 12 (66.7) 7 (38.9) 11 (61.1)

Stage 0.9 0.76

   I 6 (37.5) 10 (64.5) 5 (33.3) 10 (66.7)

   II 5 (35.7) 9 (64.3) 7 (46.7) 8 (53.3)

   III 7 (46.7) 8 (53.3) 5 (56.3) 11 (43.7)

   IV 2 (50) 2 (50) 1 (25) 3 (75)

Histological grade 0.38 0.97

   I 5 (62.5) 3 (37.5) 3 (37.5) 5 (62.5)

   II 8 (34.8) 15 (65.2) 8 (36.4) 14 (63.6)

   III 5 (37.5) 8 (62.5) 5 (33.3) 10 (66.7)

Mitotic rate 0.57 0.26

   I 8 (42.1) 11 (57.9) 9 (50) 9 (50)

   II 5 (33.3) 10 (66.7) 4 (23.5) 13 (76.5)

   III 3 (60) 2 (40) 2 (40) 3 (60)

Tumor size 0.67 0.31

   <2 7 (43.8) 9 (56.2) 7 (43.8) 9 (56.2)

   2-5 12 (38.7) 19 (61.3) 10 (32.3) 21 (67.7)

   >5 0 (0) 1 (100) 1 (100) 0 (0)

ER status 0.84 0.33

   Positive 17 (40.5) 21 (58.3) 15 (36.6) 26 (63.4)

   Negative 2 (40) 3 (60) 1 (16.7) 5 (83.3)

PR status 0.92 0.54

   Positive 15 (41.7) 21 (58.3) 13 (37.1) 22 (62.9)

   Negative 4 (40) 6 (60) 3 (27.3) 8 (72.7)

HER2 status 0.51 0.54

   Positive 4 (33.3) 8 (66.7) 3 (27.3) 8 (72.7)

   Negative 15 (44.1)  19 (54.3) 13 (37.1) 22 (62.9)

NNT; Nicotinamide nucleotide transhydrogenase, NNT-AS1; Nicotinamide nucleotide transhydrogenase-antisense 1, ANCTs; Adjacent non-
cancerous tissues, ER; Estrogen receptor, PR; Progesterone receptor, and HER2; Human epidermal growth factor receptor 2. 
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 Table 3: Association of transcription levels in tumor tissues with tumors characteristics (mean ± SD values of EfficiencyCt reference
 - EfficiencyCt target

arepresented)

Parameters NNT P value NNT-AS1 P value

Age
   <55 vs.  ≥55 Y 71.97 (221.19) vs. 2.6 (4.63) 0.18 33.96 (127.22) vs. 2.79 (4.94) 0.29

ER status
   ER(+) vs. ER(-) 54.76 (198.15) vs. 20.84 (45.58) 0.68 10.58 (39.1) vs. 119.63 (289.12) 0.01

PR status
   PR(+) vs. PR(-) 63.53 (212.69) vs. 11.72 (33.89) 0.42 12.23 (42) vs. 57.81 (213.71) 0.15

HER2 status
   HER2 (+) vs. HER2 (-) 1.17 (2.78) vs. 68.49 (215.27) 0.28 1.53 (4.68) vs. 32.06 (123.7) 0.4

Tumor grade
   Grade I vs. II 84.71 (222.77) vs. 28.58 (131.89) 0.76 5.61 (7.02) vs. 13.89 (52.76) 0.98
   Grade I vs. III 84.71 (222.77) vs. 75.51 (253.41) 0.99 5.61 (7.02) vs. 53.38 (182.01) 0.58
   Grade II  vs. III 28.58 (131.89) vs. 75.51 (253.41) 0.74 13.89 (52.76) vs. 53.38 (182.01) 0.53

NNT; Nicotinamide nucleotide transhydrogenase, NNT-AS1; Nicotinamide nucleotide transhydrogenase-antisense 1, ct; Threshold cycle, ER; Estrogen 
receptor, PR; Progesterone receptor, and HER2; Human epidermal growth factor receptor 2. Data are presented as mean (SD) values.

Fig.2: Correlation of NNT and NNT-AS1 transcription levels. A. Shows the 
correlation in ANCTs and B. Shows the correlations in tumor tissues.
NNT; Nicotinamide nucleotide transhydrogenase, NNT-AS1; Nicotinamide 
nucleotide transhydrogenase- antisense 1, and ANCTs; Adjacent non-
cancerous tissues.

Receiver operating characteristic curve analysis
The power of NNT-AS1 expression in prediction of 

disease status in breast samples was evaluated using ROC 
curve (Fig.3). Assessment of this lncRNA transcription 
level shows 71.2% specificity and 56.6% sensitivity for 
breast cancer diagnosis.

Fig.3: Results of receiver operating characteristic (ROC) curve assessment 
analysis for NNT-AS1 performance in breast cancer diagnosis. The values 
were analysed based on EfficiencyCt reference

 - EfficiencyCt target .

A

B
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Discussion
In the current study, for the first time we simultaneously 

assessed expression of NNT and NNT-AS1 in breast cancer 
tissues in comparison with ANCTs and found down-
regulation of NNT-AS1 in tumor tissues, in spite of detecting 
similar level of NNT expression in tumor tissues and ANCTs. 
NNT-AS1 has previously been shown to exert oncogenic 
effects in CRC, HCC, osteosarcoma and cervical cancer 
(6, 7, 11, 12). However, expression of this lncRNA was 
significantly decreased in patients with ovarian cancer as 
well as the human ovarian cancer cell lines. Moreover, in 
vitro studies has shown that NNT-AS1 silencing enhances 
cell migration and invasion, while it suppresses apoptosis 
(13). So, the observed down-regulation of NNT-AS1 in the 
current study is consistent with the previously reported 
dysregulation of this molecule in ovarian cancer. This 
lncRNA is transcribed in the opposite direction of NNT 
gene and it has no intersection with latter gene nucleotide 
sequence (14). Most recently, Li et al. (14) demonstrated 
overexpression of NNT-AS1 in breast tumor tissues compared 
to ANCTs in correlation with patients’ survival and HER2, 
but not ER, status. In vitro experiments showed that NNT-
AS1 contributes to breast cancer pathogenesis via altering 
miR-142-3p/ZEB1 axis. The inconsistency between our 
results and their results might be due to a possible difference 
in the mean age of the study participants or an ethnic-based 
modulator of transcription. They have shown that ZEB1 is 
positively regulated by NNT-AS1. In our previous study, 
on the same cohort of patients, we failed to demonstrate 
any significant change in ZEB1 expression between tumor 
tissues and ANCTs (15). So, we hypothesized that NNT-
AS1 might participate in the pathogenesis of breast cancer 
through other mechanisms, including regulation of NNT 
expression. Significant correlation between NNT and NNT-
AS1 expressions, especially in non-tumor tissues, implies the 
presence of a feed-forward loop between these two genetic 
loci which should be assessed in future studies.

In spite of totally down-regulation of NNT-AS1 in tumor 
tissues compared to ANCTs, we demonstrated higher 
expression of it in ER negative tumor samples, compared 
to ER positive samples, likely suggesting the importance 
of this lncRNA in pathogenesis of ER negative breast 
cancers. Future studies are needed to evaluate expression 
of NNT-AS1 in larger cohorts of patients with regards to 
hormone receptor status.  

Finally, we evaluated the power of NNT-AS1 expression 
in prediction of the disease status in breast samples. 
Although transcription level of this genetic locus is not 
individually a sensitive marker for prediction of breast 
cancer, it might increase specificity of other putative 
panels of gene expression. 

Conclusion
The current study shows down-regulation of NNT-AS1 in 

breast cancer tissues compared to ANCTs in association with 
ER status. Future studies are necessary to explore function of 
this lncRNA in the pathogenesis of breast cancer.
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Abstract
Objective: Major birth defects are inborn structural or functional anomalies with long-term disability and adverse 
impacts on individuals, families, health-care systems, and societies. Approximately 20% of birth defects are due 
to chromosomal and genetic conditions. Inspired by the fact that neonatal deaths are caused by birth defects in 
about 20 and 10% of cases in Iran and worldwide respectively, we conducted the present study to unravel the role 
of chromosome abnormalities, including microdeletion/microduplication(s), in multiple congenital abnormalities 
in a number of Iranian patients.
Materials and Methods: In this descriptive cross-sectional study, 50 sporadic patients with Multiple Congenital 
Anomalies (MCA) were selected. The techniques employed included conventional karyotyping, fluorescence in 
situ hybridization (FISH), multiplex ligation-dependent probe amplification (MLPA), and array comparative genomic 
hybridisation (array-CGH), according to the clinical diagnosis for each patient.              
Results: Chromosomal abnormalities and microdeletion/microduplication(s) were observed in eight out of fifty patients 
(16%). The abnormalities proved to result from the imbalances in chromosomes 1, 3, 12, and 18 in four of the patients. 
However, the other four patients were diagnosed to suffer from the known microdeletions of 22q11.21, 16p13.3, 5q35.3, 
and 7q11.23.               
Conclusion: In the present study, we report a patient with 46,XY, der(18)[12]/46,XY, der(18), +mar[8] dn presented 
with MCA associated with hypogammaglobulinemia. Given the patient’s seemingly rare and highly complex 
chromosomal abnormality and the lack of any concise mechanism presented in the literature to justify the case, 
we hereby propose a novel mechanism for the formation of both derivative and ring chromosome 18. In addition, 
we introduce a new 12q abnormality and a novel association of an Xp22.33 duplication with 1q43q44 deletion 
syndrome. The phenotype analysis of the patients with chromosome abnormality would be beneficial for further 
phenotype-genotype correlation studies. 

Keywords: Array Comparative Genomic Hybridization, Chromosomal Abnormalities, Congenital Abnormalities, 
Microdeletions, Multiplex Ligation-Dependent Probe Amplification
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Introduction

Major birth defects are considered to be inborn 
structural or functional abnormalities which could 
be diagnosed prenatally, at birth, or later in infancy, 
or even in adulthood. Their consequence will be 

a long-term disability with major adverse effects 
on individuals, families, health-care systems, and 
societies (1). Approximately 20% and more than 10% 
of all neonatal deaths in Iran and worldwide (2) are 
caused by birth defects, respectively. The incidence of 



          Cell J, Vol 21, No 3, October-December (Autumn) 2019 338

Chromosomal Abnormalities in Congenital Anomalies

major birth defects in neonatals, resulting from genetic 
or partially genetic factors, is about 7.9 million per 
year (3). A fifth (20.2%) of the cases with birth defects 
are attributed to a known etiology comprising of 
chromosomal (15.8%) and genetic (3.8%) conditions. 
Teratogens are the cause of 0.8% of cases,  0.3% of 
them are caused by twinning, and four-fifths (79.8%) 
are categorized to be of unknown etiology (1). Nearly, 
20 to 30% of the infants suffering from birth defects 
have multiple congenital anomalies (MCA) involving 
different organs. In cases where two or more major 
congenital abnormalities occur in several organs and 
the defects do not represent a sequence or a complex 
series, the case is classified as MCA (4). 

Genetic factors are regarded as one of the most 
prominent etiologies of MCA (1). Also, chromosomal 
abnormalities have been known to be one of the 
leading causes of intellectual disability (ID) as well 
as congenital malformations. A large number of 
chromosomal defects can be detected immediately 
through high-resolution karyotyping technique. But, 
the resolution of the cytogenetic analysis is restricted 
to around 5 to 10 Mb. Among molecular cytogenetic 
techniques, fluorescence in situ hybridization (FISH) 
and multiplex ligation-dependent probe amplification 
(MLPA) are two of the targeted tests used to detect 
submicroscopic chromosome abnormalities. Genome-
wide molecular cytogenetic tests like array comparative 
genomic hybridisation (array-CGH) can identify a 
variety of copy number variants (CNVs) associated 
with MCA. Array-CGH, as a powerful test, is applied 
to investigate individuals with MCA, ID, and autism 
spectrum disorders (5). In the current study, we 
aimed at identifying the chromosomal abnormalities 
and microdeletion/microduplication(s) in 50 Iranian 
patients with MCA. The patients manifested diverse 
phenotypes including ID/developmental delay (DD), 
and at least one major congenital anomaly in another 
organ. Existence of additional minor dysmorphic 
features was also considered among the factors 
representing chromosomal abnormalities which led to 
an increase in the detection rate.

Materials and Methods
Selection of patients

In this descriptive cross-sectional study conducted 
during the three past years from April 2015 to May 
2018, clinical evaluation was performed for 50 selected 
sporadic patients suffering from MCA preferably born 
to unrelated parents and referred to us by experienced 
clinical specialists for genetic investigation from all 
over the country. All of the patients had ID/DD with 
at least one major anomaly and additional minor 
dysmorphic features. All of the steps taken for testing 
and procedures were fully explained for all of the 
probands’ parents, and signed informed consent forms 
from all of the participants were obtained for publishing 
any information or accompanying photographs. This 

study was approved by the Ethics Committee of the 
University of Social Welfare and Rehabilitation 
Sciences (IR.USWR.REC.1394.186).

Conventional karyotyping 
A conventional cytogenetic study was carried out on 

peripheral blood lymphocytes using GTG high-resolution 
banding technique according to standard protocols for 
all patients (6). Twenty GTG banded metaphases were 
examined through the complete analysis of each individual 
sample. Chromosome analysis was performed according 
to ISCN 2016 (7). 

Fluorescence in situ hybridization
Metaphase FISH was done only for patient 9 using 

the centromeric probe of chromosome 18 (Kreatech/
Leica Biosystems Buffalo Grove, IL, USA, http://www.
leicabiosystems.com) according to Kreatech protocol 
(8). Two hundred cells were examined to characterize the 
ring chromosome origin defined in 37% of cells by high-
resolution GTG banding. 

Multiplex ligation-dependent probe amplification          

MLPA technique was done using P245 Microdeletion 
Syndromes-1 kit (MRC-Holland, Amsterdam, the 
Netherlands) for the patients suspected of microdeletion/
microduplication syndromes. MLPA protocol was 
performed based on the instructions provided by the 
manufacturer, MRC Holland, and the data were analyzed 
utilizing capillary electrophoresis in the 3130XL DNA 
Analyzer, Coffalyser. Net software (MRC-Holland, 
Amsterdam, the Netherlands) and Gene Marker software 
version 2.7.0 (Softgenetics, State College, PA, USA). 
Abnormal results obtained with MLPA assay were 
repeated and if different, further investigations were 
carried out with array-CGH. MLPA studies were done 
for the patients’ parents with abnormal results in order 
to determine the causal role (de novo or inherited) of 
microdeletions. 

Array comparative genomic hybridization
The analysis of oligonucleotide array-CGH 

for Genomic DNA was carried out. To do so, the 
BlueGnome CytoChip ISCA 8×60 K v2.0 whole-
genome oligo array was utilized for patients 1, 5, 
9, 13, and 41. This array included intragenic and 
intergenic probe spacings of about 48 kb and 70 kb,   
respectively and high probe density in 500 clinically 
important regions. CytoSNP-850K v1.1 BeadChip 
overall effective resolution of about 18 Kb was used 
for patient 27. The tests were performed based on 
the manufacturer’s protocol. INNOPSYS 910 laser 
scanner was utilized for scanning according to the 
recommended protocol of the manufacturer. Image 
analysis and base calling were carried out employing 
the BlueFuse Multi-version 3 analysis software for 
oligo array and Multi-version 4.4 analysis software 

http://www.leicabiosystems.com
http://www.leicabiosystems.com
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for SNP array. The analysis of the samples was carried 
out two times against two non-identical controls 
and representation of minimum three clones on the 
platform in both of the experiments was considered 
to approve the imbalances. To evaluate the called 
CNVs, we utilized the standards and guidelines of 
American College of Medical Genetics and Genomics 
to interpret the postnatal constitutional CNVs (5). All 
chromosome coordinates are on the basis of GRCh37.
p13/hg19.

Results
Based on the selection criteria, the patients had MCA, 

i.e., having ID/DD and at least one major congenital 
anomaly in another organ plus additional minor facial 
dysmorphic features. The clinical characteristic features 
of all patients with MCA are summarized in Table 1. The 
participants included 25 male and 25 female patients. Their 
ages ranged from 7 months to 21 years with a median age 
of 3.25 years and an average of about 5.1 years (Table 1).

Excluding ID/DD, the most common clinical features 
from the highest frequent to the lowest frequent 
were congenital heart defects in 45 patients (90%), 
craniofacial dysmorphic features in 31 patients (62%), 
musculoskeletal, ear and genitourinary abnormalities, 
each one in 19 patients (38%), eye abnormalities in 
16 patients (32%), gastrointestinal abnormalities in 
5 patients (10%), and endocrine abnormalities in 3 

patients (6%) (Table 2). 

In patient 9, a 31-month-old boy from 
consanguineous parents (half first cousins) and born 
to a 27-year-old G1P1L1A0 (G: gravid, P: parity, L: 
live birth, A: abortus) mother, the clinical features 
were global DD, PDA, PFO, optic nerve hypoplasia, 
hypogammaglobulinemia, facial dysmorphic features, 
microcephaly, and mild ventriculomegaly in frontal 
horns in the axial spiral CT-scan of the brain without 
contrast, and benign extra-axial hydrocephalus and 
atrophic changes in the brain magnetic resonance 
imaging (MRI). The karyotype analysis by high-
resolution GTG banding showed 46,XY, der(18)
[12]/46,XY, der(18), +mar[8] dn (Fig.1A1, 2). Since 
in both cell lines of the patient the short arm of one 
chromosome 18 (18p) was abnormal and one cell line 
had an additional ring chromosome, one hundred cells 
were screened to obtain the percentage of the cells with 
marker ring chromosome. The karyotype analyses of 
the proband’s parents were normal. Metaphase FISH 
using the centromeric probe for chromosome 18 
indicated three hybridization signals for chromosome 
18 in 37% of the cells scored which was consistent with 
mosaic trisomy 18, nuc ish(D18Z1×3)[37]/(D18Z1×2) 
[63] dn (Fig.1A3, 4). Further investigations using 
array-CGH demonstrated the exact breakpoints of 
the derivative chromosome 18 and its deletion and 
duplication (Fig.1A5).

Fig1: Results of cytogenetic/molecular cytogenetic analysis of patients 9, 17, and 41. A1. Abnormal G-banded chromosomes 18 observed in all spreads, 
A2. 37% of spreads included ring 18, der(18)  and normal 18 from left to right, A3, A4. FISH results using centromeric probe for chromosome 18  (arrowed), 
A5. Array-CGH profile of chromosome 18 utilizing the BlueGnome CytoChip ISCA 8x60K v2.0 whole genome oligo array, B1. G-banded der(4), B2. 
Balanced translocation of chromosomes 4 and 12, and C. G-banded chromosomes 3 with 3p25.3p26.3 deletion. The normal idiograms of the mentioned 
chromosomes are in accordance with  ISCN 2016 (7).
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Table 1: The clinical features of 50 patients with MCA

Patient Sex Age Clinical findings

1 F 14 month DD, SVAS, SVPS, IUGR, Hypotonia, Left visual defect, Facial dysmorphic features, Strabismus, ADHD, Dental 
problems, Congenital hypothyroidism

2 M 25 month DD, VSD, ASD, Pulmonary hypertension, Microcephaly, Facial dysmorphic features, UDT, Small testes

3 F 8 Y ID, TOF, PDA, Microcephaly, DD, Aggressiveness, Umbilical hernia, Flat feet, Syndactyly 

4 M 3.5 Y DD, ASD, PDA, Bilateral congenital glaucoma, Hypotonia, Bilateral club feet, Bilateral hip dislocation (grade 
4), Bilateral hydronephrosis, Bilateral inguinal hernia and hydrocele, Hypothyroidism

5 F 5.5 Y ID, Large ASD, Epilepsy, Autistic behavior, Macrocephaly, Dolicocephaly, Facial dysmorphic features, Sparse 
hair, Joint laxity, Severe left renal reflux

6 F 6 Y ID, VSD, ASD, Microcephaly, Bilateral club feet, Joint stiffness

7 M 2.5 Y DD, Large ASD, Bilateral SNHL, Bilateral hydronephrosis, Dysphagia, Hypotonia, Polydactyly

8 M 3.5 Y DD, TR, Facial paralysis, Left SNHL

9 M 31 month Global DD, PDA, PFO, Hypotonia, Optic nerve hypoplasia, Facial dysmorphic features, Recurrent lower 
respiratory tract infection, Hypogammaglobulinemia, Dysphagia, Microcephaly, Speech disorder, Hypertelorism,  
Micrognathia, Clinodactyly, Rocker bottom feet, Short stature, Fecal/urinary incontinence

10 M 4 Y DD, Severe AS, Severe PS, ASD, Facial dysmorphic features, Brachydactyly, Clinodactyly, Flat feet, Hirsutism

11 F 4 Y DD, TOF, IUGR, Hypotonia, ADHD, Insomnia, Microcephaly, Facial dysmorphic features, Brachydactyly, 
Bilateral simian creases, Low-set ears

12 M 1.5 Y DD, TOF, Hypotonia, Facial dysmorphic features, Low-set ears, Bilateral UDT 

13 M 3 Y DD, VSD, AR, Bilateral SNHL, Facial dysmorphic features, Bilateral UDT, Speech delay, Malformed, 
Posteriorly rotated and low set ears, Simian crease, 5th toe clinodactyly, Umbilical hernia, Sacral mongolian spot, 
Right lower limb paresis, Joint contractures, Bilateral pachygyria

14 M 4.5 Y DD, TOF, Hypotonia, Bilateral SNHL, Urinary reflux

15 M 3 Y DD, Large ASD, Hypotonia, Microcephaly, Facial dysmorphic features, High-arched palate

16 F 3 Y DD, ASD, Hypotonia, Facial dysmorphic features, Speech delay, Macrocephaly, Wide anterior fontanel

17 M 8.5 
month

ID, DD, PDA, ASD, Hypotonia, Facial dysmorphic features, Infantile spasms and myoclonic jerks, Hearing loss, 
Bilateral simian creases, Corpus callosum hypoplasia, Growth retardation, Abnormal EEG, Microcephaly, Short 
neck, Malformed ears, Low-set ears, High-arched palate, Camptodactyly, Joint hyperlaxity, Imperforated anus, 
Umbilical hernia, Bilateral UDT, Small kidneys 

18 M 5.5 Y ID, Large ASD, PS, PDA, Hypotonia, Long philtrum, Visual defect, Bilateral inguinal hernia

19 F 3.5 Y DD, Severe PS, Facial dysmorphic features

20 F 3 Y DD, TOF, Bilateral congenital anophthalmia, Absence of manubrium

21 F 2 Y DD, ASD, Bilateral SNHL, Facial dysmorphic features, Right periauricular and periorbital tags, Rectovaginal 
fistula, Right lower lid coloboma

22 M 7 Y ID, VSD, Hypotonia, Corpus callosum hypoplasia, DD, Facial dysmorphic features

23 M 2.5 Y DD, TGA, Bilateral SNHL, Strabismus, High-arched palate, Clinodactyly

24 M 2 Y DD, Large VSD, PDA, Pulmonary hypertension, Left SNHL, Microcephaly, Bilateral UDT, Ambiguous genitalia

25 F 5.5 Y ID, Large VSD, Pulmonary hypertension, Hypotonia, Visual defect, Epilepsy, Bilateral simian creases, 
Microcephaly, Hyperreflexia

26 M 2 Y DD, TOF, Hypotonia, Facial dysmorphic features
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Table 1: Continued

Patient Sex Age Clinical findings

27 M 18 Y ID, TOF, DD, Microcephaly, Hypotonia, Severe scoliosis, Short stature, Facial dysmorphic features, Myopia, 
Strabismus, High-arched palate, Low-set ears, Left UDT, Growth retardation, Speech delay, Flat feet

28 M 2.5 Y DD, Large ASD, TA, Short and bifid sternum, Hypotonia

29 M 2 Y DD, Large VSD, PS, Dextrocardia

30 M 3 Y DD, PDA, PS, PFO, Hypotonia, Bilateral ptosis, Strabismus, Bilateral UDT

31 F 10 month DD, TA, PDA, VSD, ASD, Dolicocephaly

32 M 15.5 Y ID, VSD, Epilepsy, Autism, Facial dysmorphic features, Retrognathia, Low-set ears, Joints hypermobility, 
Bilateral club feet, Polydactyly (right foot)

33 F 1.5 Y DD, ASD, Bilateral SNHL, Cleft palate, Facial dysmorphic features, Hip dislocation, Simple cyst (Left kidney) 

34 F 8 Y ID, ASD, Autism, Hirschsprung, Bilateral inguinal hernia, Hypopigmentation of neck and back

35 F 7 month DD, ASD, Peripheral  PS, Ascending aorta dilatation, Bilateral cataracts, Facial dysmorphic features, Left ptosis, 
Low set ears, Micrognathia

36 M 2 Y DD, PFO, Moderate bilateral SNHL, Hypotonia, Convulsion, Abnormal EEG, Hydrocephalus, Bilateral optic 
nerve atrophy

37 F 1 Y DD, Large VSD, PFO, Pulmonary hypertension, Macroglossia, Facial dysmorphic features, Flat feet

38 F 12 Y ID, TR, MVP, Macrocephaly, Ventriculomegaly (in MRI), Short stature, FTT, Ureteral stenosis, Facial 
dysmorphic features, Left ptosis, Photophobia, Ichthyosis, Sparse hair

39 F 15 month DD, Dilated right atrium and ventricle, Dilated pulmonary artery, Hypotonia, Chest deformity, Vermis 
hypoplasia, Prominent diameters frontal horns of lateral ventricles in brain sonography

40 F 20 month DD, ASD, PFO, Choanal atresia, Bilateral lower lid coloboma, Low-set ears, Brain hemiatrophy, Macroglossia

41 F 10 Y ID, Autism, Facial dysmorphic features, Microcephaly, Bilateral SNHL, Epilepsy, Polydactyly (4 limbs), Low 
birth weight, Growth retardation, Abnormal EEG, Hypotonia, Trigonocephaly, Short stature, Triangular face, 
Ptosis, Low-set ears, Posteriorly rotated ears, Retrognathia, Micrognathia, Downturned mouth, High-arched 
palate, Fecal/urinary incontinence, Feeding problems

42 F 15 month DD, VSD, ASD, RVH, Choanal atresia, Strabismus, Nasolacrimal duct obstruction, Bulbous nose

43 F 21 Y ID, Autism, ADHD, Insomnia, Severe obesity, Aggressiveness

44 F 7 Y ID, Autism, Bilateral lower lid coloboma, Facial dysmorphic features, Microcephaly, Retrognathia

45 F 11 Y ID, Autism, Diabetes mellitus

46 F 10 Y ID, Autism, Facial dysmorphic features, Low-set ears, Urinary incontinence, Right small kidney

47 F 7.5 Y ID, VSD, Epilepsy, Postaxial polydactyly (4 limbs), Syndactyly 

48 M 8.5 Y ID, VSD, ASD, Facial dysmorphic features, Cleft lip and palate, Strabismus

49 M 6.5 Y ID, VSD, DD, Facial dysmorphic features, Left ureteral stenosis

50 M 9 Y ID, VSD, Epilepsy, Bilateral SNHL, Facial asymmetry, Strabismus, Microcephaly, Cleft lip/palate

MCA; Multiple congenital anomalies, F; Female, M; Male, AR; Aortic regurgitation, AS; Aortic stenosis, ASD; Atrial septal defect, DD; Developmental delay, 
FTT; Failure to thrive, ID; Intellectual disability, IUGR; Intrauterine growth restriction, MVP; Mitral valve prolapse, PDA; Patent ductus arteriosus, PFO; 
Patent foramen ovale, PS; Pulmonic stenosis, RVH; Right ventricular hypertrophy, SNHL; Sensorineural hearing loss, SVAS; Supravalvular aortic stenosis, 
SVPS; Supravalvular pulmonic stenosis, TA; Tricuspid atresia, TGA; Transposition of the great arteries, TOF; Tetralogy of fallot, UDT; Undescended testis/
testes, VSD; Ventricular septal defect, ADHD; Attention deficit/hyperactivity disorder, EEG; Electroencephalography, TR; Tricuspid regurgitation, and MRI; 
Magnetic resonance imaging.
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 Table 2: Frequency of main phenotypic manifestations of 50 patients
with MCA categorized by organ systems

Phenotype n (%)

Craniofacial 31 (62)*

      Facial dysmorphic features 27 (54)

      Microcephaly 13 (26)

      Macrocephaly 3 (6)

      Cleft lip/palate 3 (6)

      Dolicocephaly 2 (4)

Central nervous system 50 (100)

      ID/DD 50 (100)

      Hypotonia 20 (40)

      Epilepsy 8 (16)

      Corpus callosum agenesis 2 (4)

Cardiovascular system 45 (90)*

      ASD 19 (38)

      VSD 15 (30)

       PS 8 (16)

       PDA 8 (16)

       TOF 7 (14)

       Pulmonary hypertension 4 (8)

       PFO 4 (8)

       AS 2 (4)

Musculoskeletal system 19 (38)*

       Short stature 4 (8)

       Polydactyly 4 (8)

       Club foot 3 (6)

       Syndactyly 2 (4)

       Brachydactyly 2 (4)

       Clinodactyly 2 (4)

Ear 19 (38)*

       SNHL 11 (22)

       Low-set ear (s) 9 (18)

Eye 16 (32)*

       Strabismus 6 (12)

       Hypertelorism 5 (10)

       Ptosis 4 (8)

       Visual defect 3 (6)

 Table 2: Continued

Phenotype n (%)

       Lower lid coloboma 3 (6)

       Optic nerve hypoplasia 2 (4)

       Glaucoma 1 (2)

       Cataract 1 (2)

Genitourinary system 19 (38)

       UDT 7 (14)

       Urinary incontinence 3 (6)

       Small kidney 2 (4)

       Urinary reflux 2 (4)

       Small testes 1 (2)

       Hydrocele 1 (2)

       Ureteral stenosis 1 (2)

       Rectovaginal fistula 1 (2)

       Simple kidney cyst 1 (2)

Gastrointestinal system 5 (10)

       Dysphagia 2 (4)

       Fecal incontinence 2 (4)

       Hirschsprung 1 (2)

Endocrine system 3 (6)

      Hypothyroidism 2 (4)

      Diabetes mellitus 1 (2)

Miscellaneous

      Autism 8 (16)

      ADHD 3 (6)

      Growth retardation 3 (6)

      Choanal atresia 2 (4)

      Hypogammaglobulinemia 1 (2)

*; More than one abnormality may be observed in one patient, 
MCA; Multiple congenital anomalies, ID; Intellectual disability, DD; 
Developmental delay, ASD; Atrial septal defect, VSD; Ventricular septal 
defect, PS; Pulmonic stenosis, PDA; Patent ductus arteriosus, TOF; 
Tetralogy of fallot, PFO; Patent foramen ovale, AS; Aortic stenosis, SNHL; 
Sensorineural hearing loss, UDT; Undescended testis/testes, and ADHD; 
Attention deficit/hyperactivity disorder.

The clinical findings for patient 9 were compared with 
the previously reported patients in the literature and the 
ECARUCA database (http://www.ecaruca.net) (9) in 
Table 3.

The cytogenetic and molecular cytogenetic results of 8 
patients were reported in detail in Table 4.

http://www.ecaruca.net
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Table 3: The clinical features of patient 9 compared to those previously reported with 18p deletion, 18q duplication, mosaic ring(18), and full trisomy

Signs and symptoms 18p11.1-
pter del 
(case ID 
4621) (9)

18p11.21 
p11.32 del 
(case ID 
4772) (9)

18p11.21-
pter del 
(10)

18p 
deletion 
(11)

18q21.3- 
q23 dup 
(12)

18q21.3- 
q23 dup 
(12)

Mosaic 
ring18 
(13)

Mosaic 
ring18 
(14)

Full 
trisomy 
18 (15)

18p11.21p11.32 
del and 
18q21.31q23 
dup (patient 9)

Growth retardation + +

ID/DD + + + + + + + + +

Microcephaly + + +

Defects of CNS + +

Speech disorder + + + +

Hypotonia + + - + + + +

Heart defects - - + +

Optic nerve hypoplasia - +

Ptosis of eyelids + + - + + -

Strabismus + + + + -

Hypertelorism + - - + + +

Down/up slanting-
palpebral fissures

+ - - - + + +

Low-set ears + + - - + + + +

Wide nasal bridge + +

Long/short philtrum - - + + +

High-arched palate - + - + + + +

Micrognathia - - + + + +

Clinodactyly + - + + + +

Rocker bottom feet + +

Short stature + + + +

IgA deficiency - + - + +

IgG deficiency - - + +

IgM deficiency - - + +

Feeding problem + +

Genital malformations - - - - + +

Hernia + - + - +

ID; Intellectual disability, DD; Developmental delay, CNS; Central nervous system, +; Indicates presence, -; Indicates absence, and blank space; Indicates 
not available/not reported data.
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Table 4: Characterization of chromosomal abnormalities detected in 8 patients with MCA

Patient Cytogenetic band Chromosomal sequence Size Del/Dup Significant genes Known syndromes Inheritance

1 7q11.23 72,766,343-74,133,303 1.37 Mb Del 22 OMIM genes 
ELN, LIMK1, 
RFC2, FKBP6, 
FZD9, STX1A, 
GTF2IRD1, BAZ1B

Williams-Beuren 
syndrome

De novo

5 5q35.2q35.3 175,559,373- 177,422,731 1.86 Mb Del 25 OMIM genes 
including
NSD1

Sotos syndrome De novo

9 18p11.21p11.32 148,992-13,448,995 13.3 Mb Del 44 OMIM genes
TGIF1, LIPIN 2, 
LAMA1

- De novo

18q21.31q23 54,532,626-78,012,800 23.5 Mb Dup 60 OMIM genes 
including
MALT1, PIGN

-

18p11.21q21.31  (Mosaic ring, 37% of cells) - Dup - -

13 22q11.21 18,706,023-21,561,492 2.86 Mb Del 41 OMIM genes 
including TBX1

Digeorge
syndrome

De novo

17 12q15-qter - - Dup HAND2 - Maternal

4q33 - - Del - -

27 1q43q44  242,003,539-249,218,992 7.2 Mb Del 19 OMIM genes 
including AKT3, 
NLRP3, HNRNPU, 
SMYD3 KIF26B, 
ZBTB18 

Mental retardation- 
autosomal dominant 
22 (MRD22)

De novo

Xp22.33 60,814-601,612 541 Kb Dup 4 OMIM genes 
including SHOX, 
PPP2R3B, 
PLCXD1, GTPBP6 

-

35 16p13.3 - - Del CREBBP Rubinstein-
Taybi syndrome 1

De novo

41 3p26.3p25.3  93949_11504861 11.4 Mb Del SETD5, BRPF1, 
CHL1, CNTN4, 
SLC6A1, SLC6A11

3p deletion 
syndrome

De novo or 
Paternal

10q26.3  135243049-135372492 130 Kb Dup CYP2E1, SYCE1 -

MCA; Multiple congenital anomalies, Del; Deletion, and Dup; Duplication.

Patient 17, an 8.5-month-old boy born to non-
consanguineous parents with DD, infantile spasms and 
myoclonic jerks, abnormal EEG, PDA, ASD, Facial 
dysmorphic features, Hypotonia, and Corpus callosum 
hypoplasia (Table 1), showed an additional segment of 
12q15-qter origin on 4q33 in karyotype analysis. The 
patient father’s karyotype was normal, but his mother’s 

karyotype showed a reciprocal balanced translocation 
between long arms of chromosomes 4 and 12 
46,XX,t(4;12)(q33;q15). The clinical features of patient 
17 were compared with those of the previously reported 
patients who had overlapping genotypes with patient 17. 
The information was obtained from  the ECARUCA (9) 
and DECIPHER (16) databases (Table 5). 
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 Table 5: The clinical features of patient 17 compared to the cases previously reported with partial 12q duplications and those with partial deletions of 4q

Signs and symptoms 12q21.31 - 
12q21.32 dup 
patient ID 
264283 (16)

12q21.32 - 
12q23.1 dup 
patient ID 
258582 (16)

 12q23.3- 
q24.31 dup 
case ID 
4588 (9)

12q24.1- 
q24.3 dup 
case ID 
4053 (9)

4q33-
qter del 
(17)

4q33-
qter del 
(18)

4q33-
qter del 
(18)

4q33-
qter del 
(19)

12q15-qter 
dup and 
4q33-qter del  
(patient 17)

Sex M F M F M F M M M

Growth retardation + + - +

ID + + +Severe + - + + +

Seizures/Abnormal 
EEG

+ + - +

Microcephaly + + + + + +
Hypoplasia/agenesis of 
corpus callosum

+ + +

Frontal bossing/high 
forehead

+

Hypotonia + + - +
Heart defects - + + +
Short neck + + - + +
Hypertelorism + + - +
Epicanthal folds + + + - +
Slanting palpebral 
fissures

Up Up Up Up Down

Malformed ears + + - + + + +
Low-set ears + + + - +
Micrognathia + + + + + - -
Flat malar chin/flat mid-
face

+ + +

Thin upper/lower  lip + + + -
High-arched palate + - +
Down-turned corners of 
the mouth

+ + + + -

Abnormality of the teeth + + + -
Abnormal palmar 
creases

+ + - + +

Camptodactyly - + - +
Prominent/Bulbous 
nasal tip

+ - +

Anteverted nares + + + + + +
Depressed/flat nasal 
bridge

+ + - - +

High/prominent nasal 
bridge

+ + + - -

Wide  nasal bridge + + +
Short stature + + + + - -
Foot deformity + + + + + +
Sacral dimple/sinus + + + + - +
Imperforated anus - +
Hearing loss - +Bilateral
Umbilical hernia +
Cryptorchidism + + - +
Small kidneys +

EEG; Electroencephalography, F; Female, ID; Intellectual disability, M; Male, +; Presence, -; Absence, and blank spaces indicate not available/not reported data.
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Patient 41, a 10-year-old boy born to non-consanguineous 
healthy young parents with ID, autistic behavior, impaired 
social functioning, facial dysmorphic features, language 
delay, and microcephaly, bilateral SNHL, polydactyly 
(4 limbs), epilepsy, abnormal EEG, hypotonia, and 
trigonocephaly (Table 1), carried a terminal deletion 
of 3p in conventional cytogenetic characterization: 46, 
XY,del(3)(p25.3p26.3) (Fig.1C). The karyotype analysis 
of the proband’s mother showed an apparently normal 
female karyotype, but the father’s blood sample was 
unavailable. Further investigations using array-CGH 
confirmed 11.4 Mb terminal deletion of the short arm of 
chromosome 3 and about 130 Kb terminal duplication 
of the long arm of chromosome 10. Given the terminal 
10q duplication, the probability that the 3p26.3p25.3 
deletion was inherited from his father with 46,XX,t(3;10)
(p26.3p25.3; q26.3) is high.

The karyotype of patient 27, an 18-year-old boy from 
non-consanguineous parents and born to a 31-year-old 
G7P6L6A1 mother at term, had been reported as a normal 
male in his medical documents. The result of further 
investigation using P245 Microdeletion Syndromes-1 
kit was negative for the microdeletion/microduplication  
syndromes. The clinical features were ID, tetralogy of 
fallot (TOF), microcephaly, severe scoliosis, short stature, 
speech delay, and facial dysmorphic features (Table 1). 
In the conventional cytogenetic investigation repeated, a 
suspicion for terminal 1q deletion was observed. Array-
CGH was performed and reported two inherited CNVs:  
A 7.2 Mb deletion of the terminal end of 1q43q44 and a 
541 Kb duplication of Xp22.33. The array-CGH analyses 
performed for both of the parents were normal. 

Patient 1 was a 14-month-old girl from healthy 
and young non-consanguineous parents born through 
normal vaginal delivery to a G1P1L1A0 mother at 
term. The clinical characteristics were ID, intrauterine 
growth restriction (IUGR), hypotonia, hypothyroidism, 
supravalvular aortic stenosis, supravalvular pulmonary 
stenosis, left visual defect, attention deficit/hyperactivity 
disorder, strabismus, long philtrum, and thick lips. 
Conventional cytogenetic analysis was normal. MLPA 
screening demonstrated a deletion of 7q11.23 consistent 
with Williams-Beuren syndrome. Further assays using 
array-CGH confirmed about 1.37 Mb deletion including 
22 OMIM genes. Array-CGH analyses of the parents 
were normal.

Patient 5 was a 5.5-year-old girl, born through normal 
vaginal delivery to healthy and young non-consanguineous 
parents following a full-term pregnancy. Her mother was 
G2P1L1A1. She had suffered constipation for the first 
six months after birth. At the age of 14 months, the renal 
cortical scan revealed lesser activity in the lower pole of 
the left kidney because of pyelonephritis. During voiding 
cystourethrogram, severe urinary tract reflux was present 
in the left kidney. She also had a large ASD, ID, seizure 
attacks, autistic behavior, macrocephaly, dolicocephaly, 
frontal bossing, fish-shaped mouth, sparse hair, and joint 
laxity. She can say up to 5 words. The karyotype analysis 

was normal. MLPA assay revealed a deletion of 5q35.3 
consistent with Sotos syndrome. Further investigations 
using array-CGH confirmed 1.86 Mb deletion including 
25 OMIM genes. Array-CGH analyses of the parents 
were normal.

Patient 13 was a 3-year-old boy who was the 
product of the first pregnancy and cesarean delivery of 
nonconsanguineous parents. The clinical features were 
widow’s pick hair, down-slanting palpebral fissures, long 
eyelashes, deep set eyes, malformed, posteriorly rotated 
and low set ears, upward nose and nares, long philtrum, 
small mouth, high arched palate, high pitched cry, wheezing 
respiratory sounds, cardiac surgery scar, simian crease, 5th 

toe clinodactyly, umbilical hernia, sacral mongolian spot, 
overriding of 1st toe with 2nd toe, right lower limb paresis, 
joint contractures, right sided tippy-toed walking and 
bilateral undescended testes. Axial spiral CT-scan of the 
brain without contrast media showed bilateral pachygyria 
at frontotemporoparietal lobes due to abnormal neuronal 
migration. The karyotype analysis was normal. MLPA 
assay detected a deletion of 22q11.21 consistent with 
DiGeorge syndrome. Further investigations using array-
CGH confirmed 2.86 Mb deletion including 41 OMIM 
genes, arr 22q11.21 (18,706,023-21,561,492) x1 dn. 
Array-CGH analyses of the parents were normal.

Patient 35 was a 7-month-old girl born through cesarean 
section to a healthy consanguineous (first cousin) couple. 
Her mother was G1P1L1A0. She had bilateral cataracts, 
hypertelorism, left ptosis, frontal bossing, low set ears, long 
philtrum, broad nasal bridge, micrognathia, a borderline lactic 
acid and normal creatinine in urine, ascending aorta dilatation, 
peripheral pulmonary stenosis, and small ASD. Conventional 
cytogenetic analysis showed a normal female karyotype. The 
MLPA technique indicated a deletion of 16p13.3 consistent 
with Rubinstein-Taybi syndrome. The sample assay was 
carried out twice. The parents’ karyotype analyses and MLPA 
assays were normal.

Discussion
Based on several studies, the diagnostic yields of 

conventional cytogenetic studies in patients with MCA, 
global DD, and autism spectrum disorders, barring the 
known trisomy syndromes, have been reported to be 
about 3% (20). In this study, we identified chromosomal 
abnormalities, microdeletions, and  microduplications 
for 8 patients (16%) using conventional karyotyping 
technique [3 patients (6%)], MLPA method [4 patients 
(8%)], and array-CGH [1 patient (2%)]. In addition to the 
sample size limitations, the adoption of inflexible criteria 
for selecting patients and the design type of the study 
could have contributed to the raising the diagnostic rate 
of this study.

Well-defined microdeletion syndromes were the most 
common cause of MCA in this study, consistent with 
the results of previously reported studies (21). The 
clinical features of four patients 1, 5, 13, and 35 are 
congruent with known microdeletion syndromes namely 
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Williams-Beuren syndrome, Sotos syndrome, DiGeorge 
syndrome, and Rubinstein-Taybi syndrome, respectively. 
Consequently, they are not discussed in detail.

According to a hypothesis, two critical regions are 
within the long arm of chromosome 18 (18q), including 
18q12.1-q21.2 and 18q22.3-qter. Duplication occurrence 
is essential in both proximal and distal regions in order 
to cause the typical clinical features of a trisomy 18 to 
be manifested (12). In patient 9, the former duplication 
is considered as a mosaic trisomy and the latter as a full 
trisomy. 

As a chromosomal abnormality, partial deletion of 18p 
is more common than partial duplication of 18q (22). 
Mostly, a balanced translocation or inversion carried by 
one parent is the leading cause of partial trisomy of 18q 
(15). The real mechanism of mosaic ring 18 formation in 
patient 9 is unknown. Although his parents’ karyotypes 
were normal, there was a recombinant pattern of pericentric 
inversion and an extra ring in the patient’s karyotype. The 
possible mechanism for the formation of both derivative 
and ring chromosome 18 could, most probably, have 
initiated with an inverted chromosome 18 (p11.21– 
q21.31), created during meiosis in the gamete of one 
parent (23). Postzygotic mitosis resulted in two partially 
q duplicated and partially p deleted recombinants (22). 
The genetic size of 18p is almost 16 Mb with a common 
breakpoint cluster located in the pericentromeric region 
with a length of 4 Mb. The partial deletion of 18p in this 
patient was inside the breakpoint cluster spanning 13.3 
Mb. It should be noted that the 18q21.3 segment is one 
of the common fragile sites of chromosome 18 (24). One 
of the recombinants had seemed to have two breakpoints 
in 18q21.31 and 18p11.21 bands and the sticky ends of 
the segment between them fused and formed the ring 
chromosome 18. The broken segments were lost and some 
of the rings created were deleted in the next mitoses. The 
formation of ring chromosome 18 may be a novel escape 
mechanism in this patient with a pentasomy of 18q21.31-
qter segment (25).

Most clinical phenotypes of patient 9 overlapped 
with the clinical manifestations of partial 18p deletion, 
partial 18q duplication, and mosaic ring chromosome 18 
syndromes. The phenotypic variations could be explained 
based on the locations and the lengths of the duplicated 
or deleted segments with a mosaic triplicated segment 
between them considering the co-occurrence of different 
types of chromosome 18 abnormalities in this patient.

Litzman et al. (13) reported an agammaglobulinemic 
14-year-old girl with a mosaic ring chromosome 18. 
Her karyotype turned out to be: 45, XX,-18[5]/46, XX, 
dic r(18)[6]/46, XX, r(18)[89]. IgA deficiency/absence 
with normal ranges of IgG and IgM has been previously 
reported in association with 18p deletion (11). To the 
best of our knowledge, the proband is the first patient to 
be reported with partial monosomy of 18p, partial 18q 
duplication, and an extra mosaic ring chromosome 18 
associated with hypogammaglobulinemia.

Based on the information obtained, no patient has 
been previously reported with partial duplication of 12q 
with the breakpoint at 12q15 to qter. However, although 
chromosome 4q deletions occur rarely, 4q33-qter 
deletions have been reported several times (17). It seems 
that some clinical features of patient 17 like hypoplasia of 
corpus callosum, hypotonia, and high-arched palate are 
also observed in the cases with partial 12q duplication. In 
contrast, some of the other physical characteristics such as 
heart defects, flat midface, camptodactyly, and depressed 
nasal bridge are consistent with phenotypic features of 
terminal deletion of 4q33-qter. However, a number of 
major anomalies in patient 17 including bilateral hearing 
loss, imperforated anus, umbilical hernia, and small 
kidneys have not been reported in the patients with partial 
12q duplication or partial 4q deletion. The large size of 
12q15-qter duplication could be the cause of these extra 
phenotypes. Homo sapiens HAND2 gene located on 
4q34.1 has been known as the responsible gene whose 
proteins play a crucial role in developing ventricular 
chambers, cardiac morphogenesis, forming right ventricle 
and aortic arch arteries as well as developing limb and 
branchial arch. The haploinsufficiency of this gene in 
4q deletion may justify inborn heart anomalies (i.e., 
VSD and ASD), growth retardation, ID, digital anomaly 
(i.e., clinodactyly and oligodactyly), and craniofacial 
dysmorphism including a cleft palate (26).

Approximately 11.4 Mb deletion of the distal segment 
of 3p containing 46 OMIM genes has led to severe and 
different phenotypes in patient 41.

The distal deletion of 3p is a rare contiguous gene 
syndrome with the variable spectrum of major anomalies 
such as developmental delay, growth retardation, 
autism, hearing loss, renal anomalies, heart defects, and 
craniofacial dysmorphic presentations. Given common 
facial dysmorphic features and ID among patients with 
intragenic sequence variants and microdeletions affecting 
SETD5, it has been suggested that this gene plays a vital 
role in ID and also has a significant contribution to the 
core phenotype of 3p deletion syndrome (27). 

It seems that ID severity in patient 41 is due to the 
haploinsufficiency association of SETD5 and BRPF1 
genes. CHL1 gene deletion associated with mild ID 
and learning difficulties (28) may also contribute to this 
severity. Furthermore,  some clinical manifestations 
specially ptosis and short stature may occur because of 
BRPF1 gene deletion (29).

The autistic behavior of patient 41 may be because 
of CNTN4 (contactin 4), previously introduced as a 
strong candidate gene associated with autism spectrum 
disorders (30). Two genes namely SLC6A1 and SLC6A11 
encoding GABA transporter proteins have been proposed 
as possible candidates for seizures/EEG abnormalities, 
ataxia, and ID (31).

1q43q44 deletion in patient 27 with the size of 7.2 
Mb included 126 HGNC and 19 OMIM genes. Of these 
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genes, AKT3 gene haploinsufficiency has been linked 
with microcephaly in previously reported cases with 
1q43q44 deletion syndrome (32). However, because of 
the presentation of microcephaly in the patients with intact 
AKT3 gene, the other candidate genes such as NLRP3, 
HNRNPU, SMYD3, and KIF26B have been suggested 
to cause microcephaly (33). Nonetheless, AKT3 deletion 
may explain the severity of microcephaly in patient 27.

Corpus callosum agenesis/hypoplasia and epilepsy are 
mostly associated with deletions of ZBTB18 and HNRNPU 
genes in the patients with 1q43q44 deletion syndrome, 
respectively (34). However, none of these symptoms is 
demonstrated in the present case despite ZBTB18 and 
HNRNPU disruptions. Recent studies have suggested 
that modifier genes or two-hit hypothesis may explain 
variable expressions among some patients with identical 
microdeletions. Another CNV is a disruptive single-
base-pair mutation in a related gene or an environmental 
event which influences the phenotype. These are all the 
examples of the second hit (35).

Patient 27 also had a duplication of about 541 Kb in 
Xp22.33 containing PLCXD1, GTPBP6 and PPP2R3B 
genes as well as exons 1-3 and part of exon 4 of SHOX gene. 
PPP2R3B is one of the four major Ser/Thr phosphatases 
and negatively affects cell growth and division. PPP2R3B 
performs a regulatory control over the starting of DNA 
replication and its overexpression results in G1 phase cell 
cycle arrest (36).  

There has been a variable impact on stature due to 
duplications of the region PAR1 containing the SHOX 
gene. Although some studies point to a correlation 
between SHOX gene deletions and short stature and Leri-
Weill dyschondrosteosis, others have found some patients 
with the same clinical features who had partial or full 
duplications of SHOX gene. Bunyan et al. (37) reported 
a duplication of the exons 1-3 of the SHOX gene in a 
patient who had only short stature with no other clinical 
findings inherited from the proband’s affected mother. 
Co-overexpression of PPP2R3B and SHOX genes seems 
to have a synergistic effect on our proband’s short stature 
severity.  

Conclusion   
In this study, 50 patients with MCA were studied in 

terms of chromosomal abnormalities and microdeletion/
microduplication  syndromes. A patient was introduced with 
46,XY, der(18)[12]/46,XY, der(18), +mar[8] dn as a novel 
case of MCA associated with hypogammaglobulinemia. 
Afterwards, given the highly complex and rare nature 
of the patient’s chromosomal abnormality, a novel 
mechanism was proposed to explicate the formation of 
both derivative and ring chromosome 18. Furthermore, 
a new 12q abnormality was found which had not been 
reported previously. In addition, a novel association of an 
Xp22.33 duplication with 1q43q44 deletion syndrome was 
demonstrated. The phenotypic analysis of the introduced 
patients can be useful for further phenotype-genotype 

correlation studies.
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Abstract
Objective: This study was carried out to evaluate the relationship between mtDNA D-loop variations and the 
pathogenesis of a brain tumor.  
Materials and Methods: In this experimental study, 25 specimens of brain tumor tissue with their adjacent tissues 
from patients and 454 blood samples from different ethnic groups of the Iranian population, as the control group, were 
analysed by the polymerase chain reaction (PCR)-sequencing method.               
Results: Thirty-six variations of the D-loop area were observed in brain tumor tissues as well as the adjacent normal 
tissues. A significant difference of A750G (P=0.046), T15936C (P=0.013), C15884G (P=0.013), C16069T (P=0.049), 
T16126C (P=0.006), C16186T (P=0.022), T16189C (P=0.041), C16193T (P=0.045), C16223T (P=0.001), T16224C 
(P=0.013), C16234T (P=0.013), G16274A (P=0.009), T16311C (P=0.038), C16327T (P=0.045), C16355T (P=0.003), 
T16362C (P=0.006), G16384A (P=0.042), G16392A (P=0.013), G16394A (P=0.013), and G16477A (P=0.013) variants 
was found between the patients and the controls.                  
Conclusion: The results indicated individuals with C16069T [odds ratio (OR): 2.048], T16126C (OR: 2.226), C16186T 
(OR: 3.586), G16274A (OR: 4.831), C16355T (OR: 7.322), and T16362C (OR: 6.682) variants with an OR more than 
one are probably associated with a brain tumor. However, given the multifactorial nature of cancer, more investigation 
needs to be done to confirm this association.  
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Introduction
Brain tumors refer to all tumors in the central spinal 

canal or inside the cranium. All brain tumors are 
innately serious and fatal because of their infiltrative 
and invasive features in the confines of the intracranial 
cavity. According to the American Cancer Society, 
death estimation of Brain and other nervous system 
tumors is 6,150 (2%) per 100,000 in 2013. In 2013, 
1310 cancer deaths amongst children between 0 to 14 
years old were reported. Approximately, 25% of all 
cancers in children are due to brain and other central 
nervous system tumors (1-3).

The human mitochondrial DNA (mtDNA) is a 16,569 
base-pair-long double-strand DNA. Mitochondrial 
genome codes thirteen pivotal polypeptides of the 
respiratory chain enzyme complexes, which are located 
in the inner membrane of the mitochondria, along with 
two ribosomal RNAs (rRNAs) and twenty-two transfer 
RNAs (tRNAs) that are crucial for protein synthesis 
and intramitochondrial translation, respectively (4).

There are 103 to 104  copies of mtDNA per human cell (5). 
A 1.1 kb of noncoding displacement loop (D-loop) region 
is situated between the aforementioned genes. This region 
consists of heavy-strand and light-strand promoter regions 
which are essential for the mitochondrial transcription and 
replication process (4, 6, 7). 

Due to insufficient DNA repair mechanisms, 
the absence of protective histone proteins, and a 
considerable level of the reactive oxygen species 
(ROS) production during oxidative phosphorylation 
(OXPHOS), mitochondrial DNA is  susceptible to 
oxidative damage and carries significantly more 
mutations than nuclear DNA. In mtDNA, oxidative 
damages and the subsequent mutations can accumulate 
at a rate of 10-fold faster than nuclear DNA (8). 

In the past, a myriad of somatic mtDNA mutations, 
including insertions, deletions, point mutations, and 
altered mtDNA copy numbers, have been detected in 
numerous human cancers (9). In the mitochondrial 
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genome, some of these mutations lead to functional 
alterations in its encoded proteins or missense mRNA 
transcription (10). In the coding region, the common 
deletion region (CD) (4,977 bp deletion) is the most 
frequent (11). It has been shown that large deletions in 
the mitochondrial genome are accumulated in subjects 
with heteroplasmic mtDNA mutations and healthy 
elders (12).

The somatic variations in the D-loop area may be 
associated with the diminution of mtDNA copy numbers 
as well (13). The D-loop area of Mitochondrial DNA 
is a polymorphic region (14). The most of the mtDNA 
mutations occurring in D-loop are linked to human 
malignancies (13). Therefore, studying mtDNA mutations 
in various tumor cells is pivotal for understanding the 
relationship between mtDNA D-loop mutations and the 
initiation and progression of a tumor (15).

Materials and Methods
Subjects

In this experimental study, 25 samples of brain tumors 
and adjacent tissues (2 women and 23 men in the age 
range of 28 to 70 years old) were collected (Table 1). 
Furthermore, 454 blood samples from healthy controls 
were included; these samples are from 100 random 
individuals, belonging to17 ethnicities of the Iranian 
population. All of the samples were collected from 
the Tehran Special Medical Center. Tumor tissues and 
adjacent ones were quickly frozen by liquid nitrogen and 
transferred to a -80˚C freezer. The cancer diagnosis was 
confirmed via histological analysis. In the control group, 
the exclusion criterion was metabolic diseases, history 
of cancer, and any mitochondrial DNA related diseases 
which might affect the mtDNA.

Table 1: Age and histological features of brain tumors in patients

Sample Age Clinical data Diagnosis Gender

1 53 Left frontal brain tumor Astrocytoma Male

2 53 Right fronto-temporal brain tumor Giant Cell Glioblastoma Male

3 40 A right parieto-occipital brain tumor Oligodendroglioma Male

4 48 Right temporal brain tumor Astrocytoma Male

5 58 Left frontotemporal brain tumor Astrocytoma Male

6 33 Intraventicular brain tumor Ependymoma Male

7 56 Right temporal brain tumor Astrocytoma Male

8 51 Right temporal brain tumor Glioblastoma multiform Male

9 55 Left temporal brain tumor Astrocytoma Male

10 57 Right frontoparietal brain tumor Glioblastoma multiform Male

11 65 Left temporal brain tumor Astrocytoma Male

12 42 Right parieto-occipital brain tumor Oligodendroglioma Male

13 70 Right frontoparietal brain tumor Glioblastoma multiform Female

14 54 Right frontal brain tumor Glioblastoma multiform Male

15 58 A cerebral tumor Glioblastoma multiform Male

16 53 Right temporal brain tumor Glioblastoma multiform Male

17 63 Right temporal brain tumor Glioblastoma multiform Male

18 40 A cerebral tumor Glioblastoma multiform Male

19 28 Left frontal brain tumor Glioblastoma multiform Male

20 55 A right frontoparietal brain tumor Oligodendroglioma Male

21 63 Right frontal brain tumor Glioblastoma multiform Male

22 32 Left frontal cerebral tumor Glioblastoma multiform Male

23 32 Cerebral tumor Astrocytoma Male

24 56 Right temporal brain tumor Astrocytoma Female

25 36 Left temporal brain tumor Astrocytoma Male
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DNA extraction 
Genomic DNA of the tumor and the adjacent tissues 

were isolated by DNA extraction kit (Qiagen, Netherlands) 
and blood samples of the controls. which were collected 
in Ethylenediaminetetraacetic acid (EDTA)-containing 
tubes, were extracted using Diatom DNA extraction kit 
(Gene Fanavaran, Iran) and their quantity and quality were 
analyzed by NanoDrop 2000 UV-Vis Spectrophotometer 
(Thermo Fisher Scientific) and agarose gel electrophoresis, 
respectively.

Mitochondrial D-loop genotyping
Primers for amplifying of the mtDNA D-loop region were adapted 

from Seyedhassani et al. (16) and Shakhssalim et al. (17).
The volume of a PCR reaction was 25 µl and contained 50-

100 ng of the DNA, 0.8 µl of the primers, 0.8 µl of MgCl2, 
0.5 µl of dNTPs 10 mM, 2.5 µl of PCR buffer (10X), and 
0.3 µl of Taq DNA polymerase (Roche Applied Sciences,  
Germany).  Moreover, the PCR procedure was carried out 
according to the following protocol: pre-denaturation phase 
(5 minutes at 94˚C), followed by 35 cycles of the shorter 
denaturation phase (50 seconds at 94˚C), annealing step (50 
seconds at 55˚C), the extension step (50 seconds at 72˚C), 
The final stage is the extension phase for 10 minutes at 
72˚C. Each amplified fragment subsequently was sequenced 
using an ABI PRISM 3730 sequence analyzer (Macrogen, 
Korea). The acquired sequencing data were evaluated using 
Finch TV.

Statistical analysis
Finch TV version 1.4.0 was used to edit and align the 

sequences. The NCBI blast was used as a reference. The 
statistical analysis was carried out using IBM SPSS statistics 
for windows, version 24.0 (IBM Corp., Armonk, NY, USA). 
The chi-square was used to evaluate the deviation from the 
Hardy-Weinberg equilibrium. This association between a 
brain tumor and D-loop variants was evaluated using SPSS 
version 22. A P<0.05 was considered statistically significant.

Results
In the present study, tissue samples from 25 subjects with 

brain tumors and 454 blood samples from the control group 
were genotyped for D-loop region variants. The subsequent 
results showed 36 variations in the D-loop area (Table 2), 
most of which were already reported under MITOMAP. One 
hundred and fifteen variations of the D-loop region were 
found in the control groups (Table 3). However, 34 mutations 
in the patients and 103 mutations in the control were reported 
in advance, and 2 mutations in the patients and 12 mutations 
in the control were novel mutations (Table 4). All variations 
were single nucleotide substitutions and the majority of 
them were C→T. (33.33%) T→C (30.55%) G→A (22.22%) 
A→C (2.77%) C→G (2.77%). The D-loop region variant 
distributions in the controls and the patients are shown in 
Table S1 (See Supplementary Online Information at www.
celljournal.org). The significant associations between variants 
and brain tumor risk (P<0.05) are shown in Table 5. 

Table 2: List of D-loop region variants in the patient group (tissue sample)

T15936C*G15928AC15884GA750GT489CA263GG207AT204CT195CA152G
T16224CC16223TC16193TT16189CC16186TT16172CC16148TG16145AT16126CC16069T
C16355TC16327TA16318CT16311CC16292TG16274AC16270TC16261TC16256TC16234T

T16519CG16477AG16394AG16392AG16384AT16362C

*; Shows unreported mutations near the D-loop region.

Table 3: List of D-loop region variants in control group (blood sample)

A152G T195C T204C G207A A263G T489C A750G A15908G T15924C C15927T

C15928T G15946A G16004C* A16017G A16069G G16071A A16075G C16084T A16086G A16087G*

A16093G G16095A G16114A G16124A* A16126G A16128G* C16129T G16131A* C16145T G16148A
C16149T G16150A T16162C T16163C A16172G G16174A G16176A A16177G A16179G G16184A
G16186A C16187T A16189G G16192A G16193A G16197A G16201A T16203C A16209G A16217G
A16223G G16233A G16236A G16242A A16243G G16245A A16248G A16249G G16256A G16257A
G16259A G16261A G16262A T16265C C16266T G16270A A16271G A16272G C16274T G16278A
A16286G G16287A A16289G G16290A G16291A G16292A T16293G G16294A G16295A G16296A
A16299G A16304G T16309C A16311G G16315A* T16316C T16318A C16319T A16323G A16325G
A16334G C16339T A16342G T16343C A16344G* A16352G G16354T G16355A A16356G A16359G
G16360A A16362G G16364A C16390T C16391T C16398T T16399C A16468G G16478C G16481A*

G16488A T16497C T16519C C16526T G16527A

*; Shows unreported variations in D-loop region and adjacent sequences.
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Table 4: List of unreported variants in patient and control groups

A15499G G16004C A16087G G16124A A16128G G16131A A16179G G16233A A16286G G16315A

A16344G G16481A        

Table 5: The variations statistical analysis and associations between them whit brain tumour risk

Odds ratio Chi-square testsP valueControl (%)Patients (%) Variant

0.946.186a0.01306.25T15936C

0.946.186a0.01306.25C15884G

10.000a16.386.25G15928A

2.0483.854a0.04913.8725C16069T

2.2267.490a0.00630.8350T16126C

1.571.339a0.24712.9918.75G16145A

1.5320.421a0.5163.966.25C16148T

1.5320.421a0.5164.186.25T16172C

3.5865.207a0.0223.5212.5C16186T

0.4574.190a0.04122.912.5T16189C

6.3193.701a0.0451.326.25C16193T

0.31810.351a0.00131.7112.5C16223T

0.946.186a0.0130.226.25T16224C

0.946.186a0.0130.886.25C16234T

1.5320.421a0.5164.46.25C16256T

1.8982.510a0.11310.5718.75C16261T

2.0641.047a0.3062.66.25C16270T

4.8316.793a0.0092.8612.5G16274A

2.0641.047a0.3062.646.25C16292T

0.3624.310a0.03814.756.25T16311C

1.2130.96a0.7564.626.25A16318C

6.3193.701a0.0450.666.25C16327T

7.3228.721a0.0032.212.5C16355T

6.6827.680a0.0069.2518.75T16362C

2.3724.153a0.04206.25G16384A

0.946.186a0.0130.226.25G16392A

0.946.186a0.01306.25G16394A

0.946.186a0.01306.25G16477A

0.7471.017a0.31362.5556.25T16519C

1.0470.023a0.8730.832A152G

0.52.94a0.0821.412T195C

1.370.47a0.489.312T204C

1.811.45a0.22712G207A

000100100A263G

1.340.741a0.3819.124T489C

0.393.979a0.04693.384A750G

a; 0 blocks (0.0%) have considered rate less than 5. The minimum envisaged rate is 31.50.
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Discussion
Studies have shown that the accumulation of 

mitochondrial DNA variations and mitochondrial 
instability contributes to several diseases, including 
cancer. The mitochondrial D-loop area has pivotal 
functions in transcription, replication, and mtDNA 
organization. Presence of two critical factors makes 
mitochondrial genome prone to different mutations: 
ROS and low-level of DNA repair system in 
mitochondria (18). However, the D-loop region is 
even more susceptible to the mutations than the rest of 
the human mitochondrial genome (12).  

It has been demonstrated that the expansion of poly-C 
repeats in highly variable regions (HVR), adjacent to 
the D-loop and tRNA phenylalanine, increases the 
copy number; homoplasmy and loss of mitochondrial 
heteroplasmy act like cancer suppressor genes and will 
cause brain cancer and other cancers in humans (19). 

Recent studies demonstrate that mitochondrial D-loop 
mutations play an important role in Huntington’s 
disease (20), as well as various cancers, including brain 
tumors. Consequently, in this survey was hypothesised 
that particular mutations in the D-loop region might be 
related with brain tumor risk. 

Twenty-five tissue samples of brain tumors were 
assessed. As it is not possible to use brain tissues of 
healthy individuals, we used 454 blood samples as the 
control. A significant difference between the cancer 
tissue and the healthy tissue was observed. Also, we 
studied the mutations reported in MITOMAP in more 
detail. 

It has been proven that D-loop variants are associated 
with different disease: T195C variant with glaucoma 
(21) and G15884C variant with pancreatic cancer (22) 
and G15928A with MS, recurrent idiopathic abortion 
and AD (23)  and C16069T with bladder cancer (24) and 
T16126C with Huntington’s disease (20) and C16172T 
with head and neck cancer (25) and T16189C with 
prostate cancer (26) and C16193T with ovarian cancer 
(27) and C16223T with cancer, and Huntington’s 
(20) and G16274A linked to prostate cancer (28) 
and C16292T related with breast and ovarian cancer 
(27) and T16311C with prostate cancer (28) and 
T16519C with glioblastoma, migraines (29). Although 
T204C (30), G207A (28), A263G (31), T489C (25), 
A750G (21), G16145A (16), C16148T (32), C16186T 
(33), T16224C, C16234T, C16256T (34), C16270T, 
C16261T (35, 36), C16327T (37), C16355T (38), 
T16362C (39), G16384A (16), G16392A, G16394A, 
G16477A (40), were associated with various cancers 
and were reported in MITOMAP but they were not 
associated with the disease.

In this experimental study, A750G, T15936C, 
C15884G, C16069T, T16126C, C16186T, T16189C, 
C16193T, C16223T, T16224C, C16234T, G16274A, 
T16311C, C16327T, C16355T, T16362C, G16384A, 

G16392A, G16394A, G16477A variants had statistically 
significant different frequencies between patient and 
control groups. Thus, it seems that they are associated 
with brain tumors. Among the mentioned polymorphisms, 
C16069T, T16126C, C16186T, G16274A, C16355T, 
and T16362C had a greater odd ratio (OR) than the 
rest. C16355T polymorphism had the most significant 
association with the disease in risk. 

It should be noted that A152G, T204C, G207A, 
A263G, T489C, A750G, G15928A, G16145A, 
C16148T, T16172C, C16256T, C16261T, C16270T, 
C16292T, A16318C, and T16519C polymorphisms 
were not associated with the disease risk. Although, 
they have significant roles in other disease pathogenesis 
as they have been reported on MITOMAP. 

In Lorr ethnicity, T15936C, C15884G, G15928A, 
T16126C, C16148T, T16172C, C16186T, C16186T, 
C16193T, C16223T, T16224C, C16234T, C16256T, 
C16292T, T16311C, T16362C, G16384A, G16392A, 
G16394A, and G16477A polymorphisms were 
associated with brain tumors. T16126C and T16362C 
polymorphisms had a higher odds ratio than the rest 
which indicates they are more associated with this 
disease.

C16069T, G16145A, T16189C, C16261T, C16270T, 
A16318C, C16327T, and T16519C polymorphisms 
were not associated with the disease in Lorr ethnicity. 
However, the mentioned polymorphisms are associated 
with other disease pathogenesis as they reported on 
MITOMAP. 

In Fars ethnicity, T15936C, C15884G , C16069T, 
T16126C, C16193T, T16224C, C16234T, C16261T, 
C16292T, C16327T, C16355T, G16384A, 
G16392A,G16394A, and G16477A variants were 
associated with the disease, C16069T, T16126C, 
C16186T, G16274A, C16355T, and T16362C 
polymorphisms had greater odds ratio than the rest, and 
G15928A, G16145A, C16148T, T16172C, C16186T, 
T16189C, C16223T, C16256T, C16270T, G16274A, 
T16311C, A16318C, T16362C, and T16519C variants 
were not associated with the disease.

Conclusion
Base on the odds ratio result, C16069T, T16126C, 

C16186T, G16274A, C16355T, and T16362C alterations 
were significantly associated with brain tumor. Among 
these variants, C16355T with odds ratio 7.322 was the 
strongest one.
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Abstract
Fermented garlic, often called black garlic, is a traditional food ingredient used in Asian cuisine and possesses 
various health benefits including anti-obesity activity. The anti-obesity effects of fermented garlic might, in part, might 
be mediated through direct actions of its components on adipocytes. To test this hypothesis, we examined whether 
fermented garlic extract might stimulate the metabolic activity of human adipose-derived stem cells (ADSCs) in culture. 
Cell viability measured by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium (MTT) assay exhibited a complex dose-
response relationship. The lowest concentration (0.4 mg/ml) reduced cell viability (P<0.05 compared to no extract, 
Bonferroni’s multiple comparison), whereas higher concentrations (0.8 and 1.0 mg/ml) resulted in higher cell viability 
(P<0.05 as compared to 0.4 mg/ml). However, the extract at concentrations >2 mg/ml markedly decreased cell 
viability. Higher cell viability observed following treatment with 0.8~1.0 mg/ml might be associated with raised oxygen 
consumption. Fluorescent dye-based measurement revealed that the garlic extract at 1.0 mg/ml significantly increased 
oxygen consumption. We also detected a significant increase in mRNA expression levels of uncoupling protein-1 (UCP-
1). These findings suggest that fermented garlic stimulates the basal metabolic activity of human ADSCs.     

Keywords: Adipose-Derived Stem Cells, Garlic, Mitochondrial Uncoupling Protein, Oxygen Consumption, 
Thermogenesism 
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Black garlic is produced by fermentation under 
high temperature and humidity. As it possesses 
unique texture and flavor and lacks offensive smells, 
it has become a popular ingredient not only in Asian 
cuisines, but for other cooking styles of the world. 
In addition, black garlic has been shown to produce 
various health benefits, some of which may not be 
seen with fresh product (1, 2). For example, dietary 
consumption of black garlic decreased body weight 
and fat accumulation in a rodent model of obesity (3, 
4). Similarly, methanol extract of black garlic reduced 
fat masses and altered expression of various genes 
involved in lipid metabolism (5). Notably, the above-
mentioned changes were observed in the absence of 
any decline in total food consumption. Therefore, 
components of black garlic may stimulate basal 
metabolic activity in vivo.  

Nonshivering thermogenesis accounts at least in 
part for alterations in the basal metabolic rate under 
physiological conditions. Brown adipose tissues are 
primarily responsible for nonshivering thermogenesis 
in rodents and human infants. Studies conducted 
during the last ten years have established that adult 

humans also possess active brown adipose tissues (6-
8). Furthermore, cells present in white adipose tissues 
of adult humans become thermogenic under certain 
conditions (9-11). Considering the alarming increase 
in the prevalence of obesity and its associated diseases, 
browning of white fats has gained much attention as a 
possible therapeutic approach against these detrimental 
conditions.  

Known in vivo health benefits of black garlic 
consumption are likely to influence various organs and 
complex physiological mechanisms. It is also possible 
that black garlic possibly exerts direct beneficial 
actions on adipocytes. To test this hypothesis, we 
used human adipose-derived stem cells (ADSCs) 
and fermented garlic, a type of black garlic that is 
prepared under sterile and controlled conditions (12). 
In this study, we found that fermented garlic extract 
stimulates the basal metabolic activity and browning 
of human ADSCs. 

Ordinary black garlic used for culinary purposes 
is prepared by fermenting unpeeled garlic using 
supplemented or naturally-occurring microorganisms. 
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The preparing procedure significantly differs from one 
region to another and various microorganisms present 
in the producing environment may potentially affect the 
final product. Thus, we used fermented garlic prepared 
under conditions with minimized contamination 
caused by environmental microorganisms from HtO 
Life Co., Ltd. (Wanju-gun, Republic of Korea). This 
product was prepared by fermentation of peeled and 
crushed garlic cloves. Briefly, peeled garlic cloves 
were sterilized using ozonized water and crushed into 
a paste-like preparation. The garlic paste was then 
fermented using the strain, Bacillus subtilis subsp. 
subtilis KACC91554P, under aerobic conditions. 
Water-soluble extract was collected by ultrafiltration, 
and hot air-dried using a spray dryer (Eyela SD-
1000, Eyela, Japan). The prepared fermented garlic 
was tested for various components at Namhae Garlic 
Research Institute (Namhae, Republic of Korea) to 
ensure the consistency of the preparations (12).

The dried fermented garlic extract was re-dissolved 
in water at a final concentration of 100 mg/ml by 
rigorous vortexing and sonication. Undissolved 
materials were eliminated by centrifugation, followed 
by filtration through a cellulose acetate membrane 
(pore size 0.2-mm). The concentrations of fermented 
garlic mentioned in this paper indicate those measured 
based on the initial dried powder without considering 
the undissolved and eliminated materials.    

Human adipose-derived stem cells (ADSCs) were 
purchased from Cellular Engineering Technologies 
(Coralville, IA, USA). Cells were cultured in 
Dulbecco’s Modified Eagle Medium supplemented 
with 10% fetal bovine serum (Gibco, New Zealand), 
50 U/ml penicillin and 50 μg/ml streptomycin (Nacalai 
Tesque, Japan) under 5% CO2 atmosphere at 37˚C.  

Human ADSCs were seeded in a 96-well dish at ~5000 
cells/well. Two days after seeding, cells were treated 
with fermented garlic extract or water for additional 

2 days. Cell viability was then determined using 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) according to the manufacture’s 
protocol (Thermo Fisher Scientific, Walthum, MA, 
USA).

Total cellular oxygen consumption was determined 
by measuring extracellular molecular oxygen using a 
phosphorescent oxygen-sensitive dye (Abcam, UK). 
Human ADSCs were treated with 1.0 mg/ml fermented 
garlic extract or water (1/100 volume) for 2 days. Cells 
were then subjected to oxygen consumption assays 
according to the manufacturer’s protocol. Fluorescence 
was monitored every 1.5 minutes over 90 minutes at 
37˚C by a plate reader (Tecan, Switzerland). A linear 
portion of blank-collected fluorescent intensity in each 
sample was used to estimate the oxygen consumption 
rate. Antimycin A, an inhibitor of the electron 
transport chain, almost completely eliminated the 
time-dependent increase in fluorescent intensity.

Total RNAs were isolated from cultured human 
ADSCs using a phenol-based reagent (Sepasol, Nacalai 
Tesque, Japan) and their concentrations were estimated 
using absorbance at 260 nm=40 ng/ml. First-strand 
cDNAs were synthesized using 0.1 mg total RNA with 
a mixture of oligo(dT) and random primers (ReverTra 
Ace Master Mix, Japan). PCR was carried out using 
synthesized cDNA sample (0.1 to 1.0 ml) using primers 
(Table 1) under the following conditions: denaturation 
at 95˚C for 5 seconds, annealing at 58˚C for 5 seconds, 
and extension at 72˚C for 1 minute for 24~30 cycles. 
Sample volume and cycle numbers were varied for 
different primer sets and samples. PCR products were 
separated by a 1.2% agarose gel and stained with 
ethidium bromide. We semi-quantitatively estimated 
relative mRNA levels by measuring ethidium bromide-
stained band intensities using a CCD camera-based 
imaging system (UVP, Upland, CA).

Table 1: Primers used in this study

Name Primer sequence (5ˊ-3ˊ) Position Length GenBank accession

UCP-1 F: AGGAGTGGCAGTATTCATTGG 448-686 239 NM_021833

R: TCACAAAGGCCTCCTTCATTAG

PPARGC1A F: CAGCTCCAAGACCAGGAAAT 1474-1696 223 NM_013261

R: CCCAAGGGTAGCTCAGTTTATC

PPARG F: GCTGGCCTCCTTGATGAATAA 1234-1438 205 NM_138712

R: GCGGTCTCCACTGAGAATAATG

GAPDH F: GTCAACGGATTTGGTCGTATTG 124-262 139 NM_002046

R: CATGGGTGGAATCATATTGGAA
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Fermented garlic contains various chemicals that 
may influence cellular metabolism in distinct ways. 
We first used MTT assay which is based on cellular 
metabolic activity in terms of reducing MTT. The MTT 
assay results should represent total cellular metabolic 
activity or cell viability in the sample. These assays 
are widely used to measure cell proliferation and/or 
chemical’s toxicity. We treated human ADSCs with 
fermented garlic extract at various concentrations 
for 2 days and determined cell viability (Fig.1A). 
The cell viability showed a complex dose-response 
relationship. At concentrations as low as 0.4 mg/ml, 
the extract reduced cell viability. However, the extract 
at slightly higher concentrations, 0.8 and 1.0 mg/ml, 
caused a regain in the viability. Further increasing 
the concentration to >2 mg/ml resulted in marked 
reductions in the viability. Since black garlic extract 
might influence cell growth or induce cell toxicity, 
we also determined live cell numbers and percentages 
using trypan blue exclusion following treatment 
with several concentrations of the extract (Fig.1B). 
No significant changes in the live cell number or 
percentages were detected at the extract concentrations 
up to 1.0 mg/ml (live cell percentages are shown in 
Figure 1B, data not shown for live cell numbers). At 
the highest concentration (4.0 mg/ml) in the current 
study, the live cell number and percentage slightly 
decreased (less than 10% of total cells). Thus, the 
observed rise in cell viability at concentrations around 
1.0 mg/ml may be due to the presence of a component 
in fermented garlic extract that enhances metabolic 
activity of human ADSCs.

We wished to further corroborate the possibility 
that fermented garlic extract stimulates the metabolic 
activity of ADSCs. Since MTT assays may be 
associated with off-target effects, we measured cellular 
oxygen consumption using a molecular oxygen-
sensitive dye (Fig.2). Cellular oxygen consumption 
was significantly higher in cells treated with 1.0 mg/
ml of the extract for 2 days than vehicle (water)-treated 
cells. Given that the treatment with fermented garlic 
extract at this concentration did not influence live cell 
number or percentage, these results further support 
the possibility that the extract enhances the metabolic 
activity of ADSCs.

Then we examined whether the observed increase in 
oxygen consumption is associated with the browning 
of human ADSCs. We measured mitochondrial 
uncoupling protein-1 (UCP-1) mRNA levels; UCP-1 
is a key protein in proton leak from the mitochondrial 
inner membrane and physiological heat generation 
(Fig.3A, B). Low levels of UCP-1 mRNA were 
detected in most samples that were not treated with 
fermented garlic extract. Importantly, UCP-1 mRNA 
level markedly increased following treatment with 

1.0 or 2.0 mg/ml of the extract for 2 days.  Thus, the 
UCP-1-based proton leak may in part mediate the 
fermented garlic extract-induced increase in metabolic 
activity of human ADSCs. We also tested whether 
fermented garlic might increase mRNA levels for 
peroxisome proliferator-activated receptor-γ (PPARG) 
and its coactivator-1α (PPARGC1A), master regulators 
of the UCP-1 gene transcription and mitochondrial 
biogenesis (Fig.3C). Treatment with fermented 1.0 
mg/ml garlic extract for 2 days raised PPARG and 
PPARGC1A mRNA expression. These findings suggest 
that fermented garlic induces the browning of human 
ADSCs. 

Fig.1: Fermented garlic extract produces a complex dose-response change 
in human adipose-derived stem cells (ADSC) viability. Human ADSCs were 
cultured in the presence of black garlic extract at indicated concentrations 
for 2 days. A. Cell viability was determined using MTT assays (n>18 from 
at least three independent cell preparations). *; P<0.05, **; P<0.01 show 
significant differences as compared to no extract (0 mg/ml), whereas‡; 
P<0.05 shows significant differences as compared to 0.4 mg/ml (one-
way ANOVA, followed by Bonferroni’s multiple comparison was used for 
data analysis) and B. Live cell percentages were determined using trypan 
blue exclusion. **; P<0.01 show significant differences as compared to no 
extract (0 mg/ml) (n>6 from two independent cell preparations).

A

B
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Fig.2: Fermented garlic extract increases cellular oxygen consumption of 
human adipose-derived stem cells (ADSCs). Human ADSCs were treated 
with 1.0 mg/ml fermented garlic extract (garlic) or vehicle (1/100 volume 
of water, none) for 2 days. Oxygen consumption was determined by 
measuring changes in molecular oxygen in the culture medium with a 
phosphorescent dye (n=8 from three independent cell preparations). **; 
P<0.01 shows significant differences as compared to none (t test was used 
for data analysis).

Fermented or black garlic has been shown to produce 
various health benefits. In particular, intake of black 
garlic reduces body weight and fat masses, and 
normalizes physiological and biochemical parameters 
in animal models of obesity (3-5). However, it remains 
unknown whether component(s) in these fermented 
garlic products act directly on adipocytes to produce 
any beneficial changes. In this paper, we showed that 
fermented garlic extract increases oxygen consumption 
and UCP-1 mRNA level in cultured human ADSCs.  
In addition, the extract increased mRNA levels of 
PPARγ and PGC-1α that play pivotal roles in UCP-1 
expression and mitochondrial biogenesis in adipocytes 
(13). Thus, component(s) present in fermented garlic 
may directly activate thermogenesis of these adult 
body-residential cells.

It has become evident that cells located in white 
adipose tissues of adult rodents (14-17) and humans 
(9-11) become thermogenic under certain conditions. 
Moreover, prolonged cold exposure or treatment with 
b3 agonists converts white fats to brown fat-like heat-
generating tissues in intact animals (18, 19). These 
brown adipocyte-like cells possess gene expression 
profiles that are distinct from those of standard brown 
adipocytes and are called “brite” or “beige” adipocytes 
(20, 21). The overweight population has tripled in the 
last 40 years in the world; also, obesity has appeared 
as a major risk factor for various diseases.  Therefore, 
inducing browning of white adipose tissue-residential 
cells is considered to hold a promising therapeutic 
potential against this major health problem. Our finding 
which showed that fermented garlic, a simple food 
ingredient, can stimulate this process, may provide 
basis for economical interventions for the prevention 

of obesity. Additionally, fermented or black garlic 
is known to enhance food flavor, and may be easily 
introduced to diverse cooking styles. 

Fig.3: Fermented garlic extract increases expression of UCP1 and brown 
adipocyte marker mRNAs. Human adipose-derived stem cells (ADSCs) 
were treated with fermented garlic extract at indicated concentrations 
for 2 days. Reverse transcription-polymerase chain reaction (RT-PCR) 
was performed with primers for UCP1, PPARGC1A, PPARG or GAPDH. A. 
Representative PCR results for UCP-1 mRNA expression, B. UCP-1 mRNA 
levels were semi-quantitatively estimated using GAPDH mRNA level as 
an internal control (n=3 from three independent cell preparations). **; 
P<0.01 shows significant differences as compared to 0 mg/ml (one sample 
test), and C. Human ADSCs were treated with 0.1 mg/ml fermented garlic 
extract (F. Garlic) or water (vehicle) for 2 days. Representative PCR data 
show increased expression of PPARGC1A and PPARG mRNAs, as well as 
UCP1 transcript.

A

B

C
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Fermented or black garlic contains various chemical 
components. Unlike fresh garlic, the sulfur-containing 
alliin and its converted substances with offensive flavors 
are much less abundant in fermented products (1, 2, 
22). In contrast, the main sulfur-containing product 
appears to be S-allylcysteine in aged or fermented 
garlic products. In addition, polyphenols, flavonoids, 
and several compounds generated by the Amadori 
and Heyns rearrangements are found at much higher 
levels in these garlic products (1, 2, 23, 24). Some of 
these compounds were shown to possess biological 
activities. For example, S-allylcysteine possesses 
antioxidant and anti-inflammatory activities (25). 
Likewise, polyphenols in aged or fermented garlic 
are proposed to contribute to antioxidant properties of 
these products (26). In this study, we used total water 
extract of fermented garlic. This preparation yielded a 
complex dose-response change in MTT assays, likely 
due to the presence of various components and their 
potential interactions. Thus, it would be certainly 
important to identify component(s) present in this 
preparation that mediate(s) the observed stimulation 
of oxygen consumption and UCP-1 mRNA expression. 
Taken together, further identification of the chemical 
component(s) responsible for the observed effects, 
as well as molecular mechanistic studies, may yield 
novel and useful information on the use of fermented 
garlic for prevention and treatment of obesity and its 
associated diseases.  
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