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Aims and Scope: The "Cell Journal . " is a peer review and monthly 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 the 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 which is an open access journal. This journal holds the membership of the Committee
on Publication Ethics (COPE).

1. Types of articles
The articles in the field of Cellular and Molecular can be considered for publications in Cell J. These articles are as below:
A. Original articles

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 Ref-
erences (Up to 40).

B. Review articles

Review articles are the articles written by well experienced authors and those who have excellence in the related fields. The
corresponding author of the review article must be one of the authors of at least three published articles appearing in the refer-
ences. 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

Short communications are 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 sub-
heading), Acknowledgements, Author’s Contributions, and References (Up to 30).

E. Case reports

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
Editorials are articles should be written in relevant and new data of journals’ filed by either the editor in chief or the editorial board.
G. Imaging in biology

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

H. Letter to the editors

Letter to the editors are 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.

1. Debate

Debates are articles which show a discussion of the positive and negative view of the author concerning all aspect of the issue
relevant to scientific research.

2. Submission process

It is recommended to see the guidelines for reporting different kinds of manuscripts. This guide explains how to prepare the



manuscript for submission. Before submitting, we suggest authors to familiarize themselves with Cell J format and content by
reading the journal via the website (www.celljournal.com). 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 analysis, 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 and copyright

Each manuscript 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). Also, no manuscript
would be accepted in case it has been pre-printed or submitted to other websites. | hereby assign the copyright of the en-
closed manuscript to Cell J." Corresponding author must confirm the proof of the manuscript before online publishing. Also,
it is 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 American or British (not a mixture) English usage and grammar. It is necessary to mention that we will check the plagiarism
of your manuscript by iThenticate Software. 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 (including: title,
name of all the authors with their degree, abstract, full text, references, tables and figures) and also send tables and figures
separately in the site. The abstract and text pages should have consecutive line numbers in the left margin beginning with
the title page and continuing through the last page of the written text. Each abbreviation must be defined in the abstract and
text when they are mentioned for the first time. Avoid using abbreviation in the 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 Namipashaki 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 institutional 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 Objective, 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: Itincludes the exact methods or observations of experiments. [fan 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 the manuscript
while their location should be mentioned in the main text.

Tables and figures: If the result of your manuscript is too short, it is better to use the text instead of tables & figures. Tables
should have a short descriptive heading above them and also any footnotes. Figure’s caption 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.

Of Note: Please put the tables & figures of the result in the results section not any other section of the manuscript.

Supplementary materials would be published on the online version of the journal. This material isimportant 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 caption 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
Acknowledgements. It includes providers of supplies and services from a commercial organization. Any commercial affiliation
must be disclosed, regardless of providing the funding or not.

Of Note: If you have already any patent related to the subject of your manuscript, or you are going to apply for such a patent,
it must be mentioned in this part.



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 the first six authors followed by "et al." must be listed. You can download Endnote file
for Journal references style: endnote file

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 lifespan. 2™ 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 & mid-
dle 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: pathophysi-
ology, diagnosis, and management. 2™ed. New York: Raven Press; 1995; 465-478.

Abstract book:

Example: Amini rad O.The antioxidant effect of pomegranate juice on sperm parameters and fertility potential in mice. Cell
J.2008;10 Suppl 1:38.

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 monolayers on development of
human fragmented embryos. Presented for the Ph.D., Tehran. Tarbiyat Modarres University. 2004.

Internet references
Article:

Example: Jahanshahi A, Mirnajafi-Zadeh J, Javan M, Mohammad-Zadeh M, Rohani M. Effect of low-frequency stimulation
on adenosineA1 and A2 A 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.

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: Publishing an article in Cell J requires Article Processing Charges (APC) that will be billed to the
submitting author following the acceptance of an article for publication. For more information please see www.celljournal.org.

F. Ethics of scientific publication: Manuscripts that have been published elsewhere with the same intellectual material will
refer to duplicate publication. If authors have used their own previously published work or work that is currently under re-
view, as the basis for a submitted 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, 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 manuscript via online submission system which is available on our website. If the manuscript 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 manuscript.

D. The received manuscript will be evaluated by associate editor. Cell J uses a single-blind peer review system and if the
manuscript suits the journal criteria, we select the reviewers. If three reviewers pass their judgments on the manuscript,
it will be presented to the editorial board of Cell J. If the editorial board has a positive judgment about the manuscript,
reviewers’ comments will be presented to the corresponding author (the identification of the reviewers will not be revealed).
The executive member of journal will contact the corresponding author directly within 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’ request.

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

1. The first page of manuscript 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 on a separate page. Figures must be sent in color and also in JPEG (Jpg) format.
4. Cover Letter should be uploaded with the signature of all authors.

5. An ethical committee letter should be inserted at the end of the cover letter.

The Editor-in-Chief: Ahmad Hosseini, Ph.D.
Cell Journal . ..
P.O. Box: 16635-148, Iran
Tel/Fax: + 98-21-22510895
Emails: Celljournal@royaninstitute.org
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Abstract
Objective: The B-catenin signaling pathway promises the potential for differentiation of stem cells into definitive
endoderm (DE) cells as precursors of beta cells. Therefore, it can be considered as an inducer for cell replacement
therapies in diabetes. The main goal of this research is to successfully culture and induce differentiation of human
Wharton’s jelly mesenchymal stem cells (hWJMSCs) into Sox17-expressing cells using a Wnt/B-catenin pathway
agonist (SKL2001) plus nanoparticles on a polylactic acid/chitosan (PLA/Cs) nanocomposite scaffold.

Materials and Methods: In this experimental study, the nanocomposite was prepared through an electrospinning
method and hWJMSCs were isolated through an explant technique. The morphology and the cell viability were
evaluated by scanning electron microscopy (SEM) and 3-(4, 5- Dimethylthiazol-2)-2, 5-diphenyltetrazolium bromide
(MTT) assay. Here, we present two differentiation protocols: the first one is induction with SKL2001; and the second
one is with a combination of SKL2001 and zinc oxide nanoparticles (nZnO). Real-time quantitative reverse transcription
(QRT-PCR) and immunocytochemistry analysis are carried out to examine the expression of specific markers in the
differentiated cells.

Results: The nanocomposite had appropriate biocompatibility for cell adhesion and growth. While the hWJMSCs
cultured on the PLA/Cs scaffolds differentiated into DE cells in the presence of SKL2001, introducing nZnO to their
environment increased the differentiation process. Analyses of DE-specific markers including SOX77, FOXA2, and
gooscoid (GSC) genes in mRNA level, indicated significantly high levels of expression in the SKL2001/nZnO group,
followed by SKL2001 group compared to the control.

Conclusion: Our results show the beneficial effects of the Wnt/B-catenin pathway agonist in three-dimensional (3D)

cultures in cell replacement therapy for diabetes.
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Introduction

Treatment of chronic endoderm-derived organ failures,
such as hepatic cirrhosis and diabetes, is rather challenging
since no complete cure is known (1). Today, organ
transplantation is the major treatment for these disorders.
However, it is accompanied with many difficulties,
including shortage of donors, transplant rejections,
surgical complications, and high costs. Today, cell therapy
has been considered as an alternative approach to remove
some of these barriers (2).

Mesenchymal stem cells (MSCs) are multipotent and
differentiate into various cells and tissues, as these cells
have been found in most adult tissues (2, 3). Recently,
the application of human wharton’s jelly MSCs
(hWIMSCs) in therapy has come to attention. Because
of high potency, multipotent properties amongst adult
stem cells, fast and relatively inexpensive extraction,
and their non-tumorigenic state, hWJMSCs have been
suggested as a promising candidate for cell therapy
(4). Suitably for our studies, it has been shown that
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hWIMSCs may be induced to differentiate into a variety
of cell types including definitive endoderm (DE), beta
cells, and hepatocytes (5, 6).

The first and basic developmental step in formation
of endodermal organs is the induction of DE (7).
Notably, the pancreas, lungs, liver, and other organs of
the gastrointestinal tract are derived from DE during
embryogenesis (8, 9). Multiple signaling pathways such as
Nodal, Activin A, and Wnt3a could cause differentiation
of DE through signaling intermediates. In addition,
the Wnt/B-catenin signaling has a critical role in cell
morphology, proliferation, motility, axis determination,
differentiation, and organ development. SKL2001, as an
agonist for Wnt/B-catenin signaling, has been shown to
inhibit the phosphorylation of B-catenin (by an alternative
mechanism and independent of inhibition of GSK-
3B activity), thus increasing the levels of intracellular
B-catenin (10).

According to previous studies, zinc is considered as an
abundant trace metal and a catalyzer for various enzymes
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in the body (11, 12). Besides, zinc protects insulin
from degradation and stimulates insulin biosynthesis,
secretion, and its storage. Different zinc transporters,
such as zinc transporter-8, exist in pancreatic B-cells
and affect insulin secretion. Also, zinc improves
insulin signaling by several mechanisms, such as
increasing insulin receptor phosphorylation, inhibition
of glycogen synthase kinase-3 (GK), and increasing
PI3K activity (11). Indeed, based on recent reports, zinc
oxide nanoparticles (nZnO) reduce blood glucose and
significantly increase blood insulin in diabetic animal
models, when compared to ZnO (12).

On the other hand, not only intracellular signaling
pathways, but also cell interactions with the extracellular
matrix (ECM) are taken as critical parameters in behavior,
adhesion, morphology, migration, proliferation, and
differentiation of the cells (13). In tissue engineering,
a suitable scaffold can provide this platform. Also, the
electrospinning technology can be applied to fabricate
three-dimensional (3D) synthesized scaffolds. The
electrospun scaffolds with diameters of tens to hundreds
of nanometers are designed to mimic the ECM in cell and
tissue culture (10, 14).

Thus in this study, we used SKL2001 as a Wnt/B-
catenin pathway agonist alone or in combination with
nZnO to induce differentiation of hWJMSCs into SOX17-
expressing cells (as DE like-cells) on PLA/Cs three-
dimensional scaffolds.

Material and Methods

All animal procedures and experimental tests were
approved by the Animal Ethics Committee of Shahid
Chamran University of Ahvaz (93042515).

Preparation of scaffold by electrospinning

In this experimental study, the electrospinning
technique was employed to fabricate polylactic acid/
chitosan (PLA/Cs) scaffolds (Electronic, FNM, Iran). To
obtain 2.5 (w/v) solutions, PLA and chitosan (Cs) were
added in hexafluoroisopropanol (HFIP) and acetic acid,
respectively. These solutions were blended in the ratio of
7:3 (PLA:Cs) to make a scaffold. The solution was shaken
for 12 hours and inserted into a 10-ml plastic syringe, and
connected to a high voltage (14-18 kV) at 25°C Aluminum
foil was used to collect spray drift (at a distance of 10
centimeters). The electrospun fibrous membranes were
dried in a vacuum oven for two days and separated from
aluminum foil at the time of use (15, 16).

Cell seeding on PLA/Cs nanocomposite scaffold

The scaffold was cut into discs with a diameter of 1.6
centimeters and placed in 24-well plates. After that, the
scaffolds were sterilized by ultraviolet irradiation for 2
hours and floated in Dulbecco’s modified eagle medium
(DMEM, Gibco, USA) medium supplemented with 1 pg/
ml amphotericin B and 3% pen/strep overnight at 37°C.
Then, hWIMSCs were cultured at a density of 6x10* cell/
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scaffold and incubated at 37°C and 5% CO,,.

Scanning electron microscopy

The morphology of the prepared PLA/Cs scaffolds was
studied with scanning electron microscopy (SEM). The
average diameter of the mats was measured by analyzing
SEM images using Image J software (National Institutes
of Health, USA). The diameter distribution was measured
by examining at least 100 samples. To observe hWIMSCs
cultured on PLA/Cs nanocomposite scaffolds, the
samples were fixed with 2.5% glutaraldehyde for 2 hours.
Then they were washed in phosphate buffer saline (PBS,
Sigma, USA) and dehydrated in ethanol series (30, 50,
70, 80, 90 and 100%) at 37°C for 15 minutes per solution.
Then the scaffolds were sputter-coated with gold and
studied by a SEM (model Philips XL-30, Netherland),
operated at 15 kV.

Isolation and identification of hWJMSCs

Human WIMSCs were obtained as described
previously (17, 18). In summary, human umbilical cord
was obtained after delivery from term natural births. The
cord blood was removed immediately, then it was cut
into 1-centimeter pieces and washed. The pieces were
soaked in PBS supplemented with 3% (v/v) pen/strep
for 24 hours. The stem cells were isolated by explant
cultures as each piece was cut carefully with a scalpel,
then the vessels were removed and wharton jelly was
collected. Then the jelly was sliced into 2-millimeter
pieces, cultured in tissue culture flasks and maintained
for 14 days to allow for cell migration and expansion.
DMEM low glucose medium supplemented with 10%
fetal bovine serum (FBS, Gibco, USA) and 1% penicillin/
streptomycin was used and the medium was changed every
3 days as the cells were passaged by 0.25% trypsin. Also,
hWJMSCs were characterized by flow cytometry for cell
surface markers. Briefly, hWJMSCs were incubated with
specific antibodies including CD146 (endometrial stem
cell markers, 1:200, Santa Cruz, USA), CD90 (1:200,
Santa Cruz, USA), CD105 (1:100, Santa Cruz, USA),
CD34 (hematopoietic marker, 1:100, Santa Cruz, USA),
and CD31 (endothelial marker, 1:100, Santa Cruz, USA)
for 60 minutes at room temperature and analyzed by
flow cytometry (Becton Dickinson, USA) after washing.
Also, for differentiation of hWJMSCs into adipocytes
and osteocytes, the cells were seeded at a concentration
of 5x10* cells/well in a 24-well plate. When the cells
reached 80% confluency, the medium was replaced with
adipogenic- or osteogenic-inducing media as described
previously (17). The differentiated cells were stained
with Oil Red or Alizarin Red to detect adipocytes or
osteocytes, respectively.

Assessment of cell viability

The viability of the hWJMSCs seeded on the PLA/
CS scaffolds was assessed by the MTT (3-(4, 5-
Dimethylthiazol-2)-2, 5-diphenyltetrazolium bromide)
reduction assay. 6x 107 cells were cultured on each scaffold



and incubated for 24 hours at 37°C in an incubator with
5% Co,. Afterward, 300 pl of 0.5 mg/ml MTT solution
was added to each well, and the plates were incubated
for 3-4 hours at 37°C then the medium was removed, and
DMSO was added to dissolve the formazan crystals. The
samples were shaken by a mechanical shaker, next the
absorbance was read at the wavelength of 490 nanometers
in a microplate reader (Fax 2100, USA).

Acridine orange staining

For acridine orange/ethidium bromide double staining
(Sigma, USA), 1 mg/ml ethidium bromide dye and 1 mg/
ml acridine orange dye were prepared and mixed at a 1:1
ratio. After that, the cells were seeded on scaffolds (after
48 hours), were stained for 3 minutes and then examined
under a fluorescent microscope (Olympus, Japan).

Human WJMSCs culture and differentiation into
definitive endoderm cells

The cultured cells on PLA/Cs scaffolds were induced to
differentiate using two different protocols. The first: the
hWJMSCs were cultured on PLA/Cs scaffold and treated
with 20 pM SKL2001 (Sigma, USA) and 0.2% FBS for
6 days. The second: the cells were cultured on PLA/Cs
scaffold and treated with 20 pM SKL.2001 in combination
with 50 pg/ml nZnO (Loletics Germany, >70 nm avg.) for
6 days. As a control, hWWJMSCs were cultured on the PLA/
Cs scaffolds in the absence of differentiation factors for 6
days. DMEM medium was used during the differentiation
phase. This medium was supplemented with FBS at 0.2%
and 10% concentrations in the experimental and control
groups, respectively. The medium in cell culture plates
was replaced with fresh medium every two days.

RNA extraction and reverse transcriptase-polymerase
chain reaction

The mRNA expression was examined by quantitative
reverse transcriptase-polymerase chain reaction (QRT-PCR).
On day 6 days of the culture, the cells were lysed by QIAzol
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lysis reagent (Qiagen, Hilden, Germany) and the total RNA
was extracted according to the manufacturer’s instructions.
The extracted RNA (3 pg) was reverse transcribed by the
TagMan Reverse Transcription Kit (Applied Biosystems,
CA, USA). QRT-PCR reactions were performed in 6-well
plates in a StepOne™ Real-Time PCR machine (Corbett,
Australia) using primers that are shown in Table 1. QRT-
PCR was performed by SYBR green Supermix (Ampliqon,
Denmark) and the applied protocol was: initial denaturation
(95°C for 30 seconds), amplification (95°C for 5 seconds
and 60°C for 33 seconds), and melting (95°C for 15 seconds,
60°C for 60 seconds, and 95°C for 1 second). The target
genes’ threshold cycle (Ct) was obtained from the StepOne
software, and the values were normalized by GAPDH.

Immunofluorescence staining

The samples were fixed with paraformaldehyde (4%,
Sigma, USA) for 40 minutes and permeabilized with
0.1% Triton X-100 in PBS at room temperature. Then the
samples were blocked for 1 hour with 5% bovine serum
albumin (BSA, Sigma, USA) at room temperature and
stained with primary antibodies against human FOXA2 (1:
500, Polyclonal rabbit IgG, Millipore, Germany, AB4125)
and human SOXI7 (1: 20, Polyclonal Goat IgG, R&D,
USA, AF1924) overnight at 4°C. After that, the samples
were stained with secondary antibodies [Alexa fluor 594
donkey anti-rabbit (1:200, Gibco, USA, A-21207) or
Alexa fluor 488 donkey anti-goat (1:200, Gibco, USA,
A-11058)] for 60 minutes at room temperature. The cell
nuclei were stained with DAPI (1 pug/ml, Sigma, USA,
D8417) for 5 minutes and the samples were imaged under
a fluorescent microscope (Olympus, Japan).

Statistical analysis

The data are presented as means + standard deviation
(SD) of three replications. Statistical analyses were
carried out by a one-way ANOVA method followed by
unpaired Student’s t test and P<0.05 was designated as
significant difference. We used SPSS software version 16.

Table 1: Sequences of the quantitative reverse transcriptase-polymerase chain reaction (QRT-PCR) primers

Gene Primer sequence (5°-3") Accession number Product length (bp)
Forkhead box A2 (FOXA2) F: GAGACAAATCTCAGCCTCCCA NM 153675.3 110
R: CGTTCTCGAACATGTTGCCC
SRY (sex determining region Y)-box 17 (S0X17) F: TCAGCAAGCAGCTGGGATAC NM_003140.3 162
R: AACTGCAATTCTTCGGCAG
Goosecoid homeobox (GSC) F: AACGCGGAGAAGTGGAACAA NM _173849.3 158
R: AGCATCGTCTGTCTGTGCA
GAPDH F: CCATGGGGAAGGTGAAGGT NM_002046.7 548

R: AGTGATGGCATGGACTGTG

Cell J, Vol 24, No 2, February 2022


https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=1677531629
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=1653960407
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=1808496813
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=1519316078

Differentiation of Sox17 Expressing Cells on Scaffold

Results
Characterization of h(WJMS cells

Human WIMSCs readily adhered to the bottom of the
flask and were extractable. After 2 weeks, the cells were
fully attached to the bottom of the flasks and had grown to
80% confluency. At this point they were passaged one last
time and reached to the third passage, after which they were
used for treatment. As shown in Figure 1, under the inverted
microscope, the cells appeared to be normal with elongated
and spindle-like shapes (Fig.1A). To confirm multipotency
of the isolated hWIMSCs, they were treated with osteogenic
and adipogenic inductive media, and their differentiation
was confirmed by Alizarin Red, and Oil Red O staining,
respectively (Fig.1B, C). In addition, when evaluating their
cell surface markers by flow cytometry, our results indicated
that the cells were expressing CD105, CD90, and CD146
markers, but not CD31 and CD34 (Fig.1D).

Fig.1: Characterization of human Wharton'’s jelly mesenchymal stem cells
(hWJMSCs). A. Typical observation of hWJMSCs under phase-contrast
microscopy. B. Differentiation of hWJMSCs into osteoblasts as shown by
Alizarin Red staining. C. Differentiation of hWJMSCs into adipocytes as
shown by Oil Red O staining. D. Flow cytometric analysis of the isolated
hWIJMSCs for MSC (CD146, CD105, and CD90), and hematopoietic (CD34)
and endothelial (CD31) markers (scale bar: 100 um).

Morphology of the electrospun PLA/Cs nanocomposite
scaffold

We produced the PLA/Cs nanocomposite scaffolds
by a solution blending method. As shown in Figure 1,
the nanocomposite was a homogeneous scaffold with
high porosity and average diameter of 70 micrometers.
Also, the average thickness of this scaffold was about
460 micrometers. Indeed, the SEM images indicated
random fibers without any beads with an improved porous
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network. Also, the study of culturing the adherent cells
on the scaffold revealed that numerous hWJMSCs were
attached and scattered on PLA/Cs scaffold after 72 hours
following the seeding (Fig.2). These results proved
that the PLA/Cs scaffold effectively supported cellular
adhesion and growth of the hWJMSC:s.

Fig.2: Scanning electron micrographs show the morphology of the plated
human Wharton’s jelly mesenchymal stem cells (hWJMSCs) on polylactic
acid/chitosan (PLA/Cs) scaffold on day 3 after seeding. A. The fibers of
PLA/Cs scaffold were randomly entangled to form a strong, flexible,
and porous 3D matrix. B. The fibers of PLA/Cs scaffold with higher
maghnification, C. The plated hWJMSCs on PLA/Cs scaffold, D. The plated
hWJMSCs on PLA/Cs scaffold with higher magnification. Yellow arrows
show the plated hWJMSCs on the scaffold.

Measurement of cell viability

In this study, we evaluated cell viability of hWJMSCs
on PLA/Cs scaffolds using the MTT assay for 6 days.
Three days after plating the cells, no significant
difference was observed between the viability of
cells on PLA/Cs scaffold and the monolayer culture
(P<0.05). However, on days 4 and 6 of the culture, the
viability of the cells on PLA/Cs scaffolds significantly
increased (P<0.05) compared to the monolayer
culture. Therefore, it suggests that there is a time-
dependent increase in stability and viability of the
hWJIMSCs on the nanocomposite scaffold compared
to the monolayer culture (Fig.3A).

Acridine orange staining

Acridine orange is a double staining, such that live
cells turn green, while apoptotic cells are orange, and
if cells are in late stages of apoptosis, the nuclei get
fragmented, compacted, and red. Our result suggested
that the cultured cells on the PLA/Cs scaffold were
normal, clear, green and without shrinkage, proving
their viability (Fig.3).
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Fig.3: MTT assay and morphological study of hWIJMSCs by an inverted
microscope. A. Formosan absorbance has been expressed as a measure
of cell viability from the hWJMSCs cultured on nanocomposite scaffold
for 6 days. B. Passage 1 hWJMSCs after 3 days in culture, C. Passage 3
hWIJMSCs after 7 days, D. The cell viability assay using acridine orange/
ethidium bromide staining of hWJMSCs was performed on the cells
cultured on PLA/Cs scaffold by fluorescent microscopy after 2 days (B,
C, and D represent x200, x200, and x100 magnification, respectively,
scale bar: 100 pm). hWJMSCs; Human Wharton'’s jelly mesenchymal
stem cells, PLA/Cs; Polylactic acid/chitosan, and ***; P<0.05 and
values are mean (n=3).

Differentiation of h(WJMSC:s into definitive endoderm
cells

To distiguish DE cells from hWJIMSCs, two protocols
(SKL2001 or SKL2001/ nZnO) were used and their
efficiencies were compared. As shown in Figure 4,
in response to SKL2001 induction, the expression of
the hallmark genes of DE i.e. FOXA2, SOXI17, and
GSC were increased about 130, 159, and 90-fold,
respectively. Also, the induction of hWJMSCs with
SKL2001/nZnO resulted in a significant increase in
the expression levels of FOXA2, SOX17, and gsc genes
to 141, 204, and 92 folds, respectively. The expression
levels of FOXA2 and SOX17 were also significantly
higher (P<0.05) than their expressions in the cells
induced by SKL2001 alone, but no obvious difference
in GSC expression was found between these two
groups (Fig.4). In this research, mRNAs expression of
the DE marker genes in both experimental groups was
significantly more than that in the control group. Based
on these data, treatment with SKL2001 or especially
with SKL2001/nZnO could obviously induce the
differentiation of hWJMSCs into DE cells.

Immunocytochemical technique was performed
for further evaluation of the more effective protocol
i.e. SKL2001/nZnO. This analysis of the hWIMSCs-
derived DE sample suggested that the main population
of DE cells expressed SOX17 and FOXA2 proteins
within the nuclei. Therefore, treatment with SKL.2001/
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nZnO could successfully induce differentiation into
DE cells (Fig.5).
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Fig.4: Quantitative expression analysis of DE cells derived from hWJMSCs
cultured on PLA/Cs scaffold after 6 days. The results are collected from
3 independent experiments with 2 internal replicates per experiment.
Differences observed were statistically significant when P<0.05.
Comparison of the gene expression levels of DE markers (FOXA2, SOX17,
and GSC) in two experimental groups. hWJMSCs; Human Wharton'’s jelly
mesenchymal stem cells, PLA/Cs; Polylactic acid/chitosan, DE; Definitive
endoderm, ***; P<0.001, and **; P<0.01 untreated cells were considered
as a control group.
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Fig.5: Immunocytochemistry performed for analyzing SOX17 and FOXA2
as endoderm-specific proteins by differentiated hWJMSCs on the scaffold
after 6 days of culture. The staining of nuclei was performed by DAPI (x400
magnification, scale bar: 100 um).
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Discussion

In the present study, we have assessed the potentials of
differentiation of hWIMSCs into DE cells using SKL.2001
as a small molecule and nZnO as a nanoparticle on an
electrospun nanocomposite scaffold. The analysis of qRT-
PCR demonstrated that the expression of endodermal
marker genes such as FOXA2, SOXI7, and GSC in
experimental groups were significantly more than the
control group. Using immunocytochemistry, we also
evaluated the expression levels of the protein products of
these genes.

We can define tissue engineering as a multidisciplinary
approach that provides a promising strategy for
regenerative medicine (19). Various research projects
have demonstrated the advantages of tissue engineering
as a suitable therapeutic strategy for induction of cell
differentiation (20, 21). Interestingly, these studies
have proven that the use of tissue engineering improves
cell proliferation, survival, and cell-cell interactions
comparing to monolayer cultures (22-24). Today, the
administration of synthetic polymers to prepare scaffolds
has significantly increased, which is due to their suitable
mechanical properties, cost-effectiveness, and convenient
fabrication processes. Furthermore, polymer blending
methods have been used to improve the hydrophilic
properties of synthetic polymers and the adhesion of
cells to scaffolds (25-28). In our study, PLA/Cs, as a
blended scaffold, was a biocompatible and suitable
scaffold in promoting cell viability and attachment. Also,
the infiltration and extension of the cells into the PLA/
Cs scaffold was confirmed by SEM studies. Furthermore,
according to our results, the DE differentiation with high
efficiency in the expression of SOX17 was due to the
treatment of hWJMSCs seeded on PLA/Cs with SKL.2001
and nZnO.

It has been proved that the formation of DE can be
considered as the first and most critical stage in the
generation of stem cell-derived hepatocytes, beta cells,
and other endoderm derived organs (29-31). D’ Amour et
al. (29) in 2006 presented a protocol for efficient induction
of DE cells. Because of the high efficiency of this protocol,
generally it has been used by many research groups (32,
33). Based on the recent studies, to induce DE cells from
different stem cells, several factors including Nodal,
Wnt3a, Activin A, and some of the small molecules have
been used (31). For example, Borowiak et al. (34) showed
that inducer of DE1 as a small molecule could increase DE
differentiation, comparable to those induced by Activin A.
In the present study, our results indicated that SKL.2001/
nZnO combination offers a practical method for DE
differentiation from hWJMSCs in a 3D culture.

Previous studies have reported that zinc is effective
in glucose metabolism, promoting hepatic glycogenesis
by acting on insulin pathways and improving glucose
utilization. Zinc plays an essential role in biosynthesis,
secretion, and storage of insulin because it protects insulin
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structure. Moreover, beta cells contain several zinc
transporters that stimulate insulin secretion (35). Also,
nZnO has antidiabetic effects and it can decrease blood
glucose, inhibit glucokinase (GK) activity, increase insulin
level, and stimulate the expression of glucose transporter
2 in diabetic rats (12). Besides, in some studies, it has been
reported that zinc ions act as signalling molecules (36,
37). Thus, we can divide the intracellular zinc functions
into two categories: i. Protein binding zinc, contributing
to enzyme’s activity and structure protection, and ii.
Labile zinc, with is non-binding to proteins and acts as a
signal transferring molecule (38). Based on the existing
evidence, nZnO may be conducive to the differentiation of
DE through signaling pathways, especially by inhibiting
GK activity. In this study we showed that the small
molecule SKL.2001 has synergistic effects with nZnO in
induction of DE cell formation. We conclude that in this
induction pathway, nZnO has synergies with SKL.2001
via activation of B-catenin signaling, since nZnO can
activate Wnt/B-catenin indirectly by inhibiting GK.

The Wnt/B-catenin has important functions in
differentiation processes of various cells such as MSCs.
Gwak et al. (39) in 2012 introduced SKI1.2001 as a novel
agonist of the Wnt/B-catenin pathway after screening 270
000 synthetic chemical compounds. They identified the
molecular mechanism of SKI1.2001, which leads to release
of B-catenin, by opening up the Axin/B-catenin bond.

Maschio et al. declared that Wnt/B-catenin agonist plays
a crucial function in cell differentiation and proliferation
during embryogenesis. They specifically demonstrated
that there is a relationship between the Wnt/B-catenin
pathway and type 2 diabetes. Also, they found that
the unregulated Wnt/B-catenin pathway leads to the
disruption of beta cells in the early phase of diabetes (40).

Conclusion

Our findings indicated that the PLA/Cs nanocomposite
scaffolds provide a protective and suitable environment for
hWIMSCs’ growth and viability. Here we showed for the
first time that the small molecule SKL.2001 as a Wnt/j-
catenin pathway agonist could induce differentiation of
hWIMSCs into DE cells. Also, our results showed that
the treatment of hWJMSCs with SKL2001 combined
with nZnO had a synergistic effect on DE cell induction.
It has been suggested that we can provide an efficient
method with the functional differentiation of DE cells via
combining a suitable scaffold with essential supplements
and a reliable cellular source. These results be used for
further differentiation into pancreatic and hepatocytes cells.

Acknowledgments

The authors are sincerely grateful to Shahid Chamran
University of Ahvaz (grant number 98). This study
was financially supported by the Iran National Science
Foundation (INSF) vice presidency for science and
technology. The authors declare that there are no conflicts
of interest.



Authors’ Contributions

E.H.; Contributed to conception, design, all experimental
work, and were responsible for overall supervision. S.T;
Contributed to data and statistical analysis, interpretation
of data, and drafted the manuscript. All authors read and
approved the final manuscript.

References

1.

10.

1.

12.

13.

14.

15.

16.

17.

18.

Li XY, Wu SY, Leung PS. Human fetal bone marrow-derived mes-
enchymal stem cells promote the proliferation and differentiation of
pancreatic progenitor cells and the engraftment function of islet-like
cell clusters. Int J Mol Sci. 2019; 20(17): 4083.

Cabezas J, Rojas D, Navarrete F, Ortiz R, Rivera G, Saravia F, et
al. Equine mesenchymal stem cells derived from endometrial or
adipose tissue share significant biological properties, but have dis-
tinctive pattern of surface markers and migration. Theriogenology.
2018; 106: 93-102.

Kamolz LP, Keck M, Kasper C. Wharton’s jelly mesenchymal stem
cells promote wound healing and tissue regeneration. Stem Cell
Res Ther. 2014; 5(3): 62.

Jurewicz E, Wyroba E, Filipek A. Tubulin-dependent secretion of
S100A6 and cellular signaling pathways activated by S100A6-inte-
grin B1 interaction. Cell Signal. 2018; 42: 21-29.

Ghorbani-Dalini S, Azarpira N, Sangtarash MH, Soleimanpour-Li-
chaei HR, Yaghobi R, Lorzadeh S, et al. Optimization of activin-A:
a breakthrough in differentiation of human induced pluripotent stem
cell into definitive endoderm. 3 Biotech. 2020; 10(5): 215.

Mobarra N, Soleimani M, Ghayour-Mobarhan M, Safarpour
S, Ferns GA, Pakzad R, et al. Hybrid poly-I-lactic acid/poly(e-
caprolactone) nanofibrous scaffold can improve biochemical and
molecular markers of human induced pluripotent stem cell-derived
hepatocyte-like cells. J Cell Physiol. 2019; 234(7): 11247-11255.
Hoveizi E, Tavakol S, Shirian S, Sanamiri K. Electrospun nanofib-
ers for diabetes: tissue engineering and cell-based therapies. Curr
Stem Cell Res Ther. 2019; 14(2): 152-168.

D’Amour KA, Agulnick AD, Eliazer S, Kelly OG, Kroon E, Baetge
EE. Efficient differentiation of human embryonic stem cells to de-
finitive endoderm. Nat Biotechnol. 2005; 23(12): 1534-1541.

He C, Sun J, Liu C, Jiang Y, Hao Y. Elevated H3K27me3 levels sen-
sitize osteosarcoma to cisplatin. Clin Epigenetics. 2019; 11(1): 8.
Ghasemi-Mobarakeh L, Morshed M, Karbalaie K, Fesharaki MA,
Nematallahi M, Nasr-Esfahani MH, et al. The thickness of electro-
spun poly (epsilon-caprolactone) nanofibrous scaffolds influences
cell proliferation. Int J Artif Organs. 2009; 32(3): 150-158.

Jalali MT, Dayer D, Haghighizadeh MH, Karandish M. Very high
prevalence of zinc deficiency in elderly hospitalized patients in Ah-
vaz, Iran. Saudi Med J. 2001; 32, 314-315.

Umrani RD, Paknikar KM. Zinc oxide nanoparticles show antidia-
betic activity in streptozotocin-induced Type 1 and 2 diabetic rats.
Nanomedicine (Lond). 2014; 9(1): 89-104.

Masia F, Glen A, Stephens P, Langbein W, Borri P. Label-free
quantitative chemical imaging and classification analysis of adipo-
genesis using mouse embryonic stem cells. J Biophotonics. 2018;
11(7): €201700219.

Silva M, Ferreira FN, Alves NM, Paiva MC. Biodegradable polymer
nanocomposites for ligament/tendon tissue engineering. J Nano-
biotechnology. 2020; 18(1): 23.

Ebrahimi-Barough S, Hoveizi E, Yazdankhah M, Ai J, Khakbiz M,
Faghihi F, et al. Inhibitor of PI3K/Akt signaling pathway small mol-
ecule promotes motor neuron differentiation of human endometrial
stem cells cultured on electrospun biocomposite polycaprolactone/
collagen scaffolds. Mol Neurobiol. 2017; 54(4): 2547-2554.
Hoveizi E, Mohammadi T. Differentiation of endometrial stem cells
into insulin-producing cells using signaling molecules and zinc ox-
ide nanoparticles, and three-dimensional culture on nanofibrous
scaffolds. J Mater Sci Mater Med. 2019; 30(9): 101.

Hashemitabar M, Allahbakhshi E, Tabande MR, Orazizadeh M, Ne-
jad Dehbashi F, Azandeh S, et al. Isolation and characterization of
human umbilical cord mesenchymal stem cells and their differen-
tiation into Pdx-1+ cells. J Biomed Eng. 2015; 8: 780-788.

Hoveizi E, Tavakol S. Therapeutic potential of human mesenchy-
mal stem cells derived beta cell precursors on a nanofibrous scaf-
fold: an approach to treat diabetes mellitus. J Cell Physiol. 2019;

61

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Hoveizi and Tavakol

234(7): 10196-10204.

Hoveizi E, Ebrahimi-Barough S, Tavakol S, Nabiuni M. In vitro
comparative survey of cell adhesion and proliferation of human in-
duced pluripotent stem cells on surfaces of polymeric electrospun
nanofibrous and solution-cast film scaffolds. J Biomed Mater Res
A. 2015; 103(9): 2952-2958.

Chayosumrit M, Tuch B, Sidhu K. Alginate microcapsule for propa-
gation and directed differentiation of hESCs to definitive endoderm.
Biomaterials. 2010; 31(3): 505-514.

Wang YJ, Qiao J, Baker R, Zhang J. Alkaline polymer electrolyte
membranes for fuel cell applications. Chem Soc Rev. 2013; 42(13):
5768-5787.

Lai JY. Corneal stromal cell growth on gelatin/chondroitin sulfate
scaffolds modified at different NHS/EDC molar ratios. Int J Mol Sci.
2013; 14(1): 2036-2055.

Serra T, Planell JA, Navarro M. High-resolution PLA-based com-
posite scaffolds via 3-D printing technology. Acta Biomater. 2013;
9(3): 5521-5530.

Yim EK, Leong KW. Proliferation and differentiation of human em-
bryonic germ cell derivatives in bioactive polymeric fibrous scaffold.
J Biomater Sci Polym Ed. 2005; 16(10): 1193-1217.

Kim HW, Yu HS, Lee HH. Nanofibrous matrices of poly(lactic acid)
and gelatin polymeric blends for the improvement of cellular re-
sponses. J Biomed Mater Res A. 2008; 87(1): 25-32.

Meng ZX, Wang YS, Ma C, Zheng W, Li L, Zheng YF. Electrospin-
ning of PLGA/gelatin randomly-oriented and aligned nanofibers as
potential scaffold in tissue engineering. Mater Sci Eng. 2010; 30(8):
1204-1210.

Hoveizi E, Nabiuni M, Parivar K, Rajabi-Zeleti S, Tavakol S. Func-
tionalisation and surface modification of electrospun polylactic acid
scaffold for tissue engineering. Cell Biol Int. 2014; 38(1): 41-49.
Zhang Y, Ouyang H, Lim CT, Ramakrishna S, Huang ZM. Electro-
spinning of gelatin fibers and gelatin/PCL composite fibrous scaf-
folds. J Biomed Mater Res B Appl Biomater. 2005; 72(1): 156-165.
D’Amour KA, Bang AG, Eliazer S, Kelly OG, Agulnick AD, Smart
NG, et al. Production of pancreatic hormone-expressing endocrine
cells from human embryonic stem cells. Nat Biotechnol. 2006;
24(11): 1392-1401.

Jiang W, Shi Y, Zhao D, Chen S, Yong J, Zhang J, et al. In vitro deri-
vation of functional insulin-producing cells from human embryonic
stem cells. Cell Res. 2007; 17(4): 333-344.

Kopper O, Benvenisty N. Stepwise differentiation of human embry-
onic stem cells into early endoderm derivatives and their molecular
characterization. Stem Cell Res. 2012; 8(3): 335-345.

Hoveizi E, Massumi M, Ebrahimi-barough S, Tavakol S, Ai J. Dif-
ferential effect of Activin A and WNT3a on definitive endoderm dif-
ferentiation on electrospun nanofibrous PCL scaffold. Cell Biol Int.
2015; 39(5): 591-599.

Wartchow KM, Rodrigues L, Suardi LZ, Federhen BC, Selistre NG,
Goncalves CA, et al. Short-term protocols to obtain insulin-produc-
ing cells from rat adipose tissue: signaling pathways and in vivo
effect. Int J Mol Sci. 2019; 20(10): 2458.

Borowiak M, Maehr R, Chen S, Chen AE, Tang W, Fox JL, et al.
Small molecules efficiently direct endodermal differentiation of
mouse and human embryonic stem cells. Cell Stem Cell. 2009;
4(4): 348-358.

Wijesekara N, Chimienti F, Wheeler MB. Zinc, a regulator of islet
function and glucose homeostasis. Diabetes Obes Metab. 2009;
4:202-214.

Fukada T, Kambe T. Molecular and genetic features of zinc trans-
porters in physiology and pathogenesis. Metallomics. 2011; 3(7):
662-674.

Haase H, Rink L. Zinc signals and immune function. Biofactors.
2014; 40(1): 27-40.

Lu Q, Haragopal H, Slepchenko KG, Stork C, Li YV. Intracellular
zinc distribution in mitochondria, ER and the Golgi apparatus. Int J
Physiol Pathophysiol Pharmacol. 2016; 8(1): 35-43.

Gwak J, Hwang SG, Park HS, Choi SR, Park SH, Kim H, et al.
Small molecule-based disruption of the Axin/beta-catenin protein
complex regulates mesenchymal stem cell differentiation. Cell Res.
2012; 22(1): 237-247.

Maschio DA, Oliveira RB, Santos MR, Carvalho CP, Barbosa-
Sampaio HC, Collares-Buzato CB. Activation of the Wnt/B-catenin
pathway in pancreatic beta cells during the compensatory islet
hyperplasia in prediabetic mice. Biochem Biophys Res Commun.
2016; 478(4): 1534-1540.

Cell J, Vol 24, No 2, February 2022


https://www.scirp.org/journal/articles.aspx?searchcode=Mahmoud++Hashemitabar&searchfield=authors&page=1
https://www.scirp.org/journal/articles.aspx?searchcode=Elham++Allahbakhshi&searchfield=authors&page=1
https://www.scirp.org/journal/articles.aspx?searchcode=Mohamad+Reza++Tabande&searchfield=authors&page=1
https://www.scirp.org/journal/articles.aspx?searchcode=Mahmoud++Orazizadeh&searchfield=authors&page=1
https://www.scirp.org/journal/articles.aspx?searchcode=Fereshteh+Nejad++Dehbashi&searchfield=authors&page=1
https://www.scirp.org/journal/articles.aspx?searchcode=Fereshteh+Nejad++Dehbashi&searchfield=authors&page=1
https://www.scirp.org/journal/articles.aspx?searchcode=Saeed++Azandeh&searchfield=authors&page=1

Original Article

Mesenchymal Stromal Cell Therapy Improves Refractory Perianal
Fistula in Crohn’s Disease: Case Series Clinical
Interventional Study

Massoud Vosough, M.D., Ph.D."* Sepideh Nikfam, M.D.2#, Shukoofeh Torabi, Ph.D."#, Bahareh Sadri, M.Sc.!,
Hadi Ahmadi Amoli, M.D.3, Ali Basi, M.D.%, Maryam Niknejadi, M.D.5, Nikoo Hossein-Khannazer, Ph.D.¢,
Seyedeh-Esmat Hosseini, Ph.D.!, Soura Mardpour, Ph.D.", Vajiheh Azimian, Ph.D.", Neda Jaroughi, M.Sc.",

Nasser Aghdami, Ph.D.!, Hamid Reza Amirzehni, M.D.2, Amir Anushirvani, M.D.2, Reza Malekzadeh, M.D.2
Hossein Baharvand, Ph.D.” 8%, Mehdi Mohamadnejad, M.D.*

1. Department of Regenerative Medicine, Cell Science Research Center, Royan Institute for Stem Cell Biology and Technology, ACECR,
Tehran, Iran
2. Liver and Pancreatobiliary Diseases Research Center, Digestive Diseases Research Institute, Tehran University of Medical Sciences,
Tehran, Iran
3. Sina Trauma and Surgery Research Center, Tehran University of Medical Sciences, Tehran, Iran
4. Department of Hematology Oncology, Iran University of Medical Sciences, Tehran, Iran
5. Department of Reproductive Imaging, Reproductive Biomedicine Research Center, Royan Institute for Reproductive Biomedicine,
ACECR, Tehran, Iran
6. Department of Immunology, School of Medicine, Shahid Beheshti University of Medical Sciences, Tehran, Iran
7. Department of Stem Cells and Developmental Biology, Cell Science Research Center, Royan Institute for Stem Cell Biology and
Technology, ACECR, Tehran, Iran
8. Department of Developmental Biology, School of Basic Sciences and Advanced Technologies in Biology, University of Science and
Culture, Tehran, Iran

# These authors contributed equally to this work.

*Corresponding Addresses: P.O.Box: 16635-148, Department of Regenerative Medicine, Cell Science Research Center, Royan Institute for Stem
Cell Biology and Technology, ACECR, Tehran, Iran
PO.Box: 16635-148, Department of Stem Cells and Developmental Biology, Cell Science Research Center, Royan Institute for Stem Cell Biology
and Technology, ACECR, Tehran, Iran
PO.Box: 1665659911, Liver and Pancreatobiliary Diseases Research Center, Digestive Diseases Research Institute, Tehran University of Medical
Sciences, Tehran, Iran
Emails: masvos@royaninstitute.org, Baharvand@royaninstitute.org, mehdi.nejad@gmail.com

Received: 20/February/2021, Accepted: 09/May/2021
Abstract
Objective: Perianal fistulas in Crohn’s disease (CD) are the main challenges in inflammatory bowel diseases (IBDs).
Some of the fistulas are refractory to any therapeutic strategy. The aim of this study was to evaluate the therapeutic
effects of mesenchymal stromal cells (MSCs) as a novel promising modality for the treatment of fistulizing CD.

Materials and Methods: This case series clinical interventional study was conducted from 2014 to 2017 at
Shariati Hospital, an IBD referral center in Tehran, Iran. Refractory adult patients with CD who had draining
perianal fistulas were enrolled in this study. All patients were examined by a colorectal surgeon and the fistula
imaging studies were performed by pelvic magnetic resonance imaging (MRI). After autologous bone marrow
(BM) aspiration and MSCs isolation, the cells were cultured and passaged under current good manufacturing
practice (cGMP) conditions. Four intra-fistula injections of cells, each containing 40%x10%8 MSCs suspended in
fibrin glue, were administered by an expert surgeon every 4 weeks. Procedure safety, feasibility and closure of
the perianal fistulas at week 24 were assessed. Clinical examination and MRI findings were considered as the
primary end points.

Results: In total, 5 patients (2 males and 3 females) were enrolled in this study. No adverse events were observed
during the six-month follow-up in these patients. Both the Crohn’s Disease Activity Index (CDAI) and Perianal Disease
Activity Index (PDAI) scores decreased in all patients after cell injections and one patient achieved complete remission
with closure of fistulas, discontinuation of fistula discharge, and closure of the external opening.

Conclusion: Local injection of MSCs combined with fibrin glue is potentially a safe and effective therapeutic approach
for complex perianal fistulas in patients with CD.
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Introduction

Crohn’s disease (CD) is a chronic inflammatory
condition characterized by transmural involvement of
the gastrointestinal tract and fistula formation. Patients
may suffer from fissures, canal stenosis and fistulas
with or without abscess (1, 2). Perianal fistulas are one
of the most disabling complications and a source of
morbidity for CD patients. The cumulative incidence
of perianal fistulas in patients with CD ranges from 18
to 43% (3, 4).

Understanding the pathogenesis of CD has revealed
that unresolved chronic inflammation triggers the
recruitment of activated immune cells including
lymphocytes and macrophages over time. Production of
tumour necrosis factor alpha (TNF-a), interleukin-12
(IL-12), IL-17 and IL-23 inflammatory cytokines in
addition to impairments in healing mechanisms can
cause epithelial defects and fistula formation (5-
7). Adversely, diagnosis and optimal management
of perianal fistulizing CD is challenging, as many
patients do not respond to approved and available
medical therapies that include administration of
antibiotics, immunomodulators, and biological agents
(8). Patients with perianal fistulas unresponsive to
conventional medical or biological treatments should
undergo surgical therapy. However, only one third of
patients with complex perianal fistula achieve durable
remission with either medical or surgical treatments
(9). These limitations have encouraged considerable
attention in investigating new alternative treatment
options for perianal fistulizing CD.

Recently, stem cell therapy has become a highly
promising approach to address important challenges in
CD patients in general (10, 11). Several studies suggest
that mesenchymal stromal cell (MSC) therapy could
be an option to improve CD and Crohn’s fistula (12,
13). MSCs are multipotent adult stem cells derived
from various tissues such as bone marrow (BM),
adipose tissue, umbilical cord, and placenta. MSCs
are involved in anti-inflammatory events and tissue
repair through their immunomodulatory, anti-fibrotic,
and pro-angiogenic properties. MSCs suppress the
proliferation of CD4+ and CD8+ T lymphocytes and
natural killer cells (NK), stimulate the proliferation
of regulatory T cells, and suppress immunoglobulin
production through secretion of various bioactive
molecules and cytokines (14, 15). MSC therapy
has shown encouraging results in the treatment of
refractory fistulizing CD. Clinical applications of
MSCs have demonstrated their efficacy and safety
as a promising alternative for the currently available
treatments of perianal fistulas in CD. Moreover,
local administration of autologous MSCs have shown
significantly higher healing rate (HR) compared to the
allogenic MSCs (16, 17).

Advances in cell replacement therapies have resulted
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indevelopment of advanced therapy medicinal products
(ATMPs) for the treatment of inflammatory bowel
disease (IBD) patients. The advantages of MSCs for
tissue repair and regeneration make them promising
tools for treatment of inflammatory diseases. Recently,
three adipose tissue-derived (AD)-MSC-based cell
therapy products received approval for treatment of
fistula in CD. Cupistem®, which is the first approved
autologous AD-MSCs product, was developed by
Anterogen Company (South Korea) and approved by
the South Korea Ministry of Food and Drug Safety
(MFDS) in 2012. Alofisel (darvadstrocel), which was
an allogeneic product co-developed by TiGenix (USA)
and Takeda (UK) pharmaceutical Companies, was
approved by the European Medicines Agency (EMA)
in 2018, and finally, Ryoncil (remestemcel-L) was
developed by Mesoblast Company and is currently
in an ongoing phase 1/2 clinical trial (18). The aim
of this study was to evaluate the safety, feasibility
and efficacy of intrafistula injection of autologous
BM-MSCs suspended in fibrin glue into perianal CD
fistulas that were refractory to conventional medical
therapy.

Materials and Methods

Mesenchymal stromal cells isolation, expansion and
characterization

In this case series clinical interventional study, BM-
MSCs were isolated and expanded according to our
previous report (19). Briefly, after approval from the
Ethics Committee of the research council of digestive
disease research institute (DDRI) at Tehran University
of Medical Sciences (FWA00001331), each patient
signed an informed consent for participation in the
study and underwent general physical examination
and virus screening, followed by BM aspiration,
approximately four weeks before the first cell injection.
BM aspiration (100-150 ml) was performed under
local anesthesia from the posterior iliac crests of the
patients. BM was placed in aseptic blood collection
bag and washed with phosphate-buffered saline (PBS,
Gibco, USA). Mononuclear cells (MNCs) were isolated
by layering them on top of a density gradient solution
(Ficol-Hypaque, 1.077 g/ml, Lymphodex; Inno-Train,
Kronberg im Taunus, Germany) and were washed
twice with PBS buffer. Then, the resuspended MNCs
were seeded at a density of 1x10° cells/cm? in Alpha
Modified Eagle’s Medium (a-MEM, Life Technologies,
USA) supplemented with 10% fetal bovine serum
(FBS, Hyclone, USA) and 2 mM L-glutamine (Gibco,
USA) in T175 tissue culture flasks. On day 4, the
medium was refreshed and nonadherent cells were
transferred to new T175 flasks that contained 15 ml
fresh medium, in which they were allowed to culture
for an additional four days. The medium was refreshed
every four days. Once they reached 80% confluency,
the MSCs were harvested using trypsin/EDTA (Gibco,
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USA) and seeded at a density of 2x10° cells/cm? in
the same condition as before. The cells were passaged
3-4 times consecutively to provide enough cells for
administration. After reaching 2x108 cells, MSCs
were harvested and cryopreserved in 10% dimethyl
sulfide (Sigma Aldrich, USA) at -80°C until the time
of transplantation.

Quality control evaluation of the MSCs was performed
by assessments of cell morphology and viability, immune
phenotyping, and cytogenetic analysis, mycoplasma
contamination, endotoxin tests using LAL test kit (Lonza,
Walkersville, MD, USA; http://www.lonza.com) and
microbial contamination test using BACTEC instrument
(BD BACTEC; BD Diagnostics, Franklin, NJ, USA;
http://www.bd.com).

The expression patterns of MSC specific surface markers
(CD90, CD73, CD105, CD44 and CD29) and absence
of hematopoietic specific markers (CD34 and CD45)
were evaluated by flow cytometry (BD FACSCalibur™
cytometer and FlowJo 7-6-1 software). Table S1 lists the
antibodies used in this assessment (See Supplementary
Online Information at www.celljournal.org).

Fibrin glue preparation

Fibrin glue/gel is a two-component adhesive material
composed of fibrinogen (sealant) and thrombin
(catalyst), which is used to adhere tissues together and
seal tissue defects. The fibrin glue was prepared from
cord-blood-derived platelet rich plasma (PRP). The
fibrinogen was precipitated from the PRP by ethanol
precipitation at low temperature. The thrombin solution
in the fibrin glue was obtained from diluted plasma
through adjustment of the pH and centrifugation.
Preparation of the fibrin glue was initiated (between 10
to 20 seconds) after mixing the fibrinogen and thrombin
in the presence of CaCl, to convert prothrombin to
thrombin. Fibrin Glue is commercially available from
Royan Stem Cell Technology Co.

Patient criteria and treatment

This case series clinical interventional study was
registered at www.clinicaltrials.gov. The registration
number is: NCT01874015. Five patients (two males
and three females) with refractory CD and active and
persistent perianal fistulas were enrolled in this study.

Each patient signed a written informed consent prior
to the study. Inclusion criteria consisted of: 18 years
of age or older, confirmed diagnosis of CD for at
least six months and presence of active and persistent
refractory perianal fistula. Refractory fistula was
defined as fistulas unresponsive to immunosuppressive
therapy (e.g. azathioprine, 6-mercaptoputine and
methotrexate) and/or anti-TNF therapy. The patients
received 5-ASA, azathioprine, 6-mercaptoputine,
methotrexate, or corticosteroids for at least eight weeks
prior to their enrollment. Anti-TNF therapy must have
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been discontinued at least eight weeks before the
enrollment. The exclusion criteria were the diagnosis
of of fibrostenotic CD, any history of surgery four
weeks prior to enrollment and previous history of any
malignancies. Pelvic magnetic resonance imaging
(MRI) was used to delineate the anatomy of the fistula
track. The primary end point of the study was defined
as closure of the treated perianal fistulas at week
24 post-transplantation, as assessed by both clinical
examination and MRI. The secondary end points were
reductions in Perianal Disease Activity Index (PDAI)
and Crohn’s Disease Activity Index (CDALI). Fistula
closure was defined as the absence of discharge from
the external orifice of the fistula after application of
manual pressure along with re-epithelialization of the
external orifice. Complete response was defined as
closure of all fistulas and the absence of collections
larger than 2 cm of the treated peri-anal fistulas as
evaluated by MRI (9). Partial response was defined
as a significant reduction of fistula discharge and a
decrease in its diameter based on MRI imaging.

Cell transplantation

A total number of 4x10” MSCs were harvested and
washed with PBS and re-suspended in sterile normal
saline supplemented with 1% human serum albumin
(HAS, Octapharma AG, Lachen, Switzerland, http://
www.octapharma.com). A mixture of MSCs and
fibrinogen, thrombin and calcium chloride (fibrin glue)
was infused using a dual syringe injection system to fill
both the peri-fistula and inside the fistula tract wall. The
cells were injected every four weeks and four injections
were performed per subject.

Injection procedure

After enrollment, all patients were examined by a
colorectal surgeon. If a perianal abscess was detected,
drainage was performed using seton placement and
antibiotics were administered (oral ciprofloxacin and
metronidazole) for two weeks before the first MSC injection.
The injections were performed under local anesthesia and
sterile conditions. The MSC suspension was mixed with
fibrin glue and injected into the lumen and the walls of the
fistula track. An average of 4x10” MSCs were transferred
at each injection. The patients were monitored for possible
adverse reactions such as fever for six hours after the
procedure. CDAI (20) and PDAI (21) were calculated for
each patient at baseline and at the end of the follow-up. The
patients were examined three weeks after each injection,
and the subsequent injections were performed every four
weeks for up to four injections (Fig.1).

Ethical considerations

After receiving approval from the Ethics Committee of
the research council of digestive disease research institute
(DDRI) at Tehran University of Medical Sciences, the
study conducted accordingly (FWA00001331).
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Fig.1: Steps of the injection of autologous BM-MSCs in CD patients. A.
Isolation, expansion, characterization and intra-fistula injection of BM-MSCs
in CD patients. B. The process time line of MSC therapy in CD patients. BM-
MSCs; Bone marrow-derived mesenchymal stromal cells, CD; Crohn’s disease,
and MNCs; Mononuclear cells.
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Statistical analysis

The student’s t test for paired data was used to compare
CDAI and PDAI before and after the treatment. The
P<0.05 was considered as significant.

Results
Table 1 summarizes the patients’ baseline characteristics.
Cell characteristics

MSCs from all patients were characterized in terms
of cytogenetic integrity (karyotype analysis) identity
(morphology), purity (surface marker expression patterns)
and viability, according to the guidelines by the International
Society for Cellular Therapy (ISCT) for MSCs. The isolated
MSCs had a spindle-shaped morphology and expressed the
general specific surface markers of MSCs including [CD90
(98.5%), CD73 (90.1%), CDI105 (98.3%), CD44 (92%)
and CD29 (96.4%)]. However, these cells did not express
the hematopoietic stem cell markers [CD34 (1.59%), CD45
(0.06%) or CD11 (0.293%, (Fig.2A-F)]. Karyotype analysis of
the expanded MSCs at passage 4 indicated normal karyotype
without chromosomal aberrations (Fig.2F). Furthermore,
MSCs from all CD patients met all other quality control
criteria that included viability by more than 90% and absence
of possible microbial contaminations before infusion. Table 2
lists the detailed results of the MNCs and MSC viability and
cell count for all the patients.

Table 1: Baseline characteristics of the patients with Crohn’s disease and refractory fistulas

Patient Age (Y) Gender Disease Disease location CDAI PDAI Previous surgery Immunosuppressive  Biologics
number duration (Y)
1 48 F 15 Rectum left colon 169 5 No Azathioprine IFX
2 24 M 10 Ileum 99 7 No Mesalazine IFX
3 31 F - Rectum 166 6 No Mesalazine NA
4 31 F 4 Ileum 173 6 No Azathioprine NA
5 43 M 3 Ileum 167 9 No Azathioprine IFX
CDAI; Crohn’s Disease Activity Index, PDAI; Perianal Disease Activity Index, NA; Not applicable, and IFX; Infliximab.
Table 2: Quantity and viability of MNCs and MSCs
Patient MNC count 1#* MSC count 2" MSC count 37 MSC count 4" MSC count Mean + SD
(viability) (viability) (viability) (viability) (viability)
1 2.1x10°(94%) 3.8x107(95%) 4.2x107(95%) 4.2x107(95%) 4.0x107(95%) 4.05x107+ 1.77x10¢
2 1.8x10°(100%) 4x107(96%) 4.7x107(95%) 4.5x107(96%) 4.2x107(97%) 4.35x107+ 2.87%10°
3 1.4x10°(94%) 4x107(96%) 3.8x107(94%) 4x107(93%) 3.6x107(93%) 3.85x107+ 1.77x10°¢
4 2.5x10°(96%) 4x107(95%) 4x107(93%) 3.4x107(92%) 3.2x107(95%) 3.65x107+ 3.81x10°
5 1x10°(100%) 4x107(92%) 4x107(93%) 4.2x107(97%) 4.5%x107(92.5%) 4.17x107+ 2.18x10°

MNCs; Mononuclear cells and MSCs: Mesenchymal stromal cells.
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Fig.2: Detailed characterization of mesenchymal stromal cells (MSCs)
from CD patients. A. Morphological examination revealed that MSCs
were spindle-shaped and fibroblast-like cells in appearance. B-E.
Immunophenotypic characterization of MSCs showed that these cells
expressed general specific surface markers of MSCs [CD90 (98.5%), CD73
(90.1%), CD105 (98.3%), CD44 (92%) and CD29 (96.4%)], but did not
express hematopoietic specific markers [CD34 (1.59%), CD45 (0.06%)
and CD11 (0.293%)]. F. Normal diploid karyotype patterns of the isolated
MSCs. MSCs; Mesenchymal stromal cells and CD; Crohn’s disease.

Clinical assessment and follow-up

There were no adverse outcomes after the local injections
and during the follow-up treatments in all five patients. One
patient achieved complete remission during the six months of
follow-up with fistula closure, cessation of fistula discharge,
and closure of the external opening. A total number of three
patients had partial responses with significant reductions of
fistula discharge and decreased fistula diameters according
to MRI imaging (Fig.3). One patient had no response to the
treatment in terms of fistula closure, and a new perianal fistula
track was observed during follow-up.

CDALI decreased to the mean of 118.4 points at the end
of the treatment (154.8 to 36.4, P=0.004). There was also a
significant decline in the PDAI after the treatment (6.6 to 4.6,
P=0.04). Table 3 presents PDAI and CDAI scores before and
after the intrafistula MSCs injections (Fig.4).

Before

After

Fig.3: Short inversion recovery and T1l-weighted, fat-suppressed (STIR
T1W-FS) sequence with contrast injection of axial pelvic images before and
after three weeks. Injection of mesenchymal stromal cells (MSCs) showed
fistula tract closure on the left side at the 2 o’clock position of the anus.
Decreased enhancement and shortening of the fistula tract with clinically
reduced discharge was observed after treatment with MSCs.
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Fig.4: Perianal Disease Activity Index (PDAI) and Crohn’s Disease Activity
Index (CDAI) scores before and six months after intra-fistula mesenchymal
stromal cells (MSCs) injections. A. CDAI scores before and after intra-
fistula MSCs injection, B. PDAI scores before and after intra-fistula MSCs
injection. Patients experienced clinical remission with the average of
(CDAI<118.4) and (PDAI<4.6) scores by 6 months after local administration
of MSCs.

Discussion

Using commercially available biological agents is the
most frequent treatment strategy in 50% of IBD patients.
However, long term therapy and many adverse event
reports have caused serious limitations for this approach.
Over the past few years, stem cell therapy has emerged
as a promising option to treat soft-tissue injuries (22).
Several studies have investigated the role of cell-based
therapy with different types of stem cells, including HSCs,
BM-MSCs and AD-MSCs from autologous or allogeneic
sources for refractory CD. The results of such studies have
successfully demonstrated the safety of this approach and
the lack of serious adverse outcomes (23, 24).

MSCs have been extensively investigated and
applied in regenerative medicine, tissue repair, and
immunomodulation and are proposed to exert beneficial
effects in fistulizing CD. Previous studies have shown
the safety and effectiveness of a single injection of
AD-MSCs in the treatment of fistulas in CD (25). The
long-term evaluation of safety and efficacy of allogeneic
BM-MSCs in CD patients has revealed that BM-MSC
therapy is safe, as it resulted in successful fistula closure
rates of 63, 100, and 43% after 4 years in three different
MSC-based cohort studies (26). Moreover, a recent meta-



analysis study evaluated the efficacy and safety of local
administration of MSCs for complex perianal fistula. The
results have shown that application of MSCs alone or in
combination with fibrin glue is effective with no serious
adverse events.

Moreover, application of fibrin glue had a synergistic
effect on the fistula closure (27). In this case series study we
evaluated the safety and efficacy of intra-fistula injections
of autologous BM-MSCs combined with fibrin glue for
treating refractory fistulas in five CD patients. Our data
indicated significant improvements in both CDAI and
PDAI scores; however, only one patient showed complete
closure and 60% of the subjects had a partial response. A
randomized double-blinded placebo-controlled trial was
conducted in 2016 to compare the impact of AD-MSCs
and normal saline on fistula closure. Although the data
showed significant improvement in PDAI scores, the
CDAI scores did not notably differ between the two groups
(28). In another study, patients with refractory CD had
local injection of 2x10° autologous AD-MSCs plus fibrin
glue or fibrin glue alone. The results showed more than
70% improvement in patients who received AD-MSCs
plus fibrin glue compared to 16% in the fibrin glue-alone
group (P<0.001) (29). Furthermore, a follow-up study
was done by this research group for 49 patients for 42
months. Complete closure was seen in 12 of 21 patients
who received autologous AD-MSCs plus fibrin glue and
in 3 of 13 who received only fibrin glue (30). In 2013,
Lee et al. (31) evaluated the effects of autologous AD-
MSC:s injection in 33 patients with fistulizing CD; almost
80% of the patients showed complete closure of the fistula
tract after just a single injection and approximately 90%
of them had no evidence of recurrence after 12 months. In
another study, five out of six patients showed incomplete
closure with 50% reduction in fistula drainage. Data from
another randomized, double-blinded, placebo-controlled
study that used allogeneic BM-MSCs in 21 patients with
refractory perianal fistulizing CD, demonstrated that
patients had healed perianal fistulas by week 12 after
the BM-MSCs injection that persisted up to week 24,
compared to those that received placebo. No significant
adverse effects were observed (32).

Currently, the most common challenge reported for stem
cell therapy in CD studies is patient recruitment. Furthermore,
compared to biological agents, the only disadvantage for the
cell-based therapeutic strategy is the invasiveness of local
administration of MSCs. In addition, this procedure has
no extra risk for an anal sphincter injury (25). Altogether,
it seems that patients with refractory fistulizing CD might
have benefited from BM-MSCs treatment. Nonetheless,
short term follow-up and the low number of patients were
the most notable limitations of this study. Larger sample size
or repeated injections of MSCs may lead to more improved
results in future studies.

Conclusion
We conclude that intra-fistula injection of BM-MSCs
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with fibrin glue is safe and effective in treating refractory
fistulas in CD patients.
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Abstract
Objective: Although cold storage of platelets (PLTs) could decrease the risk of bacterial growth, it could affect on the
PLTs viability and hemostatic function. At cold temperatures, trehalose can be used to substitute water, inhibit the
solid-liquid transition phase of the PLT membrane, and stop Glycoprotein Iba (GPIba) polymerization. In this study, we
evaluated the potential of trehalose for reducing the negative effects of cold storage on the apoptosis and the clearance
rates of PLTs after long-term storage at cold.

Materials and Methods: In this experimental study, PLT concentrates (PCs) were maintained for five days in the different
circumstances. PLTs were subsequently counted by using an automated hematology analyzer. Also water-soluble
tetrazolium salt (WST-1) assay was performed to estimate the viability of PLTs. The activity of lactate dehydrogenase
enzyme (LDH) was determined by a biochemical analyzer. And human active caspase-3 levels were measured by
using enzyme-linked immunosorbent assay (ELISA) method. Also, we applied flow cytometry technique.

Results: PLTs count and viability were higher, while LDH amount was lower in trehalose-treated PLTs when compared
with two other groups (P=0.03). The highest increase in the amount of caspase-3 levels in the PLTs was observed at
4°C. However, trehalose-treated and 4°C PLTs had a lower amount of active caspase-3 in comparison with 4°C PLTs.
The level of PS expression on PLTs was lower in the trehalose-treated PLTs in compared with the two other groups
(P=0.03). PLTs ingestion by HepG2 cells was enhanced in the 4°C-stored PLTs. However, the ingestion rate was
significantly reduced in the trehalose-treated PLTs on day 5 of storage (P=0.03).

Conclusion: Trehalose can moderate the effects of cold temperature on the apoptosis, viability, and the survival rate

of PLTs. It also decreases the ingestion rate of refrigerated PLTs in vitro.
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Introduction

Today, platelet (PLT) concentrates can be stored at 22°C
for less than five days before transfusion (1). This short shelf
life is because of the increase in bacterial contamination risk
(2, 3). Another significant issue is correlated with the room
temperature storage of PLTs’ that resulted in the PLTs’ loss
of function and PLTs’ structure changes, what is referred to
the PLT storage lesion (PSL) (4, 5). Cold storage of PLTs
can resolve several issues associated with 22°C- storage of
them (6). Investigations have shown that cold storage of PLTs
decreases the chance of bacterial contamination, reduces PLT
metabolic activity, and minimizes the release of biological
response modifiers (7-9). Many in vivo studies demonstrated
that cold stored PLTs have the better function in the decreasing
the bleeding time of patients with thrombocytopenia
and functional disorders when in comparison with room
temperature kept PLTs (10). However, due to the rapid
removal of PLTs from the patients’ bloodstream, use of cold-
stored PLTs has been stopped since the 1970s (11, 12). Studies
have indicated that storage of PLTs at a cold temperature for
short-term (<4 hours) leads to clustering of GPIb receptors.
Thereupon, and B2 integrins on the hepatic macrophages

(Kupffer cells) selectively recognize uncovered BGIcNAc
on the glycans within GPIb (13, 14). Moreover, prolonged
cold storage of PLTs (48 hours at 4°C) has resulted in many
changes such as increased galactose-terminated glycans on
the GPIb, which are bound to the asialoglycoprotein receptors
on the hepatocytes and thereby mediate PLTs clearance (15-
17).

New methods may help to prevent PLT phagocytosis
and protect the functional activity of refrigerated PLTs.
Trehalose is a non-reducing disaccharide that is found in
large amount in the nature. Some bacteria, fungi, plants
and invertebrate animals produce it as a source of energy.

Trehalose could preserve phospholipids, proteins,
and cells from damage (18). Trehalose is extensively
utilized as a biomacromolecular protective agent, which
is decomposed into the two molecules of glucose (GLU)
and has no side or toxic effects (19). At low temperatures,
trehalose can be used to replace water, prevent the solid-
liquid transition phase of the PLT membrane, and halt GPIba
polymerization. Hence, Trehalose is considered a satisfactory,
potential, and protective agent for PLTs low temperature
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storage (20). This sugar has been used as a cryoprotectant
to stabilize PLT membranes through lyophilization. In the
presence of Trehalose, lyophilized PLTs showed a longer
shelf life and a better recovery upon restoration (21-23).

Recent investigations revealed that Trehalose could inhibit
phagocytosis of cold temperature storage-PLTs by THP-1 cells
(24). However, the impact of Trehalose on the phagocytosis
and clearance of long-term stored-PLTs has remained unclear.
Accordingly, in this study, we evaluated the effect of Trehalose
on the ingestion rate of long-term stored-PLTs by HepG2 cells
as a model for hepatocyte cells in vitro. Also, the survival and
apoptosis rates of PLTs were also analyzed to evaluate the
effects of Trehalose on the PLTs stored at cold.

Materials and Methods
Collection and preparation of platelet concentrates

This experimental investigation was confirmed by
the College’s Bioethics Ethics Committee (IR.TML
REC.1396.004). In this study, PLT concentrates (PC)
bags (24 bags) (Macopharma, France) with sodium
citrate anticoagulant were collected by the Tehran Blood
Transfusion Center (TBTC), Tehran, Iran.

Different parameters including, PLT enumeration, mean
PLT volume (MPV), PLT distribution width (PDW), lactate
dehydrogenase (LDH), water-soluble tetrazolium salts (WST-
1), human active caspase-3, phosphatidylserine (PS), and the
ingestion rate of PLTs by HepG2 cells were evaluated before
adding Trehalose to the bags. Subsequently, utilizing a digital
balance (Sartorius, Germany) and a Terumo Sterile Connecting
Device (TSCD - II, Terumo Tubing welder, Japan), each PC
bag was divided into three equal parts. Trehalose (Sigma-
Aldrich, USA) with a concentration of 40 mg/ml was added to
one of the bags. The Trehalose-containing bag and the control
bag (without Trehalose) were transported to the refrigerator
(4°C) while the bag without Trehalose (third bag) was
kept at 22°C in a shaker- incubator. Since the usual storage
temperature for PLTs is 22°C, one of the controls was kept
at 22°C. It is worth mentioning that the second control bags,
(4°C+without Trehalose), and third control bags, (22°C), did
not receive any concentration of Trehalose.

Determination of the effective Trehalose concentration

Saccharomyces cerevisiae-derived Trehalose was
purchased from Sigma-Aldrich, USA. Trehalose powder
was mixed with saline, and several concentrations of
Trehalose (20, 30, 40, 50, and 60 mg/ml) were added to
PC bags. The PC bags were subsequently stored at 4°C
for five days without agitation. The aforementioned PLT
parameters were determined during the 5-day storage of
PLT concentrates.

Determination of PLT count, MPV and PDW

PCs were diluted in the phosphate-buffered saline (PBS,
M.P. Biomedicals, LLC, 1:2 dilution) and subsequently
applied for assessment of PLT count, MPV, and PDW by
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an automated hematology analyzer (Sysmex XT-2000i,
Kobe, Japan).

Evaluation of platelet bags for bacterial contamination

To examine probable bacterial contamination on day
1, the samples of all the bags were placed in a 37°C
incubator in the Thioglycollate medium for one week.
Then all samples were cultured on the blood agar.

Assessment of the PLT metabolic activity using WST-1
assay

WST-1 cell proliferation assay kit (WST-1, Cayman,
USA) was used to measure the activity of cellular
mitochondrial dehydrogenases in the PLTs. In this test,
the tetrazolium salt is changed to formazan by viable
PLTs; therefore, the result indicates PLTs viability rate.
Following diluted with PBS, 10x10° PLTs (100 pl)
were added into each well. Accordingly, 10 pl of the
WST-1 mixture was added to each well, and the plate
was incubated at 37°C in an incubator for 4 hours. The
absorbance of the samples was measured at 450 nm in a
microplate reader (Asys Expert 96, UK).

Lactate dehydrogenase measurement

LDH enzyme was used as a PLTs lysis marker. Utilizing
the pyruvate-lactate method, the LDH enzyme levels
were measured at 340 nm through a biochemical analyzer
(Hitachi 911, Japan) and LDH kit (Pars Azmoon, Iran).
The results of this parameter were analyzed by using the
relative standard curve method.

Human active caspase-3 evaluation

The human active Caspase-3 level was evaluated with
an enzyme-linked immunosorbent assay kit (Invitrogen,
USA). The kit sensitivity was 1.25 ng/ml. Based on the
producer instructions, cell extraction buffer was mixed
with 5x10% PLTs and then washed three times with the
PBS. The cell extraction buffer was then added to the pellet
and suspensions were incubated at room temperature for
15 minutes. After centrifugation at 4000g for 10 minutes,
the supernatant was collected in a clean tube. The ELISA
steps were performed according to the kit instructions.
After completing the reactions, the optical density of the
each sample was read at 450 nm and the concentration of
the samples as well as controls was ultimately determined
by using the standard curve of the kit.

Evaluation of phosphatidylserine surface exposure

Using Annexin V-FITC (Fluorescein isothiocyanate)
assay kit (Biolegend, USA) the surface exposure level
of PS was determined. Briefly, 1.5%10° PLT cells were
incubated in the 300 pl of annexin V binding buffer.
Adding 5 pL of FITC-labeled annexin V all samples were
incubated at 22°C for 20 minutes. Using the CyFlow
Space (Partec, Germany) all samples were evaluated by
flow cytometry technique.



Preparation of mepacrine-labeled platelets

Mepacrine (Sigma-Aldrich, USA) is an Acridine
derivative whose emission wavelength is within the range
of FITC. PLTs labeling, 20 pl of 20 mg/mL mepacrine
was added to the 5x10”7 PLTs to 30 pl PBS solution
and incubated for 30 minutes at ambient temperature.
Afterward, the PLTs were washed three times with PBS
by centrifugation at 1200 g for 15 minutes. Ultimately,
PLTs were prepared for adding to cultured HepG2 cells.

Ingestion of platelets by HepG2 cells in vitro

HepG2 cells (IBRC, Iran) were cultured in DMEM-F12
medium (Sigma, USA) supplemented with 10% fetal
bovine serum (FBS, Gibco, US). After the growth of the
HepG?2 cells, they incubated for 30 minutes in a serum-
free medium. Then, mepacrine-labeled PLTs (5x107)
were added to the each wells and incubated at 37°C for
30 minutes. Subsequently, the wells were washed three
times with PBS, and HepG2 cells were detached from
the culture plates by treatment with trypsin at 37°C for
2 minutes. The ingestion of mepacrine-labeled PLTs by
HepG?2 cells was evaluated by flow cytometry technique.
HepG2 cells containing the ingested PLTs were identified
by their green fluorescence related to mepacrine, and the
PLT adherence to HepG2 cells was differentiated from
ingested PLTs through PE- labeled anti-CD42b.

Statistical analysis

All data were statistically analyzed and processed by using
commercially available SPSS software (Version 22, IBM
Corporation, USA). Statistical analysis was performed by
Paired t test. P<(0.05 were considered significant.

Results
Determining the effective dose of Trehalose

The best dose of Trehalose was 40 mg/ml. In this dose,
PS exposure was less on the PLTs at all days of storage in
comparison to other doses. Also, according to the WST-1
assay, higher viability of PLTs was obtained at this dose
of Trehalose (Table 1).

Platelets count, size and width distribution

The count of PLTs reduced in all the study groups. The
rate of decrease in the PLTs count was less in the presence
of Trehalose. During storage, the order of PLTs count was
as follows: Trehalose treated PLTs (4°C) >Non-treated PLTs
(4°C) >Non-treated PLTs (22°C). The differences between
Trehalose-treated PLTs (4°C) and non-treated PLTs (4°C)
were not statistically significant, whereas, the differences
between non-treated PLTs (4°C) and (22°C) were statistically
significant (day 3, P=0.03, and day 5, P=0.01, Fig.1, Table 2).

MPYV and PDW parameters significantly raised in the non-
treated PLTs (4°C) group and Trehalose-treated (4°C) group
in compared with the non-treated PLTs (22°C) group. The
differences between Trehalose-treated PLTs (4°C) and non-
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treated PLTs (4°C) groups were statistically significant on
the fifth day of storage (P=0.03). At the 22°C, however, the
mean of MPV significantly reduced on the both days (3 and
5 days) of storage in comparison with the first day (P<0.05,
Fig1, Table 2).
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Fig.1: Comparative effect of cold, room temperature, and Trehalose on
the PLTs count, MPV, and PDW. A. The count of PLTs was reduced during
stored in all groups of investigation. Only, the differences between 4°C
PLTs and 22°C PLTs were statistically significant (day 3, P=0.03, and day
5, P=0.01). B. Different amount of MPV. C. Different amount of PDW. The
differences between Trehalose (4°C) PLTs and 4°C PLTs were statistically
significant on the fifth day of storage (P=0.03). PLTs; Platelets, MPV; Mean
PLT volume, PDW; PLT distribution width, *; P=0.03, and **; P=0.01.
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Table 1: Determine the effective Trehalose concentration

Trehalose Storage Platelet count (10°/uL) MPYV (fL) PDW (fL) Phosphatidyl- serine (%) WST-1(OD ,,, nm)
concentration days
(mg/ml) n=4
4°C 4°C+trehalose  4°C 4°C+trehalose 4°C 4°C+trehalose  4°C 4°C+trehalose  4°C 4°C+trehalose
20 3 685+ 101 714+ 111 7.9+0908 7.7+0.945 82+0.866 8.1+0.901 259+£3.92 245+3.17 0.285+£0.063 0.252+0.059
5 720+ 193 788 + 149 82+0918 8+0.961 83+0.958 8+0.983 132£3.72 11.6+2.75 0.324+£0.096 0.349+0.103
30 3 675+109 685+ 118 79+0.752 7.8+0.805 82+0.784 8.1+0.815 198+4.15 17+3.64 0.295+£0.084 0.314+0.095
5 705 + 122 781+ 133 9.7+£0.958 9.5+0.999 10.8+0.805 10.7+0.819 129£3.01 9.2+£2.65 0.684+£0213 0.874+0.169"
40 3 669 =99 975+ 121* 94+0.837 93+0.858 10.5+0.818 10.3+0.858 20.8+4.75 11.7+3.01" 0.512+0.145 0.800+0.141"
5 725+ 135 915+ 141" 8.1+0901 7.9+0.927 85+0912 83+0.939 114+£328 9.7+£255 0.519+£0.139  0.608 +0.128"
50 3 725+97 747+ 82 79+0.799 7.7+0.817 82+0.738 8.1+0.768 26.8+3.95 24.7+3.32 0.342+£0.103 0.380+0.088
5 842 + 105 856+ 93 84+0.808 82+0.818 8.7+£0.795 8.6+0.804 19+£2.96 17.2+£3.10% 0459+0.111 0.526+0.111"
60 3 682+ 117 703 +101 8.1£0933 7.9+0.957 79+£0902 7.7+0.937 31.5+4.05 289+3.88" 0.301£0.097 0.352+0.102
5 685+ 125 714+ 121 79+0989 7.7+0.991 82+0.967 8.1+0.998 259+3.54 245+3.67 0.285+£0.072  0.252+0.069

Data are presented as mean + SD. All data were statistically analyzed and processed by using commercially available SPSS software (version 22). MPV;
Mean platelet volume, PDW; Platelet distribution width, and WST1; Water soluble tetrazolium salt, and *; P=0.03.

Table 2: The mean + standard deviation for different parameters of platelets during the storage at different days and conditions

Study variables Day 1 Day 3 (4°C) Day 3 Day 3 (22°C) Day 5 (4°C) Day S Day 5 (22°C)
(n=12) (4°C+Trehalose) (4°C+Trehalose)

Platelet count (103 933 +240 803 +234 823 + 141 667 +240 697 £216 705 +202 396 + 180
)

MPV (fL) 8.24+£0.958 8.47+0.785 8.41+£0.880 7.89 £ 0.402 8.64+£0.951 848 +£1.037 7.04+£0.731
PDW (fL) 9.36+1.295 10+ 1.454 9.87 +1.581 9.25+0.810 10+ 1.488 9.52+1.533 7.34+0.985
LDH (U/L) 295+42.10 394 £47.53 352 +54.64 1990 + 499 485 +£40.89 439 +55.52 3087 + 635
WST1 (OD 450 0.718+0.256  0.594+0.281 0.631+0.274 0.26 +0.939 0.438 +0.81 0.504+0.113 0.221+0.74
nm)

Phosphatidylserine ~ 5.33 £2.22 10.69 +3.75 9.53+3.84 54.79 £ 16.09 19.914+5.22 16.82+7.05 75.83+7.30
(%)

active caspase-3 0.579+0.172 1.657 £0.492 1.377 £ 0.668 0.958 +0.538 2.181+0.722 1.930 £+ 0.586 1.267 +£0.593
(ng/ml)

HepG2 ingest (%) 19.79+1545  3632+18.01 38.61 £23.33 31.71+£20.85 37.58+ 15.88 30.33 +12.06 32.35+12.10

MPV; Mean platelet volume, PDW; Platelet distribution width, LDH; Lactate dehydrogenase, and WST1; Water soluble tetrazolium salt.

Cell J, Vol 24, No 2, February 2022 72



Evaluation of platelet bags for bacterial contamination

The results of bacterial culture on the Thioglycollate
and Blood agar media were evaluated showed no effect
of contamination.

The metabolic activity of platelets by WST-1 assay

The metabolic activity was proportional to the PLTs
viability. It was diminished during storage in the all
groups, and the highest decrease was observed in the PLTs
storage at 22°C. The metabolic activity of PLTs was well
maintained in the presence of Trehalose (4°C) compared
with 4°C-kept PLTs, and the differences were statistically
significant (P=0.03, Fig.2, Table 2).
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Fig.2: Effect of cold, room temperature and Trehalose on the lactate
dehydrogenase (LDH) activity and the metabolic activity and the
survival (WST1) amount of the platelets in different days of storage. A.
The differences Wst1 results between Trehalose (4°C) PLTs and 4°C PLTs
were statistically significant (P=0.03). B. LDH level was higher at room
temperature (22°C) in comparison with 4°C (P<0.05). LDH in the PC bags
was lower in the presence of Trehalose at 4 °C; the difference with 4°C
groups was statistically significant (P=0.03). *; P=0.03 and ***; P=0.001.

The platelets lactate dehydrogenase levels
The LDH value of PC bags was increased during
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storage in the all groups, and it was significantly higher
at room temperature (22°C) in comparison with non-
treated PLTs (4°C) and Trehalose-treated (4°C) groups
(P=0.001). It is important to regard that the lowest value
of LDH was observed in the Trehalose-treated PLTs
(4°C) and the difference was statistically significant
in comparison with non-treated PLTs storage at 4°C
(P=0.03, Fig.2, Table 2).

Human active caspase-3 levels in the platelets

The level of human active caspase-3 was increased
in the PLTs in all groups. Also, a higher increase was
observed in the non-treated PLTs (4°C) group. There
was a significant difference in active caspase-3 levels
between PLTs stored at 4°C in the presence and absence
of Trehalose on the fifth day of storage (P=0.03, Fig.3,
Table 2).
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Fig.3: Effect of the temperature and Trehalose presence on the active
caspase-3 levels and the exposure level of PS in the platelets during
storage. A. There was a significant difference in active caspase-3 levels
between 4°C PLTs stored with and without Trehalose at the fifth day of
storage (P=0.03). B. The exposure level of PS was significantly lower in
the presence of Trehalose (4°C) on day 5 in comparison with 4°C groups
(P=0.03). PS; Phosphatidylserine, PLTs; Platelets, *; P=0.03, **; P=0.01,
and ***; P=0.001.
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Effects of Trehalose on The Viability of Platelets

The exposure level of phosphatidylserine on the
platelets

During the storage time, the surface exposure of PS
increased in the all groups. The level of PS exposure was
significantly lower in the Trehalose-treated PLTs (4°C)
on the 5™ day in comparison with the non-treated PLTs
(4°C, P=0.03). Also, the differences in the PS exposure
between PLTs storage at 22°C group and other groups
were statistically significant (P=0.001, Fig.3, Table 2).

Ingestion of the refrigerated platelets by HepG2 cells

PLTs storage at cold temperature caused an increase
in the PLTs ingestion rate by HepG?2 cells in comparison
with PLTs stored in 22°C during 5-day storage. Trehalose
caused a lower clearance rate for 4°C storage PLTs by
HepG2 cells in compared with 4°C storage PLTs in the
absence of Trehalose, and the differences were significant
on the fifth day of storage (P=0.03, Fig.4, Table 2).

Percent

Fig.4: Trehalose effect on the ingestion of platelets by HepG2 cells during
storage in the different groups of study [22°C, non-treated PLTs (4°C) and
Trehalose-treated (4°C)]. The differences were significant at the fifth day of
storage (P=0.03). *; P=0.03.

Discussion

In this investigation, the impact of Trehalose on the
viability, apoptosis, and the clearance rate of PLTs
was evaluated during 5-day PCs storage. We found
that Trehalose could provide protective effects on the
4°C-storage PLTs. Trehalose could reduce the ingestion
rate of the refrigerated PLTs by HepG2 cells through
preventing PS exposure and caspase-3 activity. It was also
able to keep better the viability and metabolic activity of
the refrigerated PLTs.

Based on the results of this study, PLTs enumeration
reduced during storage in the all of our groups. However,
the highest reduction in the PLTs counts was observed
in the PLTs stored at 22°C. In Trehalose-treated PLTs,
the PLTs counts were higher and better preserved than
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our other groups. However, the differences were not
statistically significant. The results of this study were
consistent with the results reported in our previous
research as well as findings published by Handigund et
al. (25-27). They showed that PLTs count diminished
in both room temperature and 4°C during storage (25).
Additionally, it was in line with the results obtained by
Wang et al. which showed PLTs treated with PLT additive
solution and Trehalose had a high count during storage at
10°C (28).

According to this study, PLT survival decreased during
storage. The lowest viability was observed in the PLTs
maintained at room temperature, whereas the highest
viability was seen in the Trehalose-treated PLTs (4°C).
The results of this investigation showed that Trehalose
could preserve the survival rate of PLTs.

Additionally, in this study, we indicated that the
LDH activity was lower in Trehalose-treated PLTs
(4°C) compared to non-treated PLTs (4°C) and room
temperature (22°C) PLTs. The highest enzyme activity
was observed in PLTs maintained at 22°C on the both
days (3 and 5 days) of storage. One of the essential agents
in preserving the quality and survival of PLTs in PCs
is the low amount of LDH released into the bag during
storage (29). The results of this study are consistent with
findings of Dasgupta et al. (30) research regarding the
effects of cold temperature and Trehalose on the reducing
LDH levels in the stored PLTs.

As Marini et al. (12) reported, PS exposure on PLTs
is an essential indicator of apoptosis. The result of this
study showed that exposure of PS in the Trehalose-treated
PLTs was lower than those of other groups of study. In
consistent with our findings, Liu et al. (24) demonstrated
that Trehalose could reduce PS expression levels on the
PLTs when maintained at low temperature.

This study also showed an increase in the caspase-3
levels in the all groups during the 5-day storage of PLTs.
This finding corroborates the results obtained by Quach
et al. (29) and Perrotta et al. (31). In the PLTs treated
with Trehalose, the level of caspase-3 was lower than
other groups. These results were also consistent with the
findings of Liu et al. (24).

We also investigated the effect of Trehalose and cold
storage on the ingestion rate of PLTs by HepG2 cells.
According to our findings, PLTs ingestion increased in the
all groups during storage. However, the lowest increase in
the PLT ingestion was related to the PLTs stored at 22°C.
This finding was consistent with the previous reports (14,
32). We observed an increase in the PLTs ingestion by
HepG2 cells during 5-day storage in the cold temperature.

However, the Trehalose-treated PLTs had a lower
uptake than the non-treated PLTs. This might be due to
the protective effect of Trehalose on the phospholipids,
proteins, and cells against cold storage-mediated
damages (18).



Our results were in line with the study of Liu and
co-workers (24). Although Liu et al. stored PLTs for a
short period in the cold temperature, they showed that
removal of PLTs by THP1 cells reduced in the presence of
Trehalose. These findings support the protective effects of
Trehalose for the PLTs in the PCs during storage at 4°C.

Conclusion

Trehalose could moderate the effects of cold temperature
on the apoptosis and survival of PLTs. It also decreased
the ingestion rate of long-time refrigerated PLTs in vitro.
Further studies with more sample numbers are required
to demonstrate the effect of trehalose on the reducing the
clearance rate of PLTs.
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Abstract
Objective: Acute myeloid leukemia (AML) is characterized by abnormalities of differentiation and growth of primary
hematopoietic stem cells (HSCs) in the blood and bone marrow. In many studies, miR-625-5p has been shown to inhibit
downstream pathways from affecting the metastasis and invasion of the integrin-linked kinase (ILK) signaling pathway.
It has been proved that the expression of miR-625-5p decreases in AML cell lines. This study aimed to investigate the
effect of miR-625-5p upregulation on the invasion of KG1 ell line in vitro.

Materials and Methods: In this experimental study, we investigated the impact of upregulation of miR-625-5p on
invasion via the ILK/AKT pathway in the KG1 cell line. After transfection using the viral method, the cellular invasion
was assessed by invasion assay and the levels of miR-625-5p genes and protein were evaluated by quantitative
polymerase chain reaction (QPCR) and western blotting. Moreover, CXCR4 level was assessed by flow cytometry.

Results: The invasion significantly reduced in MiR-625-5p-transfected KG1 cells (P<0.01) that was concomitant with
remarkably decreasing in the expression levels of ILK, NF-kB, and COX2 genes compare with the control group
(P<0.01). Incontrast, MMP9, AP1, and AKT significantly increased (P<0.01, P<0.001 and P<0.01, respectively) and
GSK3B did not change significantly in MiR-625-5p-transfected KG1 cells. The protein level of NF-kB decreased
(P<0.01) and MMP9 increased, however it was not significant. Moreoever, the expression of CXCR4 was significantly
lower (P<0.01) in comparison with the control group.

Conclusion: miR-625-5p leads to a reduction in cell invasion in the AML cell line through ILK pathway. Therefore, it
could be a breakthrough in future AML-related research. However, further studies are needed to support this argument.
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Introduction

Acute myeloid leukemia (AML) is a heterogeneous
class of aggressive hematopoietic malignancies with
abnormal hematopoietic stem cells (HSCs) in the blood
and bone marrow. AML leads to dysregulation and
activation of cellular cascades such as invasion and
migration. Invasiveness and resistance to therapy are
two main issues that challenge research and treatment of
refractory cancer (1). Some mechanisms of invasion and
migration are cell migration and motility, extracellular
matrix (ECM) destruction, and interaction with stromal
and other cells (2).

The main problem is that the tumor cells, unlike
normal cells, do not stop the signaling pathways to
end this process, leading to the emergence of invasion
(3). The majority of patients are not treated fully, and
therefore identification of the mechanisms involved in
AML invasion may culminate in innovative therapeutic
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methods, improve the treatment rate and reduce the rate of
recurrence. Many studies have been conducted on AML,
but the complex molecular mechanisms of the disease
invasion and progression have not yet been adequately
identified and further studies are needed to investigate
this subject (4).

Much evidence has revealed dysregulation of
microRNAs expression in cancer cells, so that miRNAs
serve as tumor suppressors or oncogenes in cancer (5).

MiR-625-5p dysfunction has been identified in many
diseases, often with reduced expression of the microRNA.
This molecule can suppress various tumors, such as
hepatocellular carcinoma, breast cancer, gastric cancer,
and acute lymphocytic lukemia (ALL) (6). The increased
expression of this miR can inhibit the proliferation and
invasion of cancer cells. It has been confirmed that miR-
625-5p expression decreases in AML cell lines (7).



Upregulation of miR-625-5p in gastric cancer
significantly suppresses cell invasion and metastasis. ILK
is a target gene of miR-625-5p that regulates cell invasion
and metastasis. The integrin signaling pathway plays a
crucial role in mediating the interaction between cells
and the ECM. The ligand of ILK binds to the integrin and
initiates out-to-inside signals by modulating the changes
in various intracellular pathways including the expression
of the genes MMP9 and NF-kB contributed in cell
migration and invasion (8, 9).

ILK contributes substantially to regulating anchorage
cell survival and growth, cell cycle progression, the
epithelial-mesenchymal transition, invasion, and
migration as well ascell movement. The invasion of the
ILK signaling pathway occurs through two pathways:
the GSK3B-Apl-MMP9 signaling pathway and the
AKT- NF-kB-COX2 pathway (10).

ILK activity increases in many cancers, and
therefore ILK inhibitors have been identified that
contribute to cancer treatment by inhibiting cell
invasion, proliferation and survival so far (11, 12). It
has also been demonstrated that this miR y, can control
the downstream pathways by influencing the ILK
signaling pathway and thus involved in the invasion
and metastasis of cancers (8, 13).

Increased expression of miR-625-5p leads to
induction of apoptosis and reduction in migration
and invasion in AML by decreasing oncogenes.
Studies on ILK gene expression throughout miR-
625-5p’s exerting effect on AML cell and changes in
the expression of proteins involved in invasion and
metastasis have increased our understanding of how
this miR and its target genes in various processes lead
to leukemia in the bone marrow.

This study investigated the effect of miR-625-5p
upregulation on the invasion of AML cell in vitro.
Finally, the mechanism of effect of miR-625-5p of
KG1 cell line invasion is evaluated, and mRNA and
protein levels of factors involved in the invasion,
are measured through the ILK signaling pathway,
including COX2, NF-KB, GSK3p, MMP9, AP1, and
ILK.

Materials and Methods
Cell lines and cell cultures

In this experimental study, mycoplasma-negative KG1
human cells were purchased from the Pasteur Institute
(Tehran, Iran). The KG1 cell line was taken from a patient
with erythroleukemia in the myeloblastic phase and
has the phenotype and function of myeloblasts. Human
embryonic kidney 293 T cells were obtained from the
Royan Institute (Tehran, Iran).

KGI cell lines were cultured in RPMI1640 medium
(Gibco-BRL, Eggenstein, Germany) containing10% fetal
bovine serum (FBS, Gibco BRL, USA) and 1% penicillin/
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streptomycin and 2mm L-glutamine (Gibco, Germany )
and in the presence of 5% CO, at 37°C.

HEK cells were cultured in Dulbecco’s Modified Eagle
Medium (DMEM ,Gibco-BRL, Eggenstein, Germany)
with 15% FBS at 37°C and 5% CO.,. Every two days, the
cell lines medium was changed.

This study was ethically coded and approved by
Tehran University of Medical Sciences (IR.TUMS.SPH.
REC.1395.837) and Royan Institute (IR. ACECR.ROYAN.
REC.1397.41).

Plasmid construct and extraction

The  pLentilll-premiR-625-5p-GFP  expression
vector constructs and pLentilll-Backbone-GFP were
purchased from the Bonyakhte Institute (Tehran, Iran).
Vector-harboring E. coliDHS5a strain was grown in
an incubator for 24 hours to produce a single colony
on an LB agar medium (Thermo Fisher Scientific,
USA) containing ampicillin at a concentration of
50 mg/ml of culture medium. One hundred pl of the
culture containing bacteria purchased in Falcon tube
was cultured in 300 ml of LB Broth (Thermo Fisher
Scientific, USA) containing antibiotics and ampicillin,
and placed inside a shaker incubator at 37°C for 12-16
hours. The plasmid was extracted by using Gene All
Exprep™ Plasmid Kit (Gene All, Dongnam, Songpa-
gu, Macherey-Nagel, Korea).

Confirmation of plasmid structure of pLentillI-miR-
625-5p-GFP and pLenti-backbone-GFP

To confirm the presence of miR-625-5p, we first
retrieved the sequence file for miR-625-5p and the
backbone using the Snap Gene program and the gene
bank. miR-625-5p restriction enzymes, called BamH1
and EcoR1(Bonyakhte, Iran). Solutions contain of vector
and enzymes that were first placed in a 37°C incubator
for 4-6 hours run On the 1% electrophoresis gel (Merck,
Germany). Then the plasmids were electrophoresed with
a 1 kb marker size (Gibco BRL, USA) on 1% agar gel.
After 45 minutes, plasmids were digested and identified
by a gel document (Syngen, England).

Transient transfection

The concentration of fresh KG1 cells was maintained
at 0.5-1.5x10° cells/ml. 5.0x10° from the cell subcultures
were transfected with 5 ug miR-625-5p and Backbone
vector using the viral transfection according to the
respective protocol. First, we added gelatin 1% into the
plate and placed it in the incubator at 37°C for 1 hours.
After the removal of gelatin, the complete medium was
added. 293T cells were counted and added drop by drop
on the culture medium inside the plate,the supernatant was
removed after a night and the new medium was added.
At this step, we produced a transfection solution such as
DMEM low glucose media, packaging vector PD and PS
(Bonyakhte, Iran), miR-625-5p or backbone plasmid, PEI
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(Bonyakhte, Iran) and incubated at room temperature.
We added the transfection solution to the cells, and after
6-12 hours, removed the supernatant and added preheated
media. Twenty four hours later, the first virus was extracted
and the complete medium was added to the cells again. 48
hours later, the second step of the virus production was
performed. At this step, we centrifuged the viruses at
37565 g and 4°C for 2 hours and dissolved them in
RPMI1640 media. The virus was finally added to KG1
cell line and 48 hours after transfection, the Survival
rate efficiency was investigated by flow cytometry.
Transfection was performed on two cell groups
(Backbone and Mir-625-5p) with three replications.
After 48 hours of transfection, the transfected cells
were collected for further assay.

Sorting green fluorescent protein expressing cells

First, the supernatant was isolated from the cells
using centrifugation at 250 g for 5 minutes. Then, the
cells were rinsed with dulbecco’s phosphate-buffered
saline (D-PBS) solution and finally centrifuged at
250 g for 5 minutes. Then PBS with 1% bovine serum
albumin (BSA) was added, and the cells expressing
GFP were isolated using Ariya FACS sorting (Becton
Dickinson, Belgium),

Functional assay
Invasion assay in vitro

We applied transwell inserts (24 well inserts, 8 pm
pore size Millipore, USA) to gain the effect of miR-
625-5p on the invasion of AML cells in vitro. the
inserts were coated with ECM gel (BD Biosciences,
Bedford, MA) for one night. Briefly, 2x10° cells were
resuspended in serum-free medium and were dumped
in the upper chambers as duplicates. The bottom
chamber was incubated via RPMI1640 containing 20%
FBS as absorbent (chemotactic) overnight to perform
an invasion test.

Upon completion of the experiment, the cells that have
remained on the upper surface of the membranes were
removed and finally, the invasion cells to the bottom
chamber were centrifuged at 250 g for 5 minutes.Then,
the supernatant was removed and were counted on the
neo-bar slide that were approximately 7x103.

The underlying cells of the insert were also fixed with
4% paraformaldehyde and stained with 0.1% crystal
violet. Randomly five visual fields were counted from
each insert using an optical microscope (14).

Flow cytometry

A total of 2-3x10° cells were rinsed with D-PBS
solution and then incubated with CXCR4-PE (Santa
Cruz Biotechnology. Inc, USA). Identical iso-type
antibodies were used as a control (IgG2ok, PE-
conjugated, Santa Cruz Biotechnology. Inc, USA) for
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30 minutes at 4°C.

Cells were analyzed using a FACS flow cytometer
(Becton-Dickinson). Analysis of CXCR-4 expression
in GFP-positive KG1 gametes, GFP-positive KG1
cells were gated in a SSC/FL-3 dot plot.

AFL-1/FL-2 dot plot was applied for further analysis
of GFP-positive KG1 cells. Mean fluorescence intensity
was measured with reference to the fluorescence
histogram and presented as corresponding units (15).

RNA extraction and ¢DNA synthesis

Total RNA was extracted from the KGI1 cell line
using Trizol (Invitrogen, Carlsbad, CA, USA)
reagent 48 hours after transfection based on the
manufacturer’s protocol. RNA quality was then
determined by electrophoresis and DNA extraction
was performed using a fermentase kit (Fermentas,
Lithuania) to remove any remaining DNA according
to the manufacturer’s protocol. cDNA of the whole
RNA was synthesized by cDNA synthesis kit (Royan
Biotech, Tehran, Iran) and miR-625-5p by another
CDNA synthesis kit (Bonyakhte Tehran, Iran) (16).

Quantitative polymerase chain reaction for miR-625-
5p expression

The reverse and forward primers with the stem-loop
primers were designed for cDNA synthesis and miR-
625-5p qPCR according to the procedure of Chen et
al. (17).

The expression level of miRNA was assessed by
miRNA diagnostic kit (Bonyakhte, Iran) using the
gRT-PCR stem-loop method. U6 RNA (snord47) was
used for normalization. Finally, the relative expression
ratio of miR-625-5p was determined by 244CTin
triplicate (13).

Quantitative polymerase chain reaction for genes
expression

ILK and NF-kB as direct targets and AKT, GSK3p, AP
(c-FOS), MMP-9, COX2 as indirect targets of miR-625-
5p, were determined using the miRNAs target prediction
site (http//: miRtarbase.mbc.nctu.edu.tw) and according
to the study of Wang et al. (8). Gene primers were then
designed and blasted for using Primer Premier 5 software
(Premier Biosoft International, USA) and Gen Runner
software (ver.5.1). GAPDH was used a reference gene
(Table 1).

To detect ILK, AKT, GSK3f, AP1, MMP-9, NF-kB,
COX2, and GAPDH transcription levels, cDNA was
made from the total RNA using SuperScript 111 First-
Strand Synthesis System and then measured using
Takara SYBR PCR Green Kit (Takara Bio Inc., Shiga,
Japan).

The expression levels of ILK, AKT, GSK3p, API,
MMP-9, NF-xB and COX2 mRNA were normalized to



GAPDH mRNA level. Target genes relative expression
ratio was calculated by the 24T method in triplicate.

To plot the standard curve of the primers, we prepared
their 1:5 to 5 titrations in distilled water and placed
them in the ABI StepOnePlus device to determine the
CT. The qRT-PCR reaction (ABI StepOnePlus) was
used to measure gene expression changes (8).

Western blotting analysis

After 48 hours, cell lines transfected with miR-625-
5p and backbone vector were cultured and rinsed three
times with cold PBS solution.

Total protein was extracted from cells by trisol
(Invitrogen, Carlsbad, CA, USA) and cell lysis buffer
(Biyuntian Biotechnological Co., USA). The protein
concentration of the lysate was calculated from the
standard line of BSA.
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First 5 pl protein was boiled at 95°C for 5 minutes
and then cooled on ice. Then it was run on an SDS-
PAGE gel (Millipore, USA) to determine its quality
and electrotransferred to PVDF membrane (Life
Science, Amersham, Braunschweig, Germany).
Membranes were blocked by non-fat dry milk (w/v)
and then immunoblotted with anti-NF-kB-p65
(Abcam, Inc., Cambridge, MA, USA) and anti-
MMP-9 (Santa Cruz Biotechnology. Inc, USA) at 4°C
overnight (dilutions 1: 200 and 1: 700, respectively),
followed by horseradish peroxidase-conjugated rabbit
(Abcam, Inc., Cambridge, MA, USA) and goat (Santa
Cruz Biotechnology. Inc, USA) secondary antibodies
(dilution1:3000) incubated at room temperature for
one hour. NF-kxB and MMP-9 protein bands were
visualized with ECL (Kodak Image Station; New
Haven, CT, USA). The band densities were analyzed
to use Image J software (n=3) (18).

Table 1: The list of primers used in quantitative real time polymerase chain reaction analysis

Genes Primer sequence (5°-3") Length  Annealing Reference
temp.(°C)

miR-625-5p StemloopRT: 503 60 http://www.mirbase.org/
AGGGUAGAGGGAUGAGGGGGAAAGUUCUAUAGUCCUGUAAUU
AGAUCUCAGGACUAUAGAACUUUCCCCCUCAUCCCUCUGCCCU
F: CTCTGCTTGACTGTGCTG
R: TACCAGAACCTAACCAACTG

SNORD 47 StemloopRT: GTCGTATGCAGAGCAGGGTCCGAGGTAT 71 60 Designed by AlleleID and oligo sofware
TCGCACTGCATACGACAACCTC
F: ATCACTGTAAAACCGTTCCA
R: GAGCAGGGTCCGAGGT

GAPDH F: AGGGTCTCTCTCTTCCTCTTGTGC TCT 224 60 Designed by AlleleID and oligo sofware
R: CCAGGTGGTCTCCTCTGACTTCAA CAG

ILK F: CACCTGCTCCTCATCCTACTC 209 60 Designed by AlleleID and oligo sofware
R: CTCATCAATCATTACACTACGGCT

AKT F: AACGAGTTTGAGTACCTGAAGC 204 60 Designed by AlleleID and oligo sofware
R: GTACTTCAGGGCTGTGAGGA

GSK3p F: AGTGGTGAGAAGAAAGATGAGGT 207 60 Designed by AlleleID and oligo sofware
R: GAGGTTCTGCGGTTTAATATCCC

MMP-9 F: CAAGGATGGGAAGTACTGGC 117 60 Designed by AlleleID and oligo sofware
R: TCCTCAAAGACCGAGTCCAG

NF-xB F: ACTGCCCAATTTAACAACCTG 220 60 Designed by AlleleID and oligo sofware
R: CATCACTGGCTCTAAGGAAGG

cox? F: ACCAATTGTCATACGACTTGCAG 197 60 Designed by AlleleID and oligo sofware
R: AAGGATTTGCTGTATGGCTGAG

C-FOS (AP1) F: TCGGGCTTCAACGCAGAC 85 60 Designed by AlleleID and oligo sofware

R: GAGTGGTAGTAAGAGAGGCTATCC
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Statistical analysis

In this study, the GraphPad Prism software (V.7, GraphPad
Software, Inc., San Diego, CA) was employed to conduct
statistical analysis. The results of our tests were analyzed with t
test and ANOVA. The data were expressed as mean + standard
deviation (SD). The significance level P<0.05 was considered
statistically significant. In the charts, the P<0.05 shown with
a star (*), P<0.01 shown with two stars (**), P<0.001 shown
with three stars (***), and P<0.0001 shown with four stars
(***%*), All the experiments were repeated three times.

Results
Transfected and overexpression of miR-625-5p in KG1 cells

To study the impact of miR-625-5p on the regulation of
ILK, AKT, GSK3p, AP1(C-FOS), MMP-9, NF-xB, COX2,
and finally invasion in KG1 cells, the cells were first
transfected with premiR-625-5p and backbone expression
vectors construct by viral transfection followed by
detection of invasion.

Fluorescent microscope (Fig.1A) and flow cytometry
analysis confirmed the efficacy of transfection after
48 hours (Fig.1B) where around 60% of the cells were
transfected. The ¢RT-PCR showed a significantly
increased miR-625-5p expression in the cells after 48
hours of transfection (Fig.1C). MiR-625-5p expression
was approximately 27-fold higher than that of backbone
vector-transfected cells (P=0.01).

miR-625-5p expression reduced cell counts after
transfection

After adjoining the virus to the cells, the number o cells,
and cell viability were studied after 24 and 48 hours of the
transfection. After 48 hours, it was observed that the average
number of cells and viability percentage reduced in miR-625-
Sp-transfected cells compared to the backbone group (P<0.01).

The association of miR-625-5p expression with the
invasive activity of acute myeloeid leukemia cell line

To figure out the association of miR-625-5p with cell
invasion, cellular invasion in the KG1 cells was evaluated by
transwell insert 48 hours after transfection. As illustrated in
Figure 2A and B, the count of cells attached to the filter bottom
decreased in cells treated with miR-625-5p. The number of
miR-625-5p transfected KG1 cell line was lower than that
of Backbone transfected cells. The count of these cells was
approximately 0.6% fold lower than control (Fig.2C, P<0.01).

Overexpression of miR-625-5p reduced CXCR-4
expression in the surface of the KG1 cell

The CXCR-4 surface marker was examined using flow
cytometry with an antibody attached to the PE as a marker
of invasion. As illustrated in Figure 3A and B, the count of
miR-625-5p transfected KG1 cell line was lower than that
in backbone transfected cells. The count of cells transfected
with pre miR-625-5p expressing CXCR was around 13.7%
lower than Backbone vector-transfected cells (Fig.3C).

Cell J, Vol 24, No 2, February 2022

fold change
(miR-625/ snordd’

miR-625

Backbone

Fig.1: GFP expression in 293T cell and KG1. A. GFP expression in 293Tcell
and KG1 after 48 hours by Fluorescent microscope. 293T cells as controls
for GFP expression (a, b), KG1 cells without and with GFP expression
(c), KG1 cells expressing GFP positive (d). B. Virus-free control cells
with 82% viability (a) and cells with 10 ul of concentrated virus and
7% GFP expression (b). Cells with 20ul of concentrated virus and 34%
GFP expression (c). Cells with 50 pl of concentrated virus and 43% GFP
expression (d). Cells with 70 uL of concentrated virus and 66% GFP
expression (e). Cell with 90 pl concentrated virus and 67% GFP expression
(f) and cell with 120 pl concentrated virus and 66% GFP expression (g).
Based on the percentage of expression GFP, the amount of concentrated
virus was found to have a constant expression at 70, 90 and 120 pl. C.
Confirmation of miR-625-5p expression in KG1 cells after transfection
by qRT-PCR. KG1 cells were transfected with pre miR-625-5p expression
vector construct or Backbone. The expression of the miR-625-5p in the
KG1 cells transfected with the recombinant vector was considerably
higher than Backbone after 48 hours (**P<0.01). GFP; Green fluorescent
protein and gRT-PCR; Quantitative real time polymerase chain reaction.
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Fig.2: Effect of miR-625-5p overexpression on invasion in kG1 cells 48
hours post-transfection. The transfected KG1 cells were treated with
invasion assay (transwell insert) and followed by count. Invasive cells
and connected to bottom the filter. A. Cells transfected with backbone
(scale bar: 100 um). B. Cells transfected with miR-625-5p (scale bar: 100
pum). Overexpression of miR-625-5p in KG1 cells significantly decreased
the invasive cell compared to Backbone. C. There was a significant 0/6%
reduction in the invasive cells transfected with miR-625-5p construct
(**P<0.01).
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Fig.3: Effect of miR-625 overexpression on cells expressing CXCR-4 in KG1
cells 48 hours post-transfection. The transfected KG1 cells were treated
with Antibody CXCR-4-PE and followed by flow cytometry analysis.
A. In the KG1 cells transfected with pre miR-625-5p-GFP construct,
approximately 13.7% of cells became CXCR-4-PE positive. B. About 27.5%
of KG1 transfected cells with Backbone-GFP showed CXCR-4-PE positive.
C. Overexpression of miR-625-5p in KG1 cells significantly decreased cells
expressing CXCR-4compared to Backbone (**P<0.01).

ILK and NF-xB are potential downstream targets of
miR-625-5p

To figure out the miR-625-5p-mediated invasion
molecular mechanism in KG1 cells, we identified the
targets of miR-625-5p. The sequence analysis of ILK
demonstrated that ILK harbored potential miR-625-5p
target sites at 136-143nt, which are the ILK 3'UTR, and
the sequence analysis of NF-kB indicated that NF-xB
harbored potential miR-625-5p target site 3'UTR of the
microRNA.orgsite. Regarding the correlation of miR-625-
5p to ILK, the ILK and downstream oncogenes mRNA
levels were measured in the KG1 cell line. Cell mRNA
was used 48 hours after transfection to evaluate changes
in the expression of ILK, AKT, GSK3p, C-FOS (API),
MMP-9, NF-xB genes using qRT-PCR (Fig.4). Our results
from qRT-PCR demonstrated that the expression of ILK,
as the main target at the mRNA level, was dramatically
reduced in KG1 compared with the Backbone-transfected
KGT1 cell line. The expression of /LK in these cells caused
a significant decrease (0.53 times lower than Backbone
group) (P<0.01). The expression of the NF-xB and
COX2 genes decreased [0.55 (P<0.01), 0.32 (P<0.001),
respectively] and the expression of genes MMP-9, C-FOS
(AP1) and AKT increased [1.36 (P<0.01), 3 (P<0/001)
and 1.43 (P<0.01), respectively]; however GSK3p did not
show a significant change (0.85 with P>0.05).

81

Samieyan Dehkordi et al.

Backbone
47 B miR-625
3
2- dedk

*k

Fold change

ns

I

)
]

&
|

s
&

Fig.4: Expression of ILK, AKT, GSK38, AP1, MMP-9, NF-kB genes by
gPCR. KG1 cells transfected either with the premiR-625-5p construct or
Backbone vector followed by expression evaluation ILK, AKT, GSK38, AP1,
MMP-9, NF-kB genes 48 hours after transfection. Overexpressed miR-625-
5p resulted in downregulation of /LK, NF-kB and COX2 expression and
upregulation of AKT, MMP-9 and C-FOS (AP1) but caused no alteration in
GSK38 expression (P<0.01, P<0.001). In the diagrams, P<0.01 and P<0.001
are shown with ** and ***, respectively. gPCR; Quantitative real time
polymerase chain reaction and ns; Not significant.

Overexpression MiR-625-5p reduction of NF-kB
expression of protein

The western blotting was performed to evaluate the
expression of NF-kB, MMP-9 and B-Actin proteins in
invasion KG1 cells compared with the Backbone cells 48
hours after transfection. As illustrated in Figure 5A, the
NF-kB protein showed a significant reduction of 0.6% fold
(P<0.01) when it transfected with miR-625-5p versus the
backbone group and MMP9 protein expression that did not
show a significant change (Fig.5B). The results showed that
miR-625-5p could inhibit cell invasion by inhibiting ILK and
NF-«B as well as the COX-2 signaling pathway.
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Fig.5: Western blot and Densitometry analysis of NF-kB and MMP-
9 protein expression in KG1 cells transfected by either premiR625-5p
construct or Backbone vector 48 hours post-transfection. A. miR-625-5p
downregulated (0.6 fold lower) NF-kB protein. B. miR-625-5p caused no
alteration in MMP-9 expression. Densitometry analysis of bands by Image)J
software. B-actin was used as loading control (P<0.01). In the diagrams,
P<0.01 is shown with (**).
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Discussion

The unnatural expression of miRNAs has already
been investigated in different cancers, focusing on the
understanding of the role and function of miRNAs in
cancer progression (19). Here, we assessed miR-625-5p-
mediated invasion molecular mechanism in AML cells
(20). MiR-625-5p-transfected KG1 cells of invasion
significantly decreased. The expression levels of ILK, NF-
kB, and COX2 genes significantly decreased while MMP9,
AP1, and AKT significantly increased, whereas GSK3[
did not change significantly. At the protein level, NF-kB,
decreased and MMP9 increased but not significantly. The
expression of CXCR4 was also significantly lower.

Our results also showed that miR-625-5p inhibited
cell invasion and migration in AML cells. Surprisingly,
we found ILK as a possible target for miR-625-5p. We
observed that miR-625-5p exhibited its tumor-suppressing
function in the downregulation of cell invasion by
regulating the ILK-NF-KB-COX2 pathways. Our study
may therefore offer a new strategy for AML treatment
through the upregulation miR-625-5p level.

AMLis aheterozygous disease in which cell proliferation
is high and apoptosis is low, and therefore its treatment is
challenging due to the unknown pathogenic and intrinsic
biological agents (21). The identification of AML invasion
mechanisms may culminate in innovative therapeutic
methods, an increase in treatment rate, and a decrease in
the recurrence rate (4). Various types of miR-RNAs play
part in AML and other cancers. For example, miR-625-
Sp is a potential biomolecule playing part in regulating
cell survival and differentiation. Studies have shown miR-
625-5p expression is often reduced and acts as a tumor
suppressor in various tumors, including hepatocellular
carcinoma, breast cancer, and malignant melanoma (22).
It has also been demonstrated that miR-625-5p expression
decreases in AML cell lines (23).

The expression of this miR can inhibit the proliferation
and invasion of cancer cells (7). In the study Ma et al.
(14) increased expression of mir-625-5p led to decreased
apoptosis and cellular metastasis in patients with AML.
In another study, Wang et al. (8) showed that miR- 625-
Sp upregulation in gastric cancer resulted in a decrease in
invasion through interfering with the regulation of the ILK
signaling pathway. Our findings revealed that invasion
was significantly decreased in KGI1 cells following
overexpression of miR-625-5p. In the current study, we
addressed the potential anticancer effect of miR-625-5p to
assist in the treatment of AML (11).

According to a previous study, the expression of ILK
has constitutive activation in AML (12). Inhibition of ILK
by compound-22 causes inhibition of migration, invasion,
and proliferation in CML, AML, and ALL (24). ILK is a
direct target of miR-625-5p, and miR-625-5p upregulation
in KGI cells results in ILK expression downregulation
(8) followed by downregulation of AKT of NF-«xB and
COX2, resulting in invasion (25, 26). AKT1 activates
the proliferation and invasion pathways in breast tumors,
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colorectal cancer, and leukemia (27). AKT1 seems to
play an essential yet passive part in oncogenesis. AKT
is activated directly via PIP3 and ILK (10). In reality,
the PI3K/AKT signaling pathway contributes greatly
to regulating cellular processes by which cancer is
characterized, such as cell proliferation, survival, and
migration (28). AKT can activate NF-xB and therefore
NF-«B is an important marker in cancer cells involved in
growth-independent propagation, apoptosis prevention,
infiltrate replication, invasion, and tissue metastasis. ILK
also leads to the activation of COX2 via the ILK-AKT-
NF-«B pathway (25, 29). Previous studies have shown
that the expression of COX2 increases in AML (30). Our
results also showed that overexpression of miR-625-
Sp resulted in the downregulation of ILK, NF-kB, and
COX2 because of miR-625-5p, according to microRNA.
org, directly inhibited ILK and NF-kB and subsequently
invasion. Overexpression of miR-625-5p led to the
upregulation of AKT because AKT was separately
activated via PIP3.

Ample evidence demonstrates that ILK activates
the GSK3B-AP1-MMP9 signaling pathway. GSK3f
contributes substantially to the cytoskeletal organization,
cell polarity, and migration in organogenesis and
wound healing physiological processes (2). GSK3p
also contributes to cancer cell motility, migration, and
invasion via a pharmacological inhibitor and, through the
interference of RNA, reduces the capacity of migration
and invasion of pancreatic cancer glioblastoma cells,
resulting in the decrease of MMP-2 expression (31). AKT
positively regulates these targets through the inhibition of
GSK3 as well (32). Then, the increase in the expression of
c-fos (AP1), in addition to AP1-related target genes, has
been observed in many cancers. The expression of ILK
induces expression of MMP-9 through the activation of
AP1 transcription, causing the increase of migration and
invasion. MMPs are indeed a family of endopeptidases
that are functionally and structurally zinc-dependent and
are responsible for the destruction of ECM components,
and thus regulate metastasis and invasive tumor cells. The
expression of MMPs is controlled by upstream regulation
of sequences and has a connection point for AP1. MMP-
9 expression increases in malignant cancers (33). In our
study the miR-625-5p expression did not change the
expression level of MMP-9.

Lou et al. (34) investigated osteosarcoma (OS) and its
miR-625 related effects. miR-625 expression enhanced
by mimic-miR-625 substantially decreased the invasion
and proliferation of OS cells through the Y4AP-1 gene, an
important target for the treatment of OS. Wang et al. (8)
studied the expression of miR-625, which contributes
importantly to cancer progression. By inducing and
increasing the expression of this miR in gastric cancer
cells, they found that metastasis and tumor invasion were
inhibited by the ILK signaling pathway and ILK was
miR-625-5p’s direct target.

Generally, in agreement with the results of Wang et al.
(8) and Lou et al. (34). the current study indicated that



miR-625’s inhibitory effect on invasion was similar to
its oncogenic effects (35). In our study, similar to the
findings of previous studies the overexpression of miR-
625-5p altered the expression level of ILK, NF-kB, and
COX2. The results of our study regarding ILK expression
and invasion are consistent with the this study.

CXCR-4 is a chemokine receptor coupled to G proteins,
which are expressed on the HSCs. Indeed, CXCL-12 is
coupled to the CXCR-4 receptor on the surface of HSCs,
which is a chemokine playing a highly important role in
maintaining bone marrow, silence, implantation, survival,
leading to the maintenance of the function of HSCs and
gene expression, and cell migration by downstream B
kinase (AKT)/(MAPK) signaling pathway activity (35).
In AML patients, CXCR4 expression is significantly up-
regulated and has a poor prognosis. In leukemia, CXCR4
causes the adhesion of leukemia cells to bone marrow
stromal cells, resulting in resistance to chemotherapy
and extramedullary infiltration into organs expressing
SDF-1 (36). Metastasis of cancer cells occurs through the
activation of CXCR-4 and the migration of cancer cells
towards the organs expressing CXCL-12. Also, SDF-1a
regulates leukemia cell trafficking through binding its
cognate receptor CXCR4 on leukemia cells. In the BM,
disturbance and destruction of cell anchorage by SDF1-
CXCR-4 via proteolytic enzymes such as MMP-9 can lead
to cellular development in the bloodstream. The CXCR-
4-CXCL-12 axis is powered by AML and is a regulator of
cell invasion, mobilization, implantation, and maintenance
of leukemia stem cells during the onset and progression of
the disease (37, 38). Panneerselvam et al. (39) reported
that IL-24 disrupted the SDF-1/CXCR4 signaling axis
and reduced CXCR4 expression and finally inhibited the
invasion and migration of lung cancer cells. The study
of Zuo et al. (40) indicated that CXCR4 overexpression
enhanced cell motility and invasion by producing EGFR
and MMP-9 in lung cancer (NSCLC). The results of our
study regarding the expression of CXCR-4 are consistent
with the studies of Panneerselvam et al. (39) and Zuo
et al. (40) in which miR-625-5p overexpression caused
CXCR-4 expression reduction.

Conclusion

The upregulation of the miR-625-5p expression leads to
a reduction in cellular invasion in AML cell lines via the
ILK pathway signaling via AKT-NF-kB-COX2 pathway.
Based on the findings, that show that miR-625-5p leads
to a reduction in cell invasion in the AML cell line by
ILK pathway, this strategy could be a breakthrough in
future AML-related research. However, further studies
are needed to achieve this goal.
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Abstract
Objective: Melittin is one of the natural components of bee venom (Apis mellifera), and its anticancer and antimetastatic
properties have been well established, but the underlying mechanism remains elusive. The MDA-MB-231 is a triple-
negative cell line that is highly aggressive and invasive. Besides, many critical proteins are involved in tumor invasion
and metastasis. In this study, we investigated whether melittin inhibits the migration and metastasis of epidermal
growth factor (EGF)-induced MDA-MB-231 cells via the suppression of SDF-1a0/CXCR4 and Rac1-mediated signaling
pathways.

Materials and Methods: In this experimental study, cells were treated with melittin (0.5-4 ug/ml), and the toxicity of
melittin was assessed by the MTT assay. Afterward, the migration assay was conducted to measure the degree of the
migration of EGF-induced cells. The western blot technique was performed to analyze the rate of Rac1, p-Rac1, SDF-
1a, and CXCR4 expression in different groups.

Results: The results demonstrated that melittin markedly suppressed the migration of EGF-induced cells and decreased
the expression of p-Rac1, CXCR4, and SDF-1a proteins.

Conclusion: The results of the present study suggested that the anti-tumor properties of melittin could be through the
blocking of the SDF-1a/CXCR4 signaling pathway, which is beneficial for the reduction of tumor migration and invasion.
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Introduction

Bee venom consists of a variety of biologically active
peptides, including melittin, apamin, adolapin, and mast
cell degranulating peptide (MCDP) (1). Melittin is a
major constituent of bee venom, which is a 26-amino
acid polypeptide containing 40-60% of the whole bee
venom (2). It belongs to amphipathic, a-helical, and cell-
penetrating peptides, possessing anti-inflammatory, anti-
bacterial, anti-thrombosis, and anti-tumor properties (3).

Organs have restricted boundaries that are identified
by the basement membrane that can surround the cells
with a particular matrix (4). Metastasis is known as the
dissemination of cancer cells from a specific organ or
region to another location that is not generally connected
to it (5). The process of metastasis occurs via the blood
vessels or lymphatic system or both (6). It is now known
that cell migration is a critical step in metastasis and
tumor invasion, and the regulation of this process can
control the pathogenesis of cancer. The understanding
of the molecular mechanism underlying the process of
cancer cell migration and metastasis is a prerequisite for
designing new therapies for the elimination of cancer
cells.

The stromal cell-derived factorla (SDFla) and its
cognate receptor, CXC chemokine receptor type 4
(CXCR4), play a crucial role in tumor metastasis (7).
Chemokines are a group of peptides with molecular
weights between 8 and 12 kDa (8). They are divided into
four groups based on the position of the cysteine motif
at the NH2 terminus (9). CXCL-12 (SDF-1) is the most
significant member of this family in numerous types
of cancer, which exists in two forms, namely SDF-10/
CXCL-12a and SDF-1B/CXCL-12b (10). The binding
of CXCL-12 to CXCR-4 can activate multiple molecular
signaling pathways (11). Through one of these pathways,
the association of SDF-1 with CXCR-4 could activate
the Rho family GTPases, such as Racl, which plays a
critical role in tumor progression and modulation of other
signaling pathways, such as cell-cell adhesion (12). In
this way, the GTP-bound form of the Racl protein binds
to the PAK family and induces the kinase activity of
these types of proteins. PAKs phosphorylate and activate
actin-binding LIM kinases present in two types, namely
LIMKI1 and LIMK2. These kinases can phosphorylate
cofilin, which leads to the deactivation of this protein.
The activity of cofilin, which participates in the actin
cytoskeleton formation, is essential for tumor cell
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metastasis and migration (13). Indeed, actin cytoskeleton
reorganization is considered a principal mechanism for
triggering cell motility, and necessary for numerous kinds
of cell migration (14). Racl also causes dissociation of
the WAVE-1 protein from its regulatory complex to drive
Arp2/3 complex-mediated actin polymerization, and it
induces the formation of the lamellipodium. Therefore,
Racl1 regulates multiple elements involved in the invasion
and metastasis of cancer cells (13).

Previous studies have demonstrated that EGF-
induced cell migration is associated with Racl
activation and promotes tumor cell motility and
invasion (15). Besides, it was reported that interaction
between the chemokine receptor CXCR4 and its ligand
SDF la plays a significant role in cell proliferation,
angiogenesis, tumorigenicity, and metastasis in
various types of cancer cell lines, such as breast cancer
cells (16). Likewise, it has been shown that EGF can
increase the expression of CXCR4, thereby the PI-3
kinase pathway (17). To date, there is no report on the
stimulation of EGF in response to SDF la expression.

In the past few years, the anticancer properties of
melittin have attracted much attention (18). Thus, due
to the side effects of conventional therapies, such as
chemotherapy, natural components possessing fewer
side effects and enormous anti-cancer properties are
currently used as complementary therapies (19). Data
obtained during previous studies confirmed that melittin
inhibits tumor cell metastasis via the suppression of
the Racl-dependent pathway in different types of
cancer cell lines; however, the precise mechanisms of
this event are still unclear (18). Since MDA-MB-231
is a triple-negative cell line (20), the effect of melittin
on ER, PR, and HER?2 receptors is rejected. According
to the significant role of SDF-1a and CXCR4 in the
migration and metastasis of cancer cells, this study
aimed to examine the effect of melittin on the possible
inhibition of the CXCR4/ SDF-1a pathway in MDA-
MB-231 cells stimulated by EGF.

In this study, the effects of melittin on the motility and
migration of a triple-negative breast cancer cell line were
investigated. It was observed that melittin suppresses the
level of CXCR4, SDF-1a, and Rac1 expression. Therefore,
the CXCR4/SDF-1a signaling pathway could be one of
the main ways through which melittin puts its effects. To
confirm this, the expression level of Racl, one of the key
proteins in this pathway, was also examined. Evidence
showed that the phosphorylation rate of this protein is
decreased parallel with an increase in the concentration
of melittin.

Materials and Methods
Cells and materials

In this experimental study, the breast cancer cell line
MDA-MB-231 was purchased from the Pasteur Institute
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of Tehran, Iran. Melittin, at a concentration of 2 pg/ml,
was purchased from Sigma-Aldrich (Sigma Aldrich, St.
Louis, MO, USA). The monoclonal antibodies against
Racl and its phosphorylated form were obtained from
Abcam (Abcam, Cambridge, MA). Antibodies against
CXCR4 and SDF-la were obtained from Santa Cruz
Biotechnology (Santa Cruz Biotechnology, Santa Cruz,
CA). The anti-B-actin and anti-lgG HRP-conjugated (as
a secondary antibody) antibodies were procured from
Abcam (United Kingdom). The study was approved by
the Kharazmi University of Tehran (616/9415).

Cell culture

MDA-MB-231 cancer cells were first cultured in the
RPMI-1640 medium (Gibco, USA) that was supplemented
with 100 U/ml penicillin-streptomycin and 10% fetal
bovine serum (FBS). The cells were incubated at 37°C in
a 5% CO, -95% air atmosphere for 24 hours. The medium
was replaced with the fresh cell culture medium every 48
hours when the color of the medium was changed.

Morphological observations

For the evaluation of the impact of melittin on the
morphological alterations of MDA-MB-231 cells,
approximately 5x10% cells were cultured in a 24-well
plate. Upon reaching 65-70% confluence, cells were
treated with various concentrations of melittin (0.5-4
pg/ml). After 24 hours, morphological changes were
observed under an inverted microscope (Biomedia, EU)
and compared to the control cells.

Cell viability assay

The toxicity of melittin against cancer cells was
examined by the MTT assay. To this aim, cells were
seeded onto a 24-well plate at the density of 30x10°
cells per well in the RPMI-1640 medium and allowed
to adhere for 24 hours and then treated with different
concentrations of melittin for 24, 48, and 72 hours. Then,
the medium was discarded, and the cells were incubated
with 0.5 mg/ml of 3- [4, 5-dimethylthiazol-2-yl]-2,
5-diphenyltetrazolium bromide (MTT) (Sigma, USA).
After 3-4 hours of the incubation period at 37°C and 5%
CO, atmosphere, the number of formazan crystals was
quantified at a wavelength of 570 nm.

Migration assay

The process of cell migration was examined by the
migration assay. Briefly, cells were seeded onto a
6-well plate and incubated at 37°C for 24 hours until
a monolayer is formed. Monolayers were gently and
slowly scratched with a pipette tip across the center
of the well. Then, they were treated with various
concentrations of melittin for 6 hours, followed by
incubation with EGF (20 ng/ml) and 1% FBS medium
for 24 and 48 hours. After the incubation period, the
process of cell migration was tracked at the 24 and
48 hours of incubation. The open area was calculated



with the T scratch software, a novel and simple tool for
the automated analysis of monolayer migration assay.

Western blot analysis

The western blot technique was performed to analyze
the relative expression of the desired proteins after 6
hours of incubation of MDA-MB-231 cells with melittin.
Briefly, cells were seeded onto a 6-well plate at a density
of 5x10° cells per well and then treated with various
doses of melittin for 6 hours, followed by the stimulation
in the absence or presence of EGF (20 ng/ml) for 2
hours. The cell lysate was centrifuged at 13000 rpm at
4°C for 15 minutes. The supernatant was collected, and
the concentration of total protein was determined by the
Bradford assay. Approximately 25 pg of the extracted
proteins were used for the sodium dodecyl sulphate-
polyacrylamide electrophoresis gel (SDS-PAGE). The
protein mixture was electrophoretically separated on 15%
polyacrylamide gel and then transferred onto the PVDF
membrane. The membrane was soaked in 5% non-fat
dry milk and Tris-buffered saline and 0.1% Tween-20
(TBST) to prevent the binding of non-specific antibodies.
The membrane was subsequently incubated with proper
amounts of primary antibodies. After three times washing
with TBST, the membrane was probed with horseradish
peroxidase (HRP)-conjugated secondary antibody. The
membrane was rinsed again for an additional three times
in TBST, and finally, DAB (3,3’-diaminobenzidine) was
used to visualize the protein bands. The densitometry
analysis of protein bands was performed using the ImageJ
software.

Statistical analysis

The obtained values were analyzed by Graphpad prism
version 7.0 (San Diego, California USA). One-way
analysis of variance (ANOVA), followed by Tukey’s post
hoc test was employed for the comparison of differences
between experimental groups. Data are expressed as
the mean + standard error of the mean. The level of the
statistical significance was set at P<0.05.

Results

Morphological alterations in MDA-MB-231 cells in
response to melittin

The morphological changes induced by 0.5-4 pg/ml
melittin after 48 hours was observed and compared
with untreated cells. As shown in Figure 1, this type
of cells exhibit a typical spindle-shaped morphology.
Cells were treated with 0.5, and 1 pg/ml melittin
did not show a significant morphological alteration
when compared with untreated cells. Cells treated
with melittin at a concentration of 2 pug/ml underwent
some cellular damages such as cell shrinkage. The
results demonstrated that 4 ug/ml melittin caused a
significant morphological change as compared with
untreated cells, showing a significant degree of cell
death exposed to melittin.
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Fig.1: Morphological analysis of MDA-MB-231 cells in response to
treatment with melittin after 48 hours. A. Untreated (control) cells,
and B. treated with 1, C. 2, D. 4 ug/ml melittin (scale bar: 50 um). Red
arrows show dead cells (magnification x10).

Melittin at low concentrations does not affect cell survival

Before the examination of migration and metastasis of
cancer cells, the cell viability of the cultured cells, as well
as the impact of melittin on cell survival was examined
by the MTT assay. Melittin significantly caused cell death
in MDA-MB-231 cells when used at a concentration of
4 pg/ml, and the cytotoxicity of the drug was mediated
in a dose-dependent fashion. However, melittin, at
concentrations lower than 2 pg/ml, cannot significantly
change the cell survival of MDA-MB-231 cells compared
with untreated cells (Fig.2). So, melittin was used at a lower
concentration of 2 pg /ml for subsequent experiments.

@8 24 hours
[J 48 hours

150 @8 72 hours

Cell viability(%)

Cont

0.5 1 2

Concentration of melittin (ng/ml)

Fig.2: The percentage of the cell viability of MDA-MB-231 cells determined
by the MTT assay. After 24, 48, and 72 hours, the impact of melittin on
0.5, 1, 2, and 4 pg/ml on the survival rate of breast cancer cells (MDA-
MB-231) was measured. The graph shows that, in parallel with an increase
in the concentration of melittin, the cell viability of MDA-MB-231 cells is
markedly decreased. The data are expressed as the means and standard
errors (mean + SE) of three independent experiments. ***; P<0.001, **;
P<0.01 compared to the untreated control (the first bar).
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Inhibitory effect of melittin on the migration of the
MDA-MB-231 cancer cell line

The cell migration assay was carried out to assess the
preventive role of melittin in migration and cell motility
of the MDA-MB-231 cancer cell line induced by EGF at
24 and 48 hours. As illustrated in Figure 3, along with an
increase in the levels of melittin the rate of cell migration
is decreased.

Melittin halts the invasion of the MDA-MB-231
cancer cell line induced by epidermal growth factor by
reducing the expression of Racl, CXCR4, and SDF-1a

The inhibitory effect of melittin on the expression of
Racl, p-Racl, CXCR4, and SDF-1a was examined by
the western blot analysis of whole-cell lysates of MDA-
MB-231 cells treated with melittin for 6 hours, followed
by stimulating with EGF (20 ng/ml) for 2 hours. As
depicted in Figure 4., the results showed that the rate
of the expression of the proteins mentioned above was
substantially diminished in a dose-dependent manner in
response to the treatment of EGF-induced MDA-MB-231
cancer cells with melittin.

A
EGF (20ng/ml) - + + + +
Melittinug/m) 0 0 0.5 1 2
B
@8 24 hours
3 0 hour
150 @8 48 hours

Open wound area (%)

Cont

EGF EGF+0.5 EGF+1

Concentration of melittin(ng/ml)

EGF+2

Fig.3: The inhibitory effect of different concentrations of melittin on the
migration of epidermal growth factor (EGF)-induced MDA-MB-231 cells.
A. The migration assay was carried out after 24 and 48 hours; then the
migrated cells were imaged. B. Semi-quantification of protein bands in the
migration assay (scale bar: 165 um) (n=3, mean * SE, ***; P<0.001, **;
P<0.01, *; P<0.05, compared to the 0 hour (the white bars).
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Fig.4: The inhibitory effect of melittin on epidermal growth factor (EGF)-
induced Racl, p-Racl, CXCR4, and SDF-1q, in EGF-induced MDA-MB-231 cells.
A. The western blot analysis indicated that melittin treatment reduces the
expression of all metastasis-related proteins. B-actin was used as a loading
control. B. Semi-quantification of the density of protein bands showed a
significant decrease in the expression of all proteins in a dose-dependent
manner (n=2, mean + SE, ***; P<0.001, **; P<0.01 *; P<0.05, compared to the
untreated control which is getting EGF and no melittin (the second group bar).

Discussion

Breast cancer is the most common type of cancer
among women. In recent decades, the number of patients
diagnosed with breast cancer, as well as the mortality of
patients, has been significantly increased, implying that
there is an urgent need to seek more efficient therapeutic
strategies to cure patients who have breast cancer.

One of the main problems in breast cancer, especially
in MDA-MB-231 cells, is the occurrence of metastasis.
Several lines of evidence demonstrated that EGF is capable
of promoting the migration of the MDA-MB-231 cancer
cell line (21). EGF can stimulate F-actin polymerization,
which leads to the formation of lamellipodia (22). Our
results also confirmed that EGF stimulates the motility of
MDA-MB-231 cells. The migration assay also revealed
that this EGF-induced motility could be inhibited by
melittin.

It has been indicated that a large number of genes
contribute to the signaling pathways related to the
metastasis process. Among those genes, Racl, SDF-
la, and CXCR-4 have an undeniable impact on the
function of cofilin, which contributes to stimulus-induced
actin filament assembly during the formation of the
lamellipodium.

The Racl protein belongs to the Rho family proteins,
and it is one of the most common proteins, regulating the
adhesion and migration of various types of cells. Racl



is crucial for tumor growth, invasion, metastasis, and
angiogenesis. This protein binds to either GDP or GTP,
Racl-GDP (inactive), and Racl-GTP (activated) (23).
The activation of the Racl leads to actin polymerization
and lamellipodium formation during the migration of cells
(24). Racl is overexpressed in numerous types of cancers,
including testicular cancer, gastric, and breast cancers (25).
Therefore, Racl may be a useful target for therapeutic
purposes to halt the process of metastasis in cancer.

Chemokines are small proteins that interact with a
large superfamily of the G protein-coupled receptors
(8). Previous studies have shown that binding of SDF 1a
and its cognate receptor, CXCR4, is essential for tumor
progression, angiogenesis, metastasis, and survival (26).
Thus, the inhibition of this chemokine and its cognate
receptor can result in the prevention of tumor metastasis
(27). Any interference with the expression of master genes
involved in actin cytoskeleton formation can contribute to
a decrease in the motility of cancer cells (28). Due to the
severe side effects of chemotherapy and surgery, in recent
years, the use of natural compounds with anticancer
properties has been proposed since they possess much
fewer adverse effects on the human body. Melittin is one
of these natural components that the biological potential
of this compound has been extensively studied (19).
Melittin has only mild allergic side effects (29). Besides,
melittin can cause massive hemolysis. This poses
significant limitations in clinical studies. These days, the
discovery of new methods of melittin delivery has solved
this problem (30).

On the other hand, EGF treatment increased the
expression of CXCR-4 and the active form of Racl
(p-Racl) proteins, but it was not able to alter the
expression of SDF1a and total Racl (Racl) significantly.
These data are in conformity with the previous evidence
that EGF induces CXCR4 activation in other cancer cells
(16) and Racl expression in MDA-MB-231 cells (15)
particularly Racl and Rac1b in TGF-B-induced epithelial-
mesenchymal transition (EMT. But there is not any
evidence on the role of EGF in the modulation of SDF1a.

A large body of evidence has shown that melittin
could induce cell death in ovarian cancer cells via the
stimulation of the expression of death receptors, as well
as the inhibition of the STAT-3 pathway (29). This peptide
inhibits metastasis through the hindrance of MMP-9
expression (30). In a study performed by Huh et al., they
have demonstrated that melittin inhibits the VEGFR-2
and COX-2-mediated MAPK signaling pathways, which
have anti-angiogenesis and anti-tumor activities (31). In
a study conducted on AGS gastric cancer cell line and
HeLa cervical cancer cell line, it was shown that melittin
inhibited the proliferation of both types of cell lines
(32, 33). In another study performed on the expression
of Racl in gastric carcinoma, Wu et al. reported that
Racl expression is associated with increased metastasis
in gastric cancer (34). Studies have also shown that the
suppression of Racl activity by melittin halts the process
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of metastasis in liver cancer cells in nude mice (35).
Several lines of evidence indicated that the expression
levels of the chemokine receptors are highly associated
with the development of some cancers and have specific
roles in cancer metastasis (36). It has been shown that
melittin is capable of decreasing the expression of SDF1a
and CXCR4 in the UMR-106 osteosarcoma xenograft
mouse model (37). Another report showed that melittin
could attenuate tumor invasion through the inhibition of
the PI3K/AKT/mTOR signaling pathway in breast cancer
cells (38). Our findings were in line with previous results
showing that melittin is able to halt migration and invasion
of the EGF-induced MDA-MB-231 cancer cells through
mitigating the expression of Racl and CXCR4 genes.
Although the comparison between the control group
(receiving no treatment) and the EGF group (treated with
EGF) shows that EGF was not capable of stimulating the
expression of SDF1a, whereas melittin suppressed the
expression of SDF1a in a dose-dependent fashion.

In summary, the present study indicated the anti-proliferative
effect of melittin on EGF-induced MDA-MB-231cancer
cells as a metastatic cell line. Our findings implicated that
this natural compound is highly toxic and could impair the
viability of MDA-MB-231 cells and reduce the migration of
cancer cells in a dose-dependent manner.

Conclusion

In this study, it was shown for the first time that melittin
can affect tumor cell migration through CXCR4/SDF-1a
signaling pathway. All in all, we revealed that melittin, by
blocking CXCR4 in the cell membrane and inhibiting the
expression of SDF-1a, can exert an anti-motility potential.
Altogether, further studies such as murine models of
breast cancer will be required to unravel the inhibitory
effects of melittin on the propagation of tumor cells.
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Abstract

Objective: This study aims to investigate the biological function of circular RNA (circRNA) circ_0000228 in the cervical
cancer (CC).

Materials and Methods: In this experimental study, the GSE113696 dataset was downloaded from the Gene Expression
Omnibus (GEO). GEO2R was employed to obtain differentially expressed circRNA between CC tissues and matched
paracancerous tissues. Quantitative real-time polymerase chain reaction (QRT-PCR) and Western blot were employed
to detect circ_0000228, microRNA-337-3p (miR-337-3p) and transforming growth factor, beta receptor | (TGFBRT)
expression levels in the CC tissues and cells. Following gain-of-function and loss-of-function models establishment,
CCK-8 and BrdU tests were conducted to examine cell proliferation. Transwell experiment was executed to examine
CC cells migration and invasion. A lung metastasis model was utilized to determine the ability of circ_0000228 on
the lung metastasis. Bioinformatics analysis, dual-luciferase reporter experiment and RNA immunoprecipitation (RIP)
assay were applied to verify the targeting relationship among miR-337-3p, circ_0000228, and TGFBR1.

Results: Circ_0000228 expression in the CC tissues and cells was up-modulated. Circ_0000228 overexpression
markedly enhanced cell proliferation, migration, and invasion, while knocking down circ_0000228 remarkably repressed
cell proliferation, migration, and invasion. MiR-337-3p could be adsorbed by circ_0000228. TGFBR1 was identified as a
target gene of miR-337-3p that indirectly and positively modulated by circ_0000228 in the CC cells.

Conclusion: Circ_0000228 up-modulates TGFBR1 by targeting miR-337-3p to enhance CC cell proliferation, migration

and invasion. Also, Circ_0000228 is a promising therapeutic target for the CC.
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Introduction

Cervical cancer (CC), a common malignancy,
seriously threatens women’s health (1) and also, surgery,
chemotherapy and radiation therapy are considered as
approaches for CC treatment (2). Unfortunately, the
majority of patients have reached an advanced stage by the
time of diagnosis, resulting in losing the opportunity for
radical surgery (3). It is of great clinical value to decipher
the CC pathogenesis to reach target therapy, particularly
in the advanced stage.

Circular RNAs (circRNAs) as a member of endogenous
non-coding RNAs, are closed-loop RNA molecules that
are formed by reverse splicing. There are not 5’-end
cap and 3’-end poly A tail in their structure. Also, they
can be stably present in the diverse eukaryotic cells
(4). Previously, circRNAs were considered as a "noise"
of gene transcription (5, 6). However, recently, their
biological function has been revealed (5, 7). Some studies
have shown, abnormal expression of circRNAs in the
human malignancies with unfavorable prognosis (8-15).
For instance, in gastric cancer, circ-DONSON promotes
the proliferation, migration, and invasion of cancer
cells, and impedes apoptosis (13). In CC, circ_0000515
and circ_0007534 facilitate proliferation, migration and
invasion of CC cells and repress apoptosis (14, 15).

91

Also, circ_0000228 is generated from zinc finger E-box
binding homeobox 1 (ZEBI) transcription. ZEBI has
been reported to be up-regulated in the CC and acts as an
oncogene (16). Nonetheless, the biological function and
mechanism of circ_0000228 in CC is undefined.

MicroRNA (miRNA, miR)-337-3p is down-modulated
in the CC cells and suppresses proliferation, migration
and invasion of these cells and induces apoptosis (17, 18).
Also, TGFBRI is reported to be overexpressed in the CC,
and can enhance CC cell malignancy (19). Bioinformatics
analysis predicts that miR-337-3p targets the 3’'UTR of
transforming growth factor, beta receptor 1 (TGFBRI).
Moreover, circ_0000228 is predicted to be a potential
molecular sponge for miR-337-3p. In this study, we probe
function and mechanism of circ_0000228, miR-337-3p
and TGFBRI in the CC progression. We aim to offer clues
to improve clinical diagnosis and therapy of CC.

Materials and Methods

Specimens collection

The work was approved by the Ethics Committee of
Shengli Oilfield Central Hospital (2018-06). Totally, 57
CC specimens and corresponding cervical paracancerous
specimens were surgically obtained of patients who
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referred to the Shengli Oilfield Central Hospital. The
patients with pathologically diagnosed CC who are willing
to provide written informed consents participated in this
study. The specimens were stored in the liquid nitrogen.
All subjects did not undergo radiotherapy, chemotherapy
or other anti-cancer treatments before surgery. All subjects
signed an informed consent form before the surgery and
tissue collection.

Cell culture

Human cervical epithelial cells (HUCECs) and CC cell
lines (SiHa, HelLa, CaSKi, and C33A) were purchased
from the Cell Center of Chinese Academy of Sciences
(Shanghai, China). All cell lines were cultured in
Dulbecco’s Modified Eagle Medium (DMEM) medium
(Cat No. 11965-092, Invitrogen, Carlsbad, CA, USA)
containing 10% fetal bovine serum (FBS, Cat No.
10270098, Gibco, Grand Island, NY, USA)+100 U/mL
penicillin+100 pg/mL streptomycin (Cat No. 15140122,
Hyclone, Logan, UT, USA). Then, all were incubated at
37°C, 5% CO,, 95% humidity

Cell transfection

Small interfering RNA (siRNA) negative control (si-
NC), siRNA against circ_0000228-1 (si-circ_0000228-1),
siRNA against circ_0000228-2 (si-circ_0000228-2),
pcDNA empty vector (NC), pcDNA-circ 0000228
(circ_0000228), mimics negative control (mimics NC),
miRNA inhibitors negative control (inhibitors NC), miR-
337-3p mimics, and miR-337-3p inhibitors were available
from GenePharma Co., Ltd (Cat No. MIN0000578,
Shanghai, China).

HeLaand C33A cells were planted in 6-well plates (3% 10°
cells/mL) (Cat No. 353046, BD Biosciences, Bedford,
MA, USA) and cultured at 37°C with 5% CO, for 24
hours. Then, cells were transfected using Lipofectamine®
3000 (Cat No. L3000015, Invitrogen, Carlsbad, CA, USA)
according to the manufacture’s instruction. Quantitative
real-time polymerase chain reaction (qRT-PCR) was
performed to detect the transfection efficiency.

Quantitative real-time polymerase chain reaction

Using TRIzol reagent (Cat No. 15596-018, Invitrogen,
Carlsbad, CA, USA), total RNA was extracted from CC
tissues and cells. Then, the PrimeScript™ RT Reagent
kit (Cat No. RRO37A, Takara Biotechnology Co., Ltd.,
Dalian, China) was utilized to reverse transcribe total
RNA into ¢cDNA. Next, qRT-PCR was implemented
using SYBR®Premix-Ex-Taq™ (Cat No. 368706, Takara,
Dalian, China) on the ABI7500 FAST Real-Time PCR
system (Thermo Fisher Scientific, Waltham, MA, USA).
GAPDH was regarded as an internal reference to quantify
circ_0000228 and TGFBRI mRNA expression levels,
and U6 was considered as an internal reference to detect
miR-337-3p expression. Circ_0000228, miR-337-3p, and
TGFBRI mRNA relative expression was calculated using
the 2-44°T method. A PARIS™ Kit (Cat No. AM1556,
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Ambion, Austin, TX, USA) was employed for subcellular
fractionation. After the cytoplasmic RNA and nuclear
RNA were isolated respectively, qRT-PCR was executed
to evaluate circ 0000228 expression in cytoplasm and
nuclei. The primer sequences used for qRT-PCR were as
follows:

circ_0000228-

F: 5-GAGGTGTGGGGTGTGAGAAC-3’
R: 5'- GCAGACAGTAGCCAAATCACA-3’

miR-337-3p-

F: 5"- CUCCUAUAUGAUGCCUUUCUUC-3"
R: 5"-GAAGAAAGGCAUCAUCUAGGAG-3’

TGFBRI-

F: 5"-CACAGAGTGGGAACAAAAAGGT-3’
R: 5'- CCAATGGAACATCGTCGAGCA-3’

Ue6-

F: 5-GCCGTTGCAGCACATATACAATAAT-3’
R: 5"-CGCTACGTTAATGCTCGTGTCAT-3"

GAPDH-

F: 5-AGAAGGCTGGGGCTCATTTG-3"
R: 5"-AGGGGCCATCCACAGTCTTC-3’

Colorimetric measurement of cell proliferation

After trypsinization, both cells, HeLa and C33A,
were harvested. Then the cells were inoculated in a 96-
well plate (2x10° cells/well) and incubated. After 24
hours, 10 pL of cell counting kit8 (CCK-8) solution (Cat
No. HY-K 0301, MedChemExpress, Monmouth Junction,
NJ, USA) was supplemented to each well and then the
cell culture was continued for 1 hour. The absorbance
(OD,,,., value) of each well was recorded using a Bio-Tek
Synergy HT Microplate Reader (Bio-Tek Instruments,
Winooski, VT, USA). Thereafter, with the same method,
the absorbance of the cells was measured 48 hours and 72
hours later, respectively.

BrdU experiment

Cell proliferation was also assessed with the BrdU Cell
Proliferation Assay kit (CatNo. 6813, Beyotime, Shanghai,
China). The single-cell suspension was prepared with
HeLa and C33A cells, and the cells were inoculated into
96-well plates (1x10* per well). Subsequently, 20 ul BrdU
solution was added to each well and incubated for 24
hours. Subsequently, the culture medium was discarded
and the cells were washed with PBS. Cells were fixed with
4% paraformaldehyde for 30 min at room temperature
and washed again with PBS. Cells were incubated with
anti-BrdU (Cat No. ab6326, Abcam, Shanghai, China)
for 1 hour at room temperature. Then, cell nuclei were
counterstained using Hoechst staining solution (Beyotime,
Shanghai, China) at room temperature for 30 minutes.
After PBS washing, the cells were incubated with pre-
diluted detection antibody for 1 hour. Thereafter, the cells



were stained with Hoechst staining solution. The total
number of cells and the number of BrdU-positive cells in
10 high magnification fields were counted randomly under
the microscope, and the percentage of BrdU-positive cells
was calculated.

Transwell experiment

In the migration experiments, HeLa and C33A cells were
resuspended in the serum-free medium, and the cell density
was modulated (2x10°cells / mL), and then 100 uL of the cell
suspension was supplemented to the upper compartment of
the Transwell system (Cat No. 3422, Corning, Corning, NY,
USA). Then, 500 pl DMEM medium containing 10% FBS
was supplemented to the lower compartment of the Transwell
chamber. 24 hours’ incubation at room temperature, the upper
compartment cells that did not migrate were gently wiped off
with cotton swabs, and the attached cells on the lower surface
of the membrane were fixed with 4% paraformaldehyde
(Cat No. J61899, Alfa Aesar, averhill, MA, USA). After
that, the cells were stained with 0.1% crystal violet (Cat No.
C0121, Beyotime, Shanghai, China) for 10 minutes. After the
membranes were washed, five randomly selected microscopic
fields per membrane was selected and the numbers of stained
cells were counted. To perform the cell invasion assay, the
Transwell inserts were pre-covered with 50 ml of the Matrigel
matrix. DMEM medium containing 10% FBS was placed in
the lower chamber as a chemoattractant. Twenty-four hours
later, 0.1% crystal violet was used to stain the cells that
had invaded through the membranes. Then, the cells were
observed by a microscope.

Dual-luciferase reporter assay system

The dual-luciferase reporter assay system (Cat No.
11752250, Promega, Madison, WI, USA) was used in this
experiment. HeLa and C33A cells were trypsinized, counted,
and planted in a 24-well plate (1x10* cells/well), and cultured
for 24 hours. When cell confluence reached 80-90%, the
transfection was performed with Lipofectamine® 3000
(Invitrogen, Carlsbad, CA, USA). Wild-type circ_0000228
(WT circ_0000228), wild-type TGFBRI (WT TGFBRI),
mutant-type circ_0000228 (MUT circ_0000228) and mutant-
type TGFBRI (MUT TGFBRI) reporter vectors were co-
transfected with mimics NC, miR-337-3p mimics and miR-
337-3p inhibitors, respectively. After the cells were cultured for
48 hours, the cells were collected, lysed with lysis buffer, and
the supernatant was collected. Following that, the luciferase
substrate was added and the luciferase activity was examined
by the luminometer (Glomax 96 Microplate Luminometer,
Promega, Madison, WI, USA). Firefly luciferase activity was
normalized to the Renilla luciferase activity.

RNA immunoprecipitation assay

Using Magna RIP™ RNA - Binding Protein
Immunoprecipitation Ki (Cat No. 17-700, Millipore,
Billerica, MA, USA), the interaction between
circ_0000228 and miR-337-3p was evaluated. Both cells,
HeLa and C33A, were lysed in the RIP lysis buffer, and
100 pL of cell lysates were incubated with magnetic
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beads coupling with anti-Argonaute2 (Ago2) antibody
or negative control IgG in the RIP buffer. Then the
specimens were incubated with Proteinase K (Cat No.
25530-031, Invitrogen, Carlsbad, CA, USA) to remove
proteins and then RNA precipitation was obtained. The
purified RNA was subjected to qRT-PCR analysis.

Western blot

48 hours after transfection, HelLLa and C33A cells
were lysed with RIPA lysis buffer (Cat# P0013B, Beyo-
time Biotechnology, Shanghai, China) containing pro-
tease inhibitors (Cat No. 11836170001, Roche Applied
Science, Penzberg, Germany), and the supernatants
were collected after high-speed centrifugation, and pro-
tein concentrations were determined by a BCA kit (Cat
No. P0012S, Beyotime, Shanghai, China). The super-
natant was mixed with loading buffer, and then heated
in a water bath at 100°C for 10 minutes to denature the
protein. Next, the total proteins were separated using so-
dium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred to polyvinylidene difluoride
(PVDF) membranes by electrotransfer. The membranes
were then incubated with the specific primary antibodies
overnight at 4°C. After rinsing with Tween-20 (TBST, Cat
No. AAJ77500KS8, Fisher Scientific, Houston, TX, USA),
the membranes were then incubated with corresponding
secondary antibodies for 2 hours at room temperature.
The protein bands were visualized by electrochemilumi-
nescence automatic chemiluminescence imaging analy-
sis system (Tanon 5500, Tanon Science & Technology,
Shanghai, China), and p-actin was regarded as an internal
reference. The antibodies used in this work were avail-
able from Abcam (Shanghai, China), including primary
antibodies: anti-TGFBR1 antibody (ab31013, 1:1000),
anti-B-actin antibody (ab179467, 1:1000), and a second-
ary antibody (ab205718, 1:2000).

Lung metastasis experiment

The protocol of animal experiments was approved
by the Institutional Animal Care and Use Committee
of Shengli Oilfield Central Hospital. 12 male BALB/C
nude mice (4 weeks old, Vital River Laboratory Animal
Technology, Beijing, China) were utilized for lung
metastasis experiments, to evaluate the metastatic ability
of CC cells in vivo. Mice were housed under standard
housing conditions (23°C, 40% humidity, 12 hours/12
hours light-dark cycle, food and water were available).
Then, HeLa cells (1x107 cells/per mouse) transfected with
circ_0000228 overexpression or empty vector plasmid
were injected into the tail veins of nude mice (6 mice/
per group). After 4 weeks, the mice were euthanized and
the lung tissues were obtained. Next, hematoxylin/eosin
staining was performed to show the metastatic nodules.

Statistical analysis

All data were analyzed using GraphPad Prism 8
(GraphPad Software, La Jolla, CA, USA). Shapiro-Wilk
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(SW) test was used to analyze the normal distribution
of the data. All the measurement data were expressed as
"mean =+ standard deviation" (mean+ SD). Also, t test
was adopted for comparison between two groups, and
one-way ANOVA was used for comparison of the means
among multiple groups. For skewed distributed data, the
Wilcoxon signed-rank test was used. Counting data were
expressed in contingency tables, and ¥2 test was utilized
to analyze differences between the two groups. Statistical
significance was indicated by P<0.05.

Results

Circ_0000228 expression was up-modulated in
cervical cancer

Detecting circRNA expression profile in the CC tissues,
we observed that 122 circRNAs were down-modulated
(P<0.05), while 34 circRNAs (including circ_0000228) were
up-modulated (Fig.1A, B, P<0.05). Consistently, qRT-PCR
indicated that circ 0000228 was up-modulated in the CC
tissues (n=57) in comparison with the matched non-cancerous
tissues (Fig.1C, P<0.001). Analyzing relationship between
circ_ 0000228 expression in the CC tissues and clinical
parameters, we observed that high circ 0000228 expression
in the CC tissues was linked to lymph node metastasis and
low differentiation of tumor tissues (Fig.1D, Table 1, P<0.05).
Additionally, circ 0000228 expression was up-modulated in
all of the 4 CC cell lines (SiHa, Hela, CaSKi, C33A) relative
to normal cervical epithelial cell line HUCEC cell (Fig.1E,
P<0.01).

Circ_0000228 enhanced the proliferation,
migration and invasion of cervical cancer cells

To examine the biological role of circ 0000228
in the CC, HelLa cells were transfected with
circ_0000228 overexpression plasmid. Also, C33A
cells were transfected with si-circ_0000228-1 and si-
circ_0000228-2 (Fig.2A). CCK-8 colorimetric assay
unveiled that circ_0000228 overexpression facilitates the
proliferation of HeLa cells (P<0.001), while knock down
circ_0000228 restrained C33A cell proliferation (Fig.2B,
P<0.001). The data of BrdU experiments manifested,
that the number of BrdU-positive cells was higher in
the circ_0000228 overexpression group in comparison
with the control group (P<0.001). The BrdU-positive
cells number was lower in the si-circ_0000228-1 and
si-circ_0000228-2 groups (Fig.2C, P<0.001). And,
Transwell experiment was executed to examine the
effects of circ_0000228 on the CC cell migration and
invasion. The results demonstrated that circ 0000228
overexpression facilitates migration of HeLa cell and
invasion (P<0.001), while circ_0000228 knockdown
restrained C33A cells migration and invasion (Fig.2D,
P<0.001). Finally, we used a lung metastasis model, in
vivo model, to investigate the role of circ_0000228 in the
CC cells metastasis regulation. The results indicated that
circ_0000228 overexpression promoted lung metastasis
in vivo (Fig.S1, See Supplementrary Online Information
at www.celljournal.org, P<0.001).

Table 1: Correlation between clinicopathological features and expression of circ_0000228 in the CC tissues

Pathological parameters Numbers Circ_0000228 expression %2 P value
(n=57) High (n=28) Low (n=29)

Age (Y) 0.4220 0.5159
<45 33 15 18
>45 24 13 11

Tumor size (cm) 1.4164 0.2340
<4 29 12 17
>4 28 16 12

FIGO stage 0.8884 0.3459
I 26 11 15
I 31 17 14

Lymph node metastasis 4.1352 0.0420"
No 24 8 16
Yes 33 20 13

Degree of differentiation 9.4270 0.0021*
Poor, moderate 31 21 10
Well 26 7 19

CC; Cervical cancer, FIGO; International federation of gynecology and obstetrics, and *; P<0.05.

Cell J, Vol 24, No 2, February 2022

94


http://www.celljournal.org
http://dict.cnki.net/dict_result.aspx?searchword=%e7%97%85%e7%90%86%e6%8c%87%e6%a0%87&tjType=sentence&style=&t=pathological+parameters

Down-regulation
5] (n=122)

Up-regulation
(n=34)

. circ_0000228

-log10(P-value)

No diff(n=4504) 3

633 -422 211 0 211

L 42
log2(FoldChange)

6.33

D

m

Lymph node metastasis  Degree of differentiation
P=0.0004

o
)

P=00387
o

pression

pression
pression

IS

»
»

Relative circ_0000228 ex;
Relative circ_0000228 ex;

Relative circ_0000228 exj

°
°

Adjacent HUCEC SiHa Hela CaSKi C33A

Cancer

Fig.1: The expression characteristics of circ_0000228 in CC. A, B. Variations
in the expression of circRNAs in the CC tissues were examined by analyzing
dataset GSE113696. C. gRT-PCR was executed to examine circ_0000228
expression in the 57 cases of CC tissues and matched paracancerous
tissues. D. qRT-PCR was implemented to examine circ_0000228 expression
in the CC tissues of the patients with lymph node metastasis and without
lymph node metastasis, different differentiation status, respectively. E.
Circ_0000228 expression in the HUCECs and CC cell lines (SiHa, Hela,
CaSKi and C33A) was measured by gRT-PCR. CC; cervical cancer, gRT-
PCR; Quantitative real-time polymerase chain reaction, HUCECs; Human
cervical epithelial cells, **; P<0.01, and ***; P<0.001.
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Fig.2: Regulatory role of circ_0000228 in the CC cells phenotype. A. Hela and C33A
cells were transfected with circ_0000228 overexpression plasmid and circ_0000228
siRNAs, respectively, and also, the transfection efficiency was examined by qRT-
PCR. B, C. The effects of circ 0000228 overexpression or knockdown on the
proliferation of Hela and C33A cells were detected using CCK-8 colorimetric assay
and BrdU experiment. D. Transwell experiments were used to examine the effects of
circ_0000228 overexpression and knockdown on the migration and invasion of HeLa
and C33A cells. CC; Cervical cancer, gRT-PCR; Quantitative real-time polymerase
chain reaction, **; P<0.01, and ***; P<0.001.

Circ_0000228 directly targeted miR-337-3p
To probe the downstream targets of circ 0000228,
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the Circlnteractome database (https:/circinteractome.
nia.nih.gov/) was searched. miR-337-3p was selected as
a one of the predicted target miRNAs (Fig.3A, P<0.001).
Subsequently, miR-337-3p expression in the CC cell lines
was examined by qRT-PCR. miR-337-3p expression was
demonstrated to be diminished in the CC cell lines (Fig.3B,
P<0.05). Nucleocytoplasmic separation assay showed that
circ_0000228 was expressed in the CC cells cytoplasm
(Fig.3C, P<0.001). Dual-luciferase reporter experiment
showed that miR-337-3p overexpression repressed the
luciferase activity of WT circ_0000228, while miR-337-3p
inhibitionenhancedtheluciferaseactivityof WTcirc_ 0000228
(Fig.3D, P<0.001). However, neither miR-337-3p mimic nor
miR-337-3p inhibitor affected the luciferase activity of MUT
circ_0000228 (Fig.3D). Next, the results of RIP experiments
showed that circ_ 0000228 and miR-337-3p were enriched in
the Ago2-containing microribonucleoproteins relative to IgG
group, suggesting a direct interaction between circ_0000228
and miR-337-3p (Fig.3E, P<0.001). Moreover, circ_0000228
overexpression suppressed miR-337-3p expression in the
HeLa cells; while circ_0000228 knock down circ_0000228
increased miR-337-3p expression in the C33A cells (Fig.3F,
P<0.001). Also, miR-337-3p was unveiled to be down-
modulated in the CC tissues by gRT-PCR (Fig.3G, P<0.001).
Pearson’s correlation analysis indicated that circ 0000228
was negatively correlated with miR-337-3p expression in the
CC tissues (Fig.3H, P<0.001).
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Insa_circ_0000228 5" 3|
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[T
hsamiR-337-3p 3 CUUCUUUCCGUAGUALIALICCUC §'

MUT circ_0000228 5" UACUGUCUGCUUGACGCCGUAAA 3

3
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08 0
Relative miR-337-3p expression

Fig.3: Circ_0000228 directly targeted miR-337-3p. A. Bioinformatics
analysis projected the binding site between circ_0000228 and miR-
337-3p. B. MiR-337-3p expression in the CC cell lines and HUCECs was
examined by gRT-PCR. C. Nucleocytoplasmic separation experiment was
conducted to verify the localization of circ_0000228 in the CC cells. D.
Dual-luciferase reporter gene experiment was implemented to validate
the bioinformatics predicted binding site. E. RIP assays were utilized to
prove the interaction between circ_0000228 with miR-337-3p. F. The
effect of circ_0000228 overexpression and knockdown on the miR-337-
3p expression in the CC cells was detected by qRT-PCR. G. MiR-337-
3p expression in the 57 CC tissues and 57 paracancerous tissues was
examined by gRT-PCR. H. Pearson’s correlation analysis assessed the
correlation between miR-337-3p expression and circ_0000228 expression
in the CC tissues. CC; Cervical cancer, gRT-PCR; Quantitative real-time
polymerase chain reaction, RIP; RNA immunoprecipitation, *; P<0.05, **;
P<0.01, and ***; P<0.001.
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Circ_0000228 regulated the proliferation,
migration and invasion of cervical cancer cells by
adsorbing miR-337-3p

Subsequently, circ_ 0000228 overexpression plasmid
and miR-337-3p mimics were co-transfected into the HelLa
cells. Also, si-circ_0000228-1 and miR-337-3p inhibitors
were co-transfected into the C33A cells (Fig.4A). CCK-
8 colorimetric assay, BrdU experiments and Transwell
experiments showed that circ_0000228 overexpression
facilitated CC cell proliferation, migration and invasion
(P<0.05), while transfection with miR-337-3p mimics
attenuated these effects (P<0.05). On the other hand,
knocking down circ_ 0000228 repressed cell proliferation,
migration, and invasion (P<0.05), while transfection of
miR-337-3p inhibitors partially reversed these effects
(Fig.4B-D, P<0.05).

Fig.4: The effect of circ_0000228/miR-337-3p axis on the proliferation,
migration and invasion of the CC cells. A. Hela cells were co-transfected
with circ_0000228 overexpression plasmid and miR-337-3p mimics,
and C33A cells were co-transfected with si-circ_0000228-1 and miR-
337-3p inhibitors, and then the transfection efficiency was determined
by qRT-PCR. B, C. CCK-8 colorimetric assay and BrdU experiments were
used to examine the effects of circ_0000228 and miR-337-3p on CC cell
proliferation. D. Transwell test was applied to examine the effects of
circ_0000228 and miR-337-3p on the CC cell migration and invasion.
CC; Cervical cancer, gRT-PCR; Quantitative real-time polymerase chain
reaction, *; P<0.05, **; P<0.01, ***; P<0.001.

Circ_0000228 targeted miR-337-3p to up-modulate
TGFBRI expression

The TargetScan database (http://www.targetscan.org/
vert_72/) was used to predict the downstream targets of
miR-337-3p, and TGFBRI was predicted as one of the
potential downstream targets of miR-337-3p (Fig.5A).
Dual-luciferase reporter experiment showed that miR-
337-3p overexpression repressed the luciferase activity
of WT TGFBR1, while miR-337-3p inhibition enhanced
the luciferase activity of WT TGFBR1 (Fig.5B, P<0.001).
However, neither miR-337-3p mimic nor miR-337-3p
inhibitor affected the luciferase activity of MUT TGFBR1
(Fig.5B).

Western blot showed that circ_0000228 overexpression
enhanced 7GFBRI expression in the HeLa cells
(P<0.001), whereas transfection of miR-337-3p mimics
attenuated this effect (Fig.5C, P<0.001). Knocking
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down circ 0000228 impeded TGFBRI expression in
C33A cells (P<0.001), whereas inhibition of miR-337-3p
counteracted this effect (Fig.5C, P<0.001). By qRT-PCR,
TGFBRI mRNArevealed overexpression in the CC tissues
(Fig.5D, P<0.001). Notably, TGFBR1 mRNA expression
in CC tissues was negatively correlated with miR-337-
3p expression (P<0.001) and positively correlated with
circ_0000228 expression (Fig.5E, F, P<0.001).
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WT TGFBR1 5 UGAGUGACAUAUUACAUAGGAAU 3"
I

*

Postion 1866-1872 of TGFBRIT UTR 6 ... UGG
hsamR337-3p

MUT TGFBR1 & UGAGUGACAUAUUACGGCGGUAU 3'
E CUOCTUOCOGUGUAIACCTC:
TGFBRI3 UTR &' WT TGFBR1 & UCCAMAGAAUGUAAAUAGGAAA ¥

1 i i
hea-miR.337-3p T CUNCUTUCOSUAGUATADCCU L3 ¥ Ll UL o

MUT TGFBR1 & UCCAAAAGAAUGUAAAGUCCAAA 3'

WT TGFBR1 1 MUT TGFBRI e WT TGFBR1 1 MUT TGFBRY

Fig.5: Circ_0000228 up-regulated TGFBR1 expression by sponging miR-
337-3p. A. TargetScan projected the binding site between miR-337-3p and
TGFBR1. B. Dual-luciferase reporter gene experiment was executed to
prove the binding site between miR-337-3p and TGFBR1 3°UTR predicted
by bioinformatics analysis. C. Western blot was utilized to examine
the regulatory functions of circ_0000228 and miR-337-3p mimics on
TGFBR1 expression. D. gqRT-PCR was employed to examine TGFBR1 mRNA
expression in the CC tissues and paracancerous tissues. E, F. Pearson’s
correlation analysis analyzed the correlations between TGFBR1 mRNA
and miR-337-3p/circ_0000228 expression in the CC tissues. CC; Cervical
cancer, gRT-PCR; Quantitative real-time polymerase chain reaction, *;
P<0.05, **; P<0.01, and ***; P<0.001.

Discussion

In this study, we observed that circ_0000228 was up-
regulated in the CC tissues and its overexpression was
associated with to several adverse clinical parameters
in the CC patients. Our experiments demonstrated that
circ_0000228 overexpression facilitates proliferation,
migration and invasion of CC cells. We verified these
findings with while knock down model of circ_0000228,
and observed opposite effects. Several studies report that
they are crucial regulators in cancer biology (20). For
instance, circ-ITCH restrains the proliferation, migration
and invasion of bladder cancer cells by sponging miR-
17/miR-224 to up-regulate PTEN expression (8). Circ-
SMARCAS represses the development of multiple
myeloma by decoying miR-767-5p (21). Knocking down
circ_0000285 suppresses the growth and migration of the
CC cells (22). In the present work, our data indicated that
circ_0000228 is a new oncogenic factor in the CC tissues
and cells.

As mentioned above, miRNAs are often negatively
regulated by circRNAs via a competitive endogenous
RNA mechanism (8). In this work, it was found



that circ_0000228 directly targets miR-337-3p and
circ_0000228 enhances the CC cell proliferation, migration
and invasion via adsorbing miR-337-3p. miRNAs are
endogenous ncRNAs that are approximately 20 nucleotides
in length that participate in the regulating diverse
biological processes including epigenetic regulation, cell
cycle, cell differentiation, proliferation, migration and
so on (23, 24). miRNAs can function as either tumor-
suppressive factors or oncogenic factors. For instance,
miR-324-3p enhances the proliferation, migration, and
invasion of colonic cancer cells, and impedes apoptosis
(25). MiR-338-3p restrains CC progression by targeting
MACCI to regulate the MAPK signaling pathway (26).
MiR-1284 represses the growth and metastasis of CC
cells by targeting HMGRB1 and increases the sensitivity of
CC cells to cisplatin (27). It is reported that miR-337-3p
was a tumor suppressor in the CC cells and tissues (17,
18). Here, we reported that miR-337-3p counteracts with
cancer-promoting effects of circ_0000228 in CC cells and
tissues, which also validated the anti-cancer effects of
miR-337-3p. Moreover, we demonstrated that miR-337-3p
can be adsorbed by circ_ 0000228, which is a reasonable
explanation for the aberrant expression of miR-337-3p in
the CC cells and tissues.

Usually, miRNAs exert their biological functions
through binding to the 3"UTR of mRNAs target to induce
translational repression or degradation of mRNAs (23).
In this work, we found that miR-337-3p directly targets
TGFBRI mRNA 3'UTR and negatively regulates TGFBRI
mRNA expression, and circ_ 0000228 can promote TGFBR]
expression in the CC cells. TGFBRI belongs to the TGF-
receptors family, which is involved in the TGF-B-mediated cell
growth, differentiation and migration (28, 29). Accumulating
studies have confirmed the regulatory role of TGFBRI
in the different cancers (30-32). For instance, TGFBRI
overexpression can enhance the proliferation, migration,
invasion and the epithelial-mesenchymal transition process
of gastric cancer cells (30).

In pancreatic cancer, LINC00462 overexpression
enhances the expression of TGFBRI and TGFBR2,
thereby TGF-f/Smad pathway activating leads to facilitate
proliferation, migration, and invasion of pancreatic cancer
cells (31). In the non-small cell lung cancer (NSCLC),
miR-3607-3p impedes tumor cell proliferation, invasion
and migration by targeting TGFBRI (32). Also, in the
CC, TGFBRI is reported to be a target of let-7a, and it
mediates the activation of TGF-f/SMAD signaling in the
CC cells (19). To our knowledge, this study is the first to
identify miR-337-3p as an upstream miRNA of TGFBRI
in the CC cells.

Conclusion

This research reveals that circ 0000228 is highly
expressed in the CC tissues and cells, and its highest
expression is associated with adverse clinical parameters
in the affected. Functionally and mechanistically, we
confirm that circ_ 0000228 enhances proliferation,
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migration and invasion of CC cells via modulating the
miR-337-3p/TGFBRI axis. This work may provide novel
ideas for the diagnosis, therapy, and prognosis of CC
patients.
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Abstract
Objective: Bromodomain testis associated (BRDT), a testis-specific member of the Bromo- and Extra-Terrminal
domain (BET) protein family, is involved in spermatogenesis and, more specifically, chromatin remodeling.
In the post-meiotic spermatogenic cells, BRDT protein binds to the hyperacetylated histones and facilitates
their replacement with transition proteins (TPs), particularly protamines, which are essential for chromatin
condensation. The current research was conducted to assess the expression and epigenetic profile of BRDT in
the testis tissues of infertile men.

Materials and Methods: In this case-control study, three groups were included: positive control group: obstructive
azoospermia (OA, n=10), round spermatid maturation arrest group (SMA, n=10) and negative control group: sertoli cell-
only syndrome (SCOS, n=10). Using quantitative real-time polymerase chain reaction (PCR), the expression profile of
BRDT was generated. Also, ChIP-real time PCR was used to measure the following histone marks: H3K9ac, H3K9me3,
H3K4me3, H3K27me3 on the promoter region of BRDT.

Results: Our data indicated that BRDT expression decreased in the SMA group in comparison with the positive control
group and this finding is in line with the ChIP results obtained in this group.

Conclusion: Based on these data, we postulate that BRDT gene has a vital role in the spermatogenesis and its

decreased expression due to an aberrant epigenetic signaling might be associated with male infertility.

Keywords: BRDT, Epigenetics, Histone Modification, Spermatogenesis Failure
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Introduction

Spermatogenesis is a dynamic process in which
undifferentiated diploid cells pass a series of mitotic and
meiotic divisions to produce spermatozoa cells. During
the last stages of this process, spermatogenic cells’
core histones are hyperacetylated and then replaced by
transition proteins (TPs) and protamines (PRMs) (1, 2).
Bromodomain testis associated (BRDT) binding to the
acetylated histone H4, emerges a hyperacetylation signal
via a BRDT-dependent replacement of histones by TPs
and PRMs (3, 4).

BRDT protein, a member of bromodomain and ex-
tra-terminal (BET) protein family, is expressed in the
spermatocytes as well as in the round and elongating
spermatids (5). BRDT plays two types of essential
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roles during spermatogenesis: first, BRDT attaches
to acetylated histones at promoters of meiotic and
post-meiotic genes through its bromodomains to fa-
cilitate the activity of these genes in an appropriate
time frame. Second, BRDT attach to hyperacetylated
histones during post-meiotic phase of spermatogenesis
and help their removal and substitution (6). It should
be mentioned that histone hyperacetylation is an im-
portant process during histone removal and substitu-
tion in the elongating spermatids (7).

Epigenetic modifications such as histone acetylation
and methylation are essential regulators in the
spermatogenesis and testis genes expression. For instance,
acetylation lysine 9 of histone H3 (H3K9ac) mediates
gene transcriptional activity, while methylation of lysine
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9 of histone H3 (H3K9me3) mediates gene transcriptional
repression (8).

Furthermore, there are two other histone marks,
trimethylated lysine 4 on histone H3 (H3K4me3) and
trimethylated lysine 27 on histone H3 (H3K27me3),
which are associated with promoters of the developmental
regulator genes. H3K27me3 mediates gene silencing,
while H3K4me3 is associated with the gene transcriptional
activity. Contemporary presence of H3K27me3 and
H3K4me3 on the genes in the stem cells, identifies a
category of bivalent silent developmentally regulated
genes (9).

Using testicular biopsies of infertile men, this study
highlights the occurrence of an aberrant epigenetic
signaling associated with a decreased expression of
BRDT. For the first time, we made more attention to
the importance of BRDT expression that may lead to
spermatogenesis failure and men infertility.

Materials and Methods
Subjects

In this case-control study, testicular biopsy specimens
were obtained from 30 infertile patients who referred to
Royan Institute, Tehran, Iran. All samples were collected
from testicular sperm extraction (TESE) operation
in order to obtain sperm for intracytoplasmic sperm
injection (ICSI). Reproductive Biomedicine Research
Center and the Ethics Committee of Royan Institute,
Tehran, Iran approved this study (IR.ACECR.ROYAN.
REC.1394.135). Following obtain written consents from
all volunteer patients, residuals of their therapeutic/
diagnostic samples were used in the present study.

The samples of 3 patient groups provided our 3 study
groups, including: obstructive azoospermia (OA): positive
control group, round spermatid maturation arrest (SMA):
SMA group and sertoli cell only syndrome (SCOS):
negative control group.

RNA isolation and cDNA synthesis

In order to evaluate BRDT gene expression, RNA was
extracted from tissue samples by using TRIzol reagent
(Cat No0.15596018, Ambion, USA). To eliminate
genomic contaminations, the extracted RNAs were
treated using Recombinant DNase I kit (RNase-free),
(Cat No. 2270A, Takara, Japan). Then, cDNA was
synthesized using RevertAid H Minus First Strand
cDNA Synthesis Kit (Cat No.k1632, Thermofisher,
USA) according manufacturers’ instruction. Also, this
synthesized cDNA was used for polymerase chain
reaction (PCR) amplification, and the results were
normalized by PCR reaction by using specific primers
for GAPDH gene. All gene expression and epigenetic
tests performed individually.
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Gene expression analysis of BRDT gene by reverse
transcription real-time quantitative polymerase chain
reaction

The cDNA samples were quantified with RT-qPCR
in the groups by using SYBR Green PCR master
mix (Applied Biosystems, USA) on a Step One Plus
Real-Time PCR System (Applied Biosystem, USA).
Preventing DNA contaminations, primer pairs were
designed using Perl Primer (v1.1.19) software from an
exon-exon junction area of the genes (Table 1).

Therefore, cDNA amplification was carried out with
the following profile: initial denaturation at 95°C for 4
minutes, followed by 35 cycles of denaturation at 95°C
for 10 seconds, annealing at 60°C for 1 minute. Each 25
pl reaction contained 2 pul of template cDNA (12.5 ng/ul),
1 ul of each 5 pmol/ul primer (Sinaclone, Iran), 12 ul of
SYBR Green PCR master mix and 9 pl dH,0.

Two replicates were carried out for each sample and
relative gene expression level was quantified by using
the 2-24¢ quantitative method (10) and the results were
normalized with GAPDH gene.

Chromatin immunoprecipitation-quantitative poly-
merase chain reaction

Presence of acetylated histone H3K9, trimethyl
H3K9, trimethyl H3K27 and trimethyl H3K4 on the
promoter region of BRDT was evaluated by Chromatin
immunoprecipitation using the Histone ChIP kit (Cat
No. kch-orgHIS-012, Diagenode, Belgium) followed by
real time PCR in the three studied groups, including OA
(n=5), SMA (n=5) and SCOS (n=5). Anti-H3K9ac, anti-
H3K9me3, anti- H3K27me, and anti- H3K4me3antibodies
(Cat No. ab4441, ab8898, ab6002, ab1012 respectively,
Abcam, UK) were exploited in this method. qPCR
method was used in order to amplify immunoprecipitated
DNA and input control DNA on a real time PCR system
(Step One Plus Real time PCR system, AB Applied
Biosystems, USA) by using SYBR Green master mix (Cat
No. 4367659, Power SYBR Green PCR Master, Applied
Biosystems, USA) and primer pairs designed using Perl
primer software to cover the transcriptional start site (TSS)
(-96 to +14) of the BRDT gene (Table 1). Also, qPCR
reaction was carried out with the following profile: initial
denaturation at 95°C for 4 minutes, followed by 35 cycles
of denaturation at 95°C for 10 seconds, annealing at 60°C
for 1 minutes. The obtained results were normalized to
input DNA and presented as a percentage of input DNA.

Statistical analysis

Statistical analyses, among the three groups were performed
using Kruskal-Wallis test. version 8.0.2 for Windows,
GraphPad Software, La Jolla California USA). Differences
between groups were considered to be statistically significant
at P<0.05.
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Table 1: Primer pairs used in this study

Gene Primer sequence (5'-3") Annealing temperature (°C)  Product size (bp)
RT-PCR primers
GAPDH F: CTCATTTCCTGGTATGACAACGA 60 122
R: CTTCCTCTTGTGCTCTTGCT
BRDT F: AGAACAGGCGTCACACAGAT 58.4 109
R: GGTGGTGATTTGGTGGCATT
ChIP-qPCR primers
BRDT F: GGCTCAGACTCCTACACCTTTT 62.1 110

R: CAGGCGCTTTTATAGAAGACCC

RT-PCR; Reverse transcription polymerase chain reaction and ChlP-qPCR; Chromatin Immunoprecipitation quantitative real-time PCR.

Results
Expression pattern of the BRDT gene

The mRNA expression level of the BRDT gene was
evaluated by using real time-RT-qPCR. Amongst the three
groups, there was a decrease in the BRDT gene expression
in the SMA group in comparison with the OA control
group while, SCOS group showed less expression level

(Fig.1).
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Fig.1: Relative mRNA expression of BRDT gene normalized to GAPDH in
testicular samples with OA (n=10), SMA (n=10) and SCOS (n=10). Values
are mean * SEM. *; P<0.05, OA; Obstructive azoospermia, SMA; Round
spermatid maturation arrest, and SCOS; Sertoli cell-only syndrome.

Incorporation of histone marks: H3K9ac, H3K9me3,
H3K4me3 and H3K27me3 on the BRDT gene promoter

Incorporation of H3K9ac, H3K9me3, H3K4me3,
H3K27me3 on the promoter region of BRDT gene was
evaluated by ChIP-qPCR assay. Compared to the OA
control group, in the SMA group, the active histone marks
of H3K9ac and H3K4me3 decreased on the BRDT gene

promoter, while the repressive marks of H3K9me3 and
H3K27me3 showed some increase in this group. All
results are presented in Figure 2.
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Fig.2: Incorporation of H3K9ac, H3K9me3, H3K4me3, H3K27me3 on the
regulatory region of BRDT gene in patients of different groups: OA (n=5),
SMA (n=5) and SCOS (n=5). Values are mean + SEM. **; P<0.01, *; P<0.05,
OA; Obstructive azoospermia, SMA; Round spermatid maturation arrest,
and SCOS; Sertoli cell-only syndrome.

Discussion

Spermiogenesis is one of the most important stages of
spermatogenesis. During spermiogenesis, the haploid
spermatids completely transform and differentiate to
mature spermatozoa which contain a highly condensed
genome (11).

BRDT plays an important role in the acetylation-
dependent histone substitution during spermiogenesis
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(3, 4, 6) and its reduced expression level might
cause spermatogenesis failure (12). Omitting first
bromodomain of Brdt, Shang et al. observed defects
during spermiogenesis in a mouse model (7). In parallel
with these findings, Gaucher et al. (6) concluded by Brdt
knock-out mice that Brdt is required at both meiotic and
post-meiotic stages.

Our findings showed that in the infertile men with post-
meiotic defects, the BRDT expression level is decreased
in comparison with the positive control group. Also, our
ChIP results indicated that the reduced expression of
BRDT in these patients could be due to a wrong epigenetic
signaling.

Indeed, association H3K9ac at the regulatory regions
of BRDT with its active expression, a decrease in may
lead to a lower the BRDT expression level in the SMA
group. In addition, the occurrence H3K9me3 on the
BRDT regulatory regions could prompt gene silencing in
the SMA group.

Furthermore, histone methylations of H3K4me3 and
H3K27me3 on the BRDT promoter can modulate gene
expression and gene silencing, respectively. Our ChIP
results showed that H3K4me3 was decreased in the SMA
group, while H3K27me3 was slightly higher in the same
group in compared with the positive control group. These
results are completely in line with our conclusions on
the epigenetic perturbation of BRDT genes in the SMA
group. It is worthwhile to mention that in order to assess
this matter more accurately, further investigations with
a larger number of patients including more epigenetic
marks are required.

Conclusion

It can be assumed that epigenetic regulation of BRDT
gene and its deregulated expression is associated
with male infertility in patients with round spermatid
maturation arrest.
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Abstract

Following SARS-CoV-2 China epidemic in the December 2019, researches have attended to the genome of novel
coronavirus. Hidden corners of SARS-CoV-2, maybe a shiny way to discover its pathogenicity and virulence. To
design therapeutic agents, it is critical to map the complete repertoire of viral-translated proteins. Ribosome profiling is
considered as a snapshot of all active ribosomes in a cell at a specific time point.
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Coronaviruses (CoVs) are recognized as a single-
stranded RNA virus with a genome length from 26 to
32 kilobases, that belongs to the Coronaviridae family.
Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), a novel member of this family, is known as the
first global concern since 2019 and still, kills so many
people every day (1-4). Since the first days, so many
studies focused on its full genome. The SARS-CoV-2
genome displays a body similar to other CoVs. This
positive-sense single-stranded RNA (+ssRNA) virus
contains a 5'-cap and a 3'-poly-A tail (5, 6). Like the
other CoVs, a frameshift mechanism at the 5-end of
SARS-CoV-2 between viral open reading frames (ORFs),
including ORFla and ORF1b, facilitates the synthesis
of two polypeptides One of these viral proteases,
that named 16 non-structural proteins (Nspl-16), are
necessary for different stages of the virus life cycle (7).
These nonstructural proteins are included viral proteases,
nuclease, helicase, methyltransferase, RNA-dependent
RNA polymerases (1, 8, 9).

Hidden corners pathogenicity and virulence of SARS-
CoV-2 are critical points to design effective therapeutic
agents. Mapping the complete repertoire of viral-
translated proteins is one of these points. The present map
ofviral translation capacity is according to bioinformatical
analysis, and its homology with other CoVs (10). Since
the protein profile is various among CoVs, particularly
about the accessory proteins, it is essential to describe
the exact variety of viral proteins in an open-ended way.
Hence, in a recent study, ribosome-profiling methods
were used as a high-resolution approach for mapping of

coding regions in this RNA virus to precisely account for
the canonical viral ORFs in the proteome level to identify
viral ORFs (11). Ribosome profiling is also known as
ribo-seq is a useful approach that offers in vivo genome-
wide data on protein synthesis (GWIPS). This technique
is established based on deeply sequencing of ribosome
protected sequences of mRNA that provides the analysis
of ribosome density associate with total RNAs existing
in cells. Also, its capacity in high resolution analysis
provides a good chance to detailed analysis for individual
RNAs (12).

In this technique, mRNA fragments and recovered
footprints are transformed into an appropriate feature
for massive sequencing. Performing analysis on its
outcomes will give us the measured translation capacity
of ribosomes at the scale of whole-genome. So ribosome
profiling is capable to be utilized for assessing the quantity
of viral protein translation. While a large quantity of
transcripts in a fraction of polysome is evaluated by
microarray techniques or RNA-seq, Ribo-seq method
has been identified as a common approach to discovering
genes involved in the translation process. Although,
ribo-seq previously was applied for polysome analysis
in which isolation of protein-coding mRNAs occurs by a
gradient of sucrose (13). The actual potential of ribosome
profiling is its capability to acquire data on the distinct
position by considering ribosome positions on mRNAs,
what makes its priority to similar methods. This point is
critical for some details. Detection of an mRNA fragment
in association ribosomes necessarily does not tell us that
our fragment of the mRNA is completely translated. In
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other words, ribosomes can associate with an mRNA
fragment that do not generate a protein, since translation
can’t happen at non-coding mRNA (14).

The genome of SARS-CoV-2 encodes at least 13 known
open reading frames, organized largely linearly from the
5" end to the 3’ end (15, 16). However, Salehi et al. (17)
reported that the full genome sequence of SARS-CoV-2
has 10 ORFs.

Ribosome profiling as a novel and useful technique
can be used to discover hidden corners of pathogens.
It is important to map the complete repertoire of viral-
translated proteins to design and develop effective
therapeutic agents.
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