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Guide for Authors

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.

|. 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. 2™ 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/?1id=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.

The Editor-in-Chief: Ahmad Hosseini, Ph.D.
Cell Journal (Yakhteh),
P.O. Box: 16635-148, Iran
Tel/Fax: + 98-21-22510895
Emails: Celljournal@royaninstitute.org

info@celljournal.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).
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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 2-DE-MS/MS ®)
maintaining the undifferentiated state of hRESCs ~ 2-DE-MS/MS (12)
and iPSCs
2 Molecular mechanisms which play a role in 2-DE-MS/MS (13)
differentiation of mouse, monkey, and human 2-DE-MS/MS (14)
ESC lines into embryoid bodies iTRAQ-MS/MS (15)
2-DE-MS/MS (16)
3 Molecular mechanisms which play role in neural 2D-DIGE-MS/MS a7
differentiation of ESC
4 Molecular mechanisms of EAE recovery after 2-DE-MS/MS (19)
transplantation of ESC-derived neural precursors
5 Identification of cytosolic and membrane Blue native PAGE-MS/MS (20)
associated protein complexes of hESC
6 Reduction of focal adhesion enables the Label-free mass spectrometry 21
maintenance of undifferentiated and pluripotent (22)
states of mESCs
7 Identification of hundreds of organelle specific Label-free mass spectrometry (23)
proteins and functional assignment of three
novel membrane proteins to pluripotency
8 Deep subcellular proteomics resulted in Label-free mass spectrometry 24)
identification of 15, 3, 13 gold missing proteins
in membrane, cytoplasm, and nucleus of hESCs
9 Identification of ALCAM as a specific surface Label-free mass spectrometry (25)
marker to enrich ISL1* cardiac progenitor cells
10 Identification of two novel cell surface markers  Label-free mass spectrometry (26)
in order to purify Embryonic
Dopamine progenitor cells
11 TheY Identification of two MPs (XKRY and Western blot/Immmunohistochemistry 27)
Chromosome CYORF15A) and introduction of promising
Human Proteome  molecular markers to predict retrievable sperm
Project (Y-HPP) presence in MA patients
12 Identification of two novel splice variants of Label-free mass spectrometry (28)
KDMS5D and their possible role in prostate
cancer cells’ growth
13 Identification of DDX3Y role in neural Label-free mass spectrometry (29)
differentiation of NTERA-2
14 Identification of a missing protein, TBL1Y, and =~ Western blot/Immmunofluorescent (30)
its role in cardiac differentiation of hESCs
15 Infertility Identification of proteins which are differentially 2-DE-MS/MS 31
expressed in spermatozoa of men with or
without varicocele
16 Identification of proteins which are differentially 2-DE-MS/MS (32)
expressed in spermatozoa of patients with grade
3 varicocele before and after varicocelectomy
17 Identification of 14 differentially expressed 2-DE-MS/MS (33)
proteins in sperm tails of asthenozoospermia
patients compared to normozoospermia men
18 Identification of anti-sperm antibody targets in 2-DE-MS/MS (34)
azoosprmic men
19 Identification of novel candidate proteins which  Label-free mass spectrometry (35)

play role in regulation of spermatogenesis
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Table 1: Continued

Field Finding Proteomic Tool Reference
20 Reconstruction of SpermNet Whole-proteome data and the nCADRE (36)
algorithm
21 Identification of some proteins in endometrial 2-DE-MS/MS 37)
tissue of PCOS patients which play important
roles in fecundity and fecundability
22 Infectious disease  Identification of proteins which play important ~ 2-DE-MS/MS (1, 38-40)
roles in rabies virus pathogenesis
23 Proteomics of Leishmaniasis 2-DE-MS/MS (41,42)
24 Biomarker Introduction of a panel of urinary prognostic Label-free mass spectrometry (43)
discovery biomarkers for classification of IgA nephropathy
25 Identification of a panel of biomarkers to predict Label-free mass spectrometry (44)
the responsiveness to steroid therapy in focal
segmental glomerulosclerosis
26 Identification of a panel of biomarkers 2-DE-MS/MS (45)
for early diagnosis as well as sensitivity
to dexamethasone therapy in B cell acute
lymphoblastic leukemia
27 Introduction of Ig Kappa Chain C region 2-DE-MS/MS (46)

(IGKC) as a potential biomarker for fluoxetine

responsiveness and patient follow up

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
Initiative on hESC membrane proteome

Organization

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
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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
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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 LMXI1A*
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 CYORFI15A). 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 KDMS5D 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
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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



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
PSMEL 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
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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 IL4ral, 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 ®Co gamma rays and
then sacrificed after 67 days. The expressions of IL4ral, 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 IL4ral, 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-IL4ral-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
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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)



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-, IL-1,IL-4,IL-13, TNF-q, etc., have
a central role in the development of fibrosis and inflammation
(9, 10). The inhibition of some cytokines such as TGF- and
TNF-a has been most widely studied for the amelioration
of fibrosis and inflammation (11). In addition to TGF-f, 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
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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 %Co 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 (5°-3")
IL-4r1 F: GAGTGAGTGGAGTCCCAGCATC
R: GCTGAAGTAACAGGTCAGGC
IL- 13ra2 F: TCGTGTTAGCGGATGGGGAT
R: GCCTGGAAGCCTGGATCTCTA
Duox1 F: AAGAAAGGAAGCATCAACACCC
R: ACCAGGGCAGTCAGGAAGAT
Duox2 F: AGTCTCATTCCTCACCCGGA
R: GTAACACACACGATGTGGC
Pgml 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).

A

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.
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Real-time polymerase chain reaction

Irradiation of lung tissues was associated with a significant
elevationin IL4ral 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 IL4ral 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 Duoxl 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 Duoxl 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).

A

Fig.2: The expression of /L4ral, Duox1 and Duox2 following irradiation or
melatonin treatment before irradiation in lung tissues of rats. A. IL4ral, 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 and lymphocytes but not neutrophils. Irradiation led
. ) . ) o to severe alveolar thickening, as well as mild vascular
Histopathological evaluation showed mild fibrosis in thickening. Results for edema and thrombosis did not
the radiation group. Howev'er_, this reversed _complej[ely show any significant change. Treatment with melatonin
when melatonin was administered before irradiation.  could significantly reverse all these changes (Figs.3-5,
Also, results showed severe infiltration of macrophages  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 +0.57¢ 0.80 +0.83°
Lymphocyte infiltration 1.00 £+ 0.80 0.50 £ 0.57 3.00 £ 00? 0.60 + 0.54°

Mast cell infiltration 0.00 + 00 1.00 + 50 4.00 + 00? 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 £+ 1.00? 0.20 £ 0.44°

Vascular thickness 0.00 + 00 0.00 + 00 1.00 + 00° 0.00 + 00°

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, ?; Significant compared to control group, and °; 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 x100).
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A B

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 x100).

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 x100).
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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 IL4ral, Duox1,
and Duox2 genes. ELISA results showed that the level of
IL-4 was increased significantly.

In contrast to 1L-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, Duoxl can be upregulated through
IL-4 (23). There is a possibility that IL-4 upregulates
both Duoxl and Duox2 gene expressions through the
stimulation of IL4ral, while IL-13 is not involved in this
pathway. There is also a possibility of the involvement of
other cytokines such as IFN-y (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-f,
matrix metalloproteinase-2 (MMP-2), and MMP-3.
However, this study differed from ours in the sense that
they used wild-type c5S7BL/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-B 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

Aliasgharzadeh et al.

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
IL4ral 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 IL4ral 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 1L-4,
IL4ral, Duoxl, 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 a (Era), B (ErB) 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 Era and Erf3
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 ERa and ER (5), both of which regulate variety
of genes expression, leading to cellular proliferation
and differentiation in both male and female gonads (6).

In rodents, Era is expressed exclusively in theca cells,
whereas Erf is expressed especially in granulosa cells
(GCs) (7). Several evidences, including failed follicular
maturation, anovulation and hemorrhagic cysts formation
are reported for Era knockout (¢(ERKO) mice ovaries (8,
9). The Erf-related phenotypes are partially different from
those related to Era. Actually, Erfi knockout (BERKO)
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 BERKO 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). a-granules of
platelets are comprised of numerous proteins, including
platelet-derived growth factor (PDGF), transforming
growth factor (TGF)-p, 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
Era and Erf (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
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(Mybiosource, USA), estrogen (Bio Vender, Czech
Republic), progesterone (Crystal Chem, USA), LH
(Mybiosource, USA), FSH (Bio Vender, Japan). Primary
antibodies were provided for Era, Erf and c-Myc (Rabbit-
Antimouse Era, Erf 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 (21-23°C) 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



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
+ 3.24x10%ul) using the Neubauer chamber, through
Olympus optical microscope (CH-2, Japan), at x40
magnification objective lens.

Auto-location of platelet-rich plasma

Following PCOS induction, PRPs were collected and
activated as previously described and subsequently
1.00x10%ul PRPs were auto-located from each animal
into the mesovarian enclosed to ovaries (Fig.1C).

Histological analyses

Atthe 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 CO, 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
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RNA damage (23). In brief, ether alcohol was used to wash
the ovaries and thereafter, 10 pm 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 Era (1:500), Erf (1:600) and c-Myc (1:500)
biotinylated primary antibodies in 4°C, 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.
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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 pl reaction mixture
containing 1 pg total RNA, oligo (dT) primer (1 pl),
S5xreaction buffer (4 pl), RNase inhibitor (1 pl), 10 mM
dNTP mix (2 pl), M-MuLV Reverse Transcriptase (1 pl)
according to the manufacturer’s protocol (Fermentas,
Germany). Cycling protocol for 20 pl 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
pl containing PCR master mix (13 pl), FWD and REV
specific primers (each 1 pl), and cDNA as a template (1.5
ul) and nuclease free water (10.5 pl). 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 Era, 58°C for Erf and finally 60°C for -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% KCI. 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)
Era F: CCGGTCTATGGCCAGTCGAGCATC 62 380
R: GTAGAAGGCGGGAGGGCCGGTGTC
Erp F: AGCGACCCATTGCCAATCA 58 290
R: CTGGCACAACTGCTCCCACTAA
c-Myc F: AACTTACAATCTGCGAGCCA 50 420
R: AGCAGCTCGAATTTCTTCCAGATAT
B-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 mMRNA 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

A B
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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 209x10 um 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. ¢; 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. ¢; P=0.01, b vs. c; P=0.001, b vs. d; P=0.01 (scale bar: 300 um).
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Platelet-rich plasma enhanced Era and Erf expression

The animals of PCOS-sole groups exhibited
diminished mRNA levels of Era and Erfg compared to
the control group. However, semi-quantitative RT-PCR
analyses exhibited significant (P<0.05) enhancement
in mRNA levels of Era and Erf in the PRP auto-located
groups compared to the PCOS-sole groups. More ITHC
analyses showed similar results, representing the
elevated number of Era and Erf-positive cells per 1
mm? 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 Era and Erp. A. See decreased Era-positive reactions in the PCOS-sole group, while it is increased in the PRP-treated
groups. Note the increased Erf-positive cells in the PRP-treated group (30 days after PCOS-induction), B. Mean % SD of Era (a vs. b; P=0.01, a vs. ¢; P=0.03, b
vs. ¢; P=0.03), C. ErB-positive cells per 1 mm? of tissue in different groups (n=6) (a vs. b, c; P=0.001), D. Electrophoresis photomicrographs of Era and Er8 mRNA
in different groups, and E. Density of Era and ErB mRNA levels in ovarian tissue, measured by densitometry and normalized to B-Actin mRNA expression level
(a vs. b; P=0.02, a vs. c; P=0.03). Arrows are representing positive reaction for Era and Erp antibodies. All data are represented in mean + SD (n=6). Different
letters represent significant differences (P<0.05) between groups (scale bar: 300 um). 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 mm? of tissue
in different groups (n=6) (a vs. b; P=0.01, a vs. ¢; 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 B-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 um). IHC; Immunohistochemical, RT-PCR; Reverse transcription-
polymerase chain reaction, PCOS; Polycystic ovarian syndrome, and PRP; Platelet-rich plasma.

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 £ 19.00? 66.90 +4.332 0.68 +£0.342 0.44 £0.072 1.24+0.12* 0.75+0.10?
PCOS-15D 20.33 £ 7.50° 12.90 £2.10° 2.21+0.62° 0.93 £0.08° 2.45+0.51° 1.81+£0.51°
PRP-treated 15D 48.64 +5.68° 60.45 +8.912 0.72 £0.222 0.48 £0.132 1.28 +£0.09* 1.02 +£0.26
PCOS-30D 21.37 £6.99° 10.77 + 1.45° 1.67 +£0.56° 1.14 £0.19° 2.84+0.43" 1.94+0.34°
PRP-treated 30 D  56.37 £3.21° 64.33 £ 6.412 0.64 +0.16 0.54 +0.10° 1.23+0.11* 0.88+£0.10°

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 £0.432 0.85+0.102 126.66 + 7.35% 120.00 +21.012
PCOS-15D 0.45+0.01° 2.66 = 0.34° 37.66 = 16.25° 63.10 £ 14.21°
PRP-treated 15 D 0.94 +0.05¢ 2.18 £ 0.06¢ 93.33 £7.02¢ 115.74 +21.37°
PCOS-30D 0.59 £+ 0.02¢ 3.77 £0.29¢ 34.00 + 9.64° 51.44 +4.25°
PRP-treated 30 D 1.26 +£0.06° 1.12 £ 0.150%¢ 96.34 + 8.34¢ 116.73 £ 14.372

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 Era and Erf3, 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 mm? 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
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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



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
additionto lowerlevels 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 (Era and Erf) stimulates various growth factors
secretion, such as IGF and EGF, resulting in follicular
survival (14). However, any reduction in Ero expression
results in a failed follicular maturation and/or ovulation
and hemorrhagic cysts formation. In addition, the failed
Erp 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 Era
and Erf 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
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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 Era), 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 DI
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-2™ 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/ul) compared with male embryos (24.74 + 0.27 nmol/ul, 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/ICS]) 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
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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-IVF™ 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 pl fresh G-1™ medium (Vitrolife) supplemented
with 10% recombinant human serum albumin (HSA-
solution™, Vitrolife) under oil (OVOIL™, Vitrolife) for
a 48 hours culture.

Embryo biopsy and preimplantation genetic diagnosis

Embryobiopsy 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



the blastomeres were checked for the presence of
nuclei. Each embryo was placed in a droplet of Ca®'-
and Mg*-free medium (G-PGD™, 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 um 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 ul of G-2™ 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 pl embryo culture media (10 pl 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 (Synergy™ 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 uM) 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 pl) 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
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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],= ([G],,*V)-([G]*V))h

Glucose concentration consumed per embryo (pmol/
embryo/hour): [G],

Volume of culture medium (microliters): V

Glucose concentration at incubation time zero: [G],
Glucose concentration at the end of incubation time (48
hours): [G],,,

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) 33.7+1.1 341+£09
(range) (23-38) (24-38)
FSH levels at baseline (IU/I) 7.2+1.8 7.5+£2.1
Mean anti-mullerian 1.8+1.4 1.9+1.2
hormone levels at baseline

(ng/h

Total assessed embryos in 30 30

each group

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/
pl) compared with male embryos (24.74 + 0.27 nmol/ul,
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
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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



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 pl) 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
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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, FIt3 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 hHHGFs 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 