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Guide for Authors

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 by publishing the most recent scientific research studies based on medical and
developmental biology including cell therapy and regenerative medicine, stem cell biology reproductive medicine, medical
genetics, immunology, oncology, clinical biochemistry, neuroscience, and tissue engineering. Cell J, has been certified by the
Ministry of Culture and Islamic Guidance since 1999 and 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 90).

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 90).

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 all the authors’ contributions. This
participation must include: Conceptualization, Methodology, Software, Validation, Formal analysis, Investigation, Resources,
Data Curation, Writing - Original Draft, Writing - Review & Editing, Visualization, Supervision, Project administration, and
Funding acquisition. 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
enclosed manuscript to Cell J." The corresponding author must confirm the proof of the manuscript before online publishing.
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.

Itis 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. Please contact us via info@celljournal.org in case of any changes
(corrections, retractions, erratum, etc.).

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 exactmethods or observations of experiments. Ifan 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 I1I 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 TIF format
with 300 DPI resolution.

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

Discussion: It should emphasize the present findings and the variations or similarities with other researches done by other research-
ers. 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. Corresponding authors should send the manuscripts via the Online Manuscript Submission System. All submissions will
be evaluated by the associated editor in order to check scope and novelty. If the manuscript suits the journal criteria, the
associated editor would select the single-blind peer-reviewers. The reviewers of the manuscript must not share information
about the review with anyone without permission of the editors and authors. If three reviewers pass their judgments on the
manuscript, it will be presented to the associated editor of Cell J. In the case of having a favorable judgment on the manuscript,
reviewers’ comments will be presented to the corresponding author (the identification of the reviewers will not be revealed).
After receiving the revision, the associated editor would choose the final reviewer among the previous ones. The final decision
will be taken by editor-in-chief based on the final reviewer’s comments. The review process takes between 2 to 4 months in
Cell J. 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 the journal office. Finally, the executive
manager will respond promptly to authors’ request.

After receiving the acceptance letter, the abstract of the paper would be published electronically. The paper will be in a queue
to be published in one Cell J. At last, the corresponding author should verify a proof copy of the paper in order to be published.

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 .
PO. Box: 16635-148, Iran
Tel/Fax: + 98-21-22510895
Emails: info@celljournal.org

journals@celljournal.org
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Abstract
Objective: Some cationic anti-microbial peptides show a wide range of cytotoxic action versus malignant cells,
which may lead to developing a novel group of antitumor medications. In the present study, the anticancer activity of
pleurocidin-like peptide WF3 isoform X2 (AMP-WF3), from the Poecilia Mexicana fish, against leukemic cell line Jurkat
was evaluated, and the cytotoxicity compared with the effects on normal cells, including peripheral blood mononuclear
cells (PBMCs) and human dermal fibroblast (HDF) cells.

Materials and Methods: In this experimental study, cells were treated with various dosages of AMP-WF3 for 24 hours.
Using methyl thiazole tetrazolium salt reduction (MTT test), the effects of the AMP-WF3 on cell viability and toxicity
were evaluated. The impact of this peptide on apoptotic pathways was examined using flow cytometry and Annexin
V-PI stains. Additionally, the relative expression of the P53, P21, and BCL-2 genes was evaluated using a real-time
polymerase chain reaction.

Results: The Jurkat cell line was more susceptible to AMP-WF3 cytotoxicity [half-maximal inhibitory concentration
(IC,,)=50 pM], while normal cells (PBMCs and HDF) were less susceptible. Flow cytometry verified that the apoptotic
activity of AMP-WF3 on Jurkat cells was significantly higher than that of HDF and PBMCs. Peptide-treated Jurkat cells
were associated with increased expression of P21, and P53 genes. In contrast, the changes in P21, P53, and BCL-2
genes differed in PBMCs and HDF cells. In HDF cells, simultaneous increase of P21, P53, and BCL-2, and in PBMCs,
only the increase of BCL-2 was observed.

Conclusion: Our research showed that AMP-WF3 could be developed as a novel treatment agent with minimum side
effects for ALL patients.
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Introduction

Despite considerable advances in cancer research and
treatment, the illness continues to be one of the major causes
of death worldwide. In 2018, approximately 18,000,000
instances of cancer were reported, with 9,000,000 dead as a
result (1). Leukemia, caused by the uncontrolled growth of
the hematopoietic cell lineage, is one of the most prevalent
kinds of cancer. Multiple causes, including genetics,
infections, toxins, and radio waves, can result in leukemia
(2). In recent decades, there have been advancements in
treating childhood leukemia with stem cell transplantation.
Still, chemo drug continues to be the dominant therapeutic
option for adults, with less treatment response, particularly
in those aged over 50 years (3).

Chemotherapeutic medicines used to treat leukemia are

nonspecific, affecting both malignant and healthy cells
and organs (4). Some medications, such as Doxorubicin
and Arsenic trioxide, have serious side effects (5).
Doxorubicin causes oxidative stress, which harms vital
organs like the heart, kidneys, and brain (6). Arsenic,
one of the components used in the chemotherapy
regimen for refractory leukemia treatment, can induce
mandibular bone necrosis (7). Due to the challenges
connected with current therapies, such as many mental
and physical problems in patients and the inefficacy of
these treatments in reducing cancer cells, new safe and
effective medications for leukemia treatment must be
developed as early as possible (8).

Cationic  anti-microbial peptides (CAPs) are
polypeptides that typically contain between 5 and 100
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amino acids (9). These peptides, which are made up
of alkaline amino acids, play a significant role in
the host immune response (10). CAPs are classified
as a-helical, b-sheet, loop, or extended peptides
based on the secondary structure they develop while
interacting with biological membranes (11). These
peptides can stimulate the secretion of cytokines,
decrease inflammation, and destroy cancer cells and
bacteria (12). CAPs were shown to kill malignant
cells in experimental and clinical investigations (13).
Some of the targets these peptides interact with to
kill cancer cells include phosphatidylserine, heparan
sulfate proteoglycans, chondroitin sulfate, and
O-sialoglycoproteins (14). Pleurocidins are a novel
family of CAPs resembling cathelicidins in structure
and function (15). This peptide was first discovered
in the winter flounder’s skin-secreted mucus
(pleuronectes americanus) (16). In 2003, 20 types of
NRCs of pleurocidin-like peptides were discovered
in various species of Flanders (17). These peptides,
like magainin 2, create pores in lipid membranes.
In addition, Pleurocidins have weak hemolytic and
moderate antibacterial activity (18). When these
peptides interact with biological membranes, they
form an alpha-helix (19). These peptides’ apoptosis
mechanism is twofold: i. Membranolytic targets: they
cause cell death by reacting with extracellular receptors
or creating instability in the plasma membrane, ii.
Non-membranolytic targets: they cause cell death
by reacting with intracellular proteins and inducing
apoptosis (12). The amount of negatively charged
on the outer layer of different malignant cell types
determines the mode of action of these peptides. In
investigations on pleurocidin’s anti-cancer potential,
the peptides NRC-07 and NRC-03 from the pleurocidin
family were found to be effective in killing multiple
myeloma and breast cancer cells (20). Additionally, it
was demonstrated in the recent study that NRC-03 may
trigger apoptosis in oral squamous cell carcinoma by
activating the CypD-mPTP axis, which is brought on
by mitochondrial oxidative stress (21).

In the present studies, we evaluated the cytotoxicity of
a pleurocidin-like peptide WF3 (AMP-WF3) isoform X2
from Poecilia Mexicana fish against Jurkat cells, as well
as its impact on P21, P53, and BCL-2 expression.

Materials and Methods

Database search

The AMP-WEF3 signal sequences MKCATLFLVLSM-
VVLMAEPGDA were predicted as a query for search-
ing against fish in NCBI (https://www.ncbi.nlm.nih.gov)
using the parameters of the BLOSUMG62 matrix method,
Gap Costs, existence 11, and extension 1.

Sequence analysis

The coding DNA sequence was identified using the ORF
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finder (https://www.ncbi.nlm.nih.gov/orffinder). The
amino acid sequence of pleurocidin-like WF3 isoform X2
(XP 014834597.1) was provided in P 4.0 (http://www.cbs.
dtu.dk/services/SignalP/) and (https:/www.genome.jp/
tools/motif/) to find the peptide signals and motifs. CAMP
(http://www.camp.bicnirrh.res.in/predict) predicted the
position of mature anti-microbial peptide (AMP) on its
precursor. Anti-microbial characteristics were predicted
using an anti-microbial peptide calculator and predictor
(APD3) (http://aps.unmc.edu/AP/prediction/prediction
main.php), and most AMPs that were comparable to
prospective AMPs were discovered. The protein was
provided in the helix rotation scheme (http://rzlab.ucr.
edu/scripts/wheel/wheel.cgi) to forecast the helix and
the hydrophilic interaction and hydrophobicity on the
secondary structure of the peptide, the peptide sequence,
and the amino acid sequence. The peptide’s 3D structure
was predicted using [-TASSER (http://zhanglab.ccmb.
med.umich.edu/ I-TASSER /), an online protein structure
prediction site.

Peptide synthesis

AMP-WF3 (amino acid sequence:
FLKSLWRGVKAIFNGARQGYKEHKN) from
Poecilia Mexicana fish (Pepmic, Suzhou, China) was
produced using a solid phase technique based on Fmoc
(9-fluorenyl-methoxycarbonyl) chemistry. This peptide
was isolated using a SHIMADZU Inertsil ODS-SP (4.6
250 mm 5 m) column in RP-HPLC. For 30 minutes,
the peptide was eluted with a 0-100% H,O/acetonitrile
gradient containing 0.1 percent trifluoroacetic acid
(TFA). The peptide was homogeneous in an analytical
high-performance homogeneity experiment utilizing
an Inertsil ODSSP column, indicating a purity of 95%.
The atomic mass of isolated peptides was successfully
determined using mass spectrometry (MS).

Cell culture

The Pasteur Institute provided us with Jurkat and
human dermal fibroblast (HDF) cell lines (Tehran,
Iran). Jurkat cell lines were maintained in RPMMI1640
medium with L-glutamine (Caisson, USA), and HDF cell
lines were maintained in DMEM.F12 medium (Caisson,
USA) and 1% non-essential amino acid solution (Sigma,
USA), supplemented with 10% heat-inactivated fetal
bovine serum (FBS, Gibco, USA), 100 U/ml penicillin,
and 100 pg/ml streptomycin (Caisson, USA) in 5%
CO, environment at 37°C. Cells were passaged for
optimum development and proven free of Mycoplasma
and Endotoxin contamination. The cells were only
employed if trypan blue exclusion revealed that more
than 95% of them were viable. Healthy human peripheral
blood mononuclear cells (PBMCs) were extracted from
heparinized blood using Ficoll and utilized immediately.

Isolation of PBMCs via Ficoll

Whole blood was obtained in 10 mL EDTA tubes to
isolate PBMCs. Phosphate Buffer Saline was added to
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fresh blood in equal amounts. In a sterile tube, phosphate
buffer saline was mixed with an equal amount of fresh
blood. Whole blood with PBS was added to a 50 ml
canolical tube in a 2: 1 ratio, and centrifuged in a swinging
bucket rotor without brake for 30 minutes at 20°C at 800
g. The middle layer was slowly pouredinto a new 50
ml falcon, then washed twice with PBS at 300 g for 10
minutes with the break. After washing twice, the formed
pellet was dissolved in 1 ml of RPMI1640 medium, and
the cells were counted.

MTT assay

Different concentrations of AMP-WF3 were incubated
with Jurkat cells, PBMCs, and HDF cells, and cytotoxic
activity was measured using the MTT test (ROTH, USA).
In brief, 2x10* Jurkat cells and PBMCs were seeded in
96-well plates in medium with different concentrations
of AMP-WF3 (6.25, 12.5, 25, 50 uM), and 1x10* HDF
cells were sown in 96-well plates in media with varying
concentrations of AMP-WF3 (6.25, 12.5, 25, 50 pM).
After 24 hours, 10 uL MTT was added to each well, and
the plates were incubated at 37°C for 4 hours, and then
the formazan crystals were subsequently solubilized in
dimethyl sulfoxide (DMSO, Bioscience, USA, 100 pl/
well). The optical absorbance was measured at 570 nm
after 30 minutes. The final findings were calculated
using an average of at least three repeated testings, and
control cell survival was assumed to be 100%. The half-
maximal inhibitory concentration (IC,)) value for Jurkat
cells was the peptide dosage that resulted in a 50% drop
in absorbance compared to the control. The viable cell
percentage was estimated using the formula: absorbance
sample - absorbance blank/absorbance control -
absorbance blank x100.

RNA extraction, ¢cDNA synthesis, and real-time
polymerase chain reaction

The TRIzol reagent was used to extract total RNA
from cultivated cells in each group (Yekta Tajhiz Azma,
Iran). Gel electrophoresis and the Nanodrop spectrometer
were used to assess the RNA quality and quantity.
Complementary DNA was produced according to the
manufacturer’s instructions using a random hexamer
primer and the reverse transcriptase M-MLV (Yekta
Tajhiz Azma, Iran). Bonbiotech (Bonbiotech, Inc., Iran)
synthesized primers for polymerase chain reaction
(PCR) amplification, as shown in Table 1. Step One
Plus Real-Time PCR devices were used to assess the
mRNA expression in the cells (Applied Biosystems,
USA). According to the manufacturer’s instructions, a
2X YTASYBR Green PCR Master Mix kit (Yekta Tajhiz
Azma, Iran) was used to evaluate the expression of p53,
p21, and BCL-2 mRNAs in Jurkat cells, PBMCs, and
HDF cells. Briefly, 2 pl of cDNA product, 1 pl of each
primer, 10 pl of 2X YTASYBR Green, and 7 pl of DEPC
water were diluted to a final volume of 20 pl. (Sina Gene,
Iran). An initial denaturation phase at 95°C for 2 minutes
was followed by 40 cycles of denaturation at 95°C for 5
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seconds, annealing, and extension at 60°C for 30 seconds.
HPRT was used as a reference gene to assess the mRNA
expression levels of P21, P53, and BCL-2.

Table 1: Real-time polymerase chain reaction primer sequences

Product size
(bp)
88

Target Primer sequence (5'-3")
gene

HPRT F: GGACAGGACTGAACGTCTTGC
R: ATAGCCCCCCTTGAGCACAC

P21 F:GAGGCCGGGATGAGTTGGGAGGAG 221
R: CAGCCGGCGTTTGGAGTGGTAGAA

P53 R: TAACAGTTCCTGCATGGGCGGC 121
R: AGGACAGGCACAAACACGCACC

BCL-2 F: GGTGGGGTCATGTGTGTGG &9

R: CGGTTCAGGTACTCAGTCATCC

Apoptosis assay

Apoptosis was determined using a bicolor flow
cytometric technique with an Annexin V/PI testing kit. In
summary, 2x10* cells were inoculated into 6-well plates
with or without AMP-WF3 in the medium. Following
overnight incubation, the cells were collected, washed
in PBS, and re-suspended in 500 pL of binding buffer.
The sample was combined with FITC-conjugated
Annexin V and PI, and the combination was then
incubated for 10 minutes on ice in the dark. Following
flow cytometry examination of the labeled cells, the
percentage of apoptotic cells was calculated using Cell
Quest software.

Statistical analysis

All experiments were performed in triplicate, and
results were reported as mean and standard deviation.
The results were analyzed by the Wilcoxon rank test and
ANOVA test by Graph Pad Prism version 9 (GraphPad
Software Inc, USA) and SPSS v.22 software (IBM SPSS
Statistics, USA). The significance level of statistical tests
was considered to be 0.05 (P<0.05).

Ethical issue

This investigation has been approved by the Ethical
Committee of Bushehr University of Medical Sciences
(IR.BPUMS.REC.1398.013).

Results

Database search

When the pleurocidin peptide signal was used as a query
in BLASTP against fish, a precursor to a new AMP, the



pleurocidin-like peptide (XP_014834597.1) was found.
The output list was checked for conserved peptide signal,
and a score (81.82% detection score, 100% coverage
score) was presented in the amino acid sequence as a
potential, pleurocidin-like peptide (XP_014834597.1).
After BLASTP, the results were as follows: The signaling
region of pleurocidin-like peptide is 1 to 22 amino acids,
and the cut-off region is between 22 and 23 amino acids
(Fig.1). The desired sequence used in the research is as
follows: FLKSLWRGVKAIFNGARQGYKEHKN, which
is one of the amino acids from 23 to 44 (Table 2).

Jurkat cell line viability was inhibited by an AMP-
WEF3

The MTT assay was used to test the peptide’s anti-
cancer efficacy in Jurkat cells. After treatment with 6.25
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uM pleurocidin-like peptide, more than 90% of Jurkat
cells survived, and the viability of Jurkat cells decreased
substantially as the peptide concentration increased. The
IC,, of the pleurocidin-like peptide was 50 uM in Jurkat
cells (Fig.2).

The AMP-WEF3 was less cytotoxic against PBMCs and
HDF cells compared with Jurkat cells

MTT test was used to determine the cytotoxicity of the
pleurocidin-like peptide against normal cells (PBMCs
and HDF cells). Following treatment with 6.25 uM
of the pleurocidin-like peptide, more than 90% of the
cells remained alive, and after treatment with 50 pM,
more than 70% remained viable, demonstrating that this
pleurocidin-like peptide had minimal cytotoxicity against
PBMCs and HDF cells (Fig.2).

Table 2: The score of each sequence is ranked according to the sequence position with anti-microbial properties (AMP)

Seq ID Position Sequence Class AMP probability
1 1-25 FLKSLWRGVKAIFNGARQGYKEHKN AMP 0.969
1 2-26 LKSLWRGVKAIFNGARQGYKEHKNQ AMP 0.853
1 3-27 KSLWRGVKAIFNGARQGYKEHKNQR AMP 0.761
1 4-28 SLWRGVKAIFNGARQGYKEHKNQRR AMP 0.786
1 5-29 LWRGVKAIFNGARQGYKEHKNQRRE AMP 0.661
1 6-30 WRGVKAIFNGARQGYKEHKNQRREE AMP 0.536
1 7-31 RGVKAIFNGARQGYKEHKNQRREEK AMP 0.595
1 8-32 GVKAIFNGARQGYKEHKNQRREEKL AMP 0.575
1 9-33 VKAIFNGARQGYKEHKNQRREEKLA AMP 0.566
1 10-34 KAIFNGARQGYKEHKNQRREEKLAN AMP 0.533
1 11-35 AIFNGARQGYKEHKNQRREEKLANA AMP 0.500
1 12-36 IFNGARQGYKEHKNQRREEKLANAK AMP 0.515
1 13-37 FNGARQGYKEHKNQRREEKLANAQ AMP 0.484
1 14-38 NGARQGYKEHKNQRREEKLANAKD AMP 0.450
1 15-39 GARQGYKEHKNQRREEKLANAKDM AMP 0.358
1 16-40 ARQGYKEHKNQRREEKLANAKDMQ AMP 0.327
1 17-41 RQGYKEHKNQRREEKLANAKDMQD AMP 0.350
1 18-42 QGYKEHKNQRREEKLANAKDMQDQ AMP 0.366
1 19-43 GYKEHKNQRREEKLANAKDMQDQQ AMP 0.404
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Fig.1: Peptide signal and cleavage area were predicted using SignalP 5.0
server. Positions 22 and 23 are the protein sequences of the cleavage area.
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Fig.2: Viability of Jurkat, PBMCs, and HDF cells after treatment with
pleurocidin-like peptide (24 hours). PBMCs; Peripheral blood mononuclear
cells and HDF; Human dermal fibroblast.

Examining necrosis and apoptosis in leukemia cells
treated with peptide versus normal cells treated with
peptide

A red fluorescent dye called PI was used to precisely
mark necrotic cells. A dual marking with Annexin
V-FITC/PI was used to examine apoptosis and necrosis.
Treatment of Jurkat cells with 50 uM Pleurocidin resulted
in 13% early apoptosis, 24% late apoptosis, and 14%
necrosis (Fig.3A, B). While HDF cells also showed
about 14% early apoptosis, about 16.5% late apoptosis,
and 2% necrosis after Pleurocidin treatment (Fig.3C, D).
Additionally, around 16.5 % early apoptosis, 9% late
apoptosis, and 10% necrosis were observed in PBMCS
treated with peptide (Fig.3E, F).

Expression of genes P53, P21, and BCL-2 in JURKAT
cells in response to the AMP-WF3

gRT PCR was used to evaluate the expression levels
of P21, P53, and BCL-2 in Jurkat cells treated with the
AMP-WF3 at a concentration of 50 uM versus untreated
cells. P21 and P53 mRNA levels rose considerably after
24 hours in the pleurocidin-like peptide-treated group
compared with the untreated group. P2/ and P53 gene
expression rose by 175.095 and 10.33 folds, respectively
(Fig.4A, B).

The treated group’s BCL-2 gene expression was
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enhanced 3.655-fold compared to the untreated, but this
was not statistically significant (Fig.4C).
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Fig.3: Based on the annexin assay. A. Flow cytometry of Jurkat cells in
the control group, B. Jurkat cells treated with Pleurocidin peptide, C. HDF
cells in the control group, D. HDF cells treated with Pleurocidin peptide,
E. PBMC cells in the control group, and F. PBMCs cells treated with
Pleurocidin peptide. PBMCs; Peripheral blood mononuclear cells and HDF;
Human dermal fibroblast.

Effect of the AMP-WF3 on P53, P21, and BCL-2 gene
expression in PBMCs

The expression levels of P2/, P53, and BCL-2 in
PBMC:s treated with peptide at a concentration of 50 uM
versus control pPBMCs were evaluated using qRT PCR.
After 24 hours, the expression of P53 and P2/ genes in
the treated groups did not change compared to the control
group, but the expression of BCL-2 in the treated group
increased compared to the untreated group (Fig.4D-F).

Effect of the AMP-WF3 on P53, P21, and BCL-2 gene
expression in HDF cell lines

gRT PCR was used to compare the expression levels
of P53, P21, and BCL-2 in HDF cell lines treated



with a 50 uM dose of AMP-WF3 to untreated cells.
P21, P53, and BCL-2 expression were significantly
higher in the peptide-treated groups than in the
control group. P21, P53, and BCL-2 gene expression
levels were elevated by 21.67, 68.97, and 112.98
times, respectively, as a result of this (Fig.4G-I).

The comparison of apoptotic and anti-apoptotic gene
expression in peptide-treated leukemia and peptide-
treated normal cells

P21 gene expression rose 37-fold in the peptide-treated
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Jurkat cells compared with the peptide-treated PBMCs
and 8-fold in the peptide-treated fibroblast cells, both
of which were statistically significant (P=0.032 and
P=0.026, respectively). P53 gene expression increased
9-fold in the peptide-treated Jurkat cells compared with
the peptide-treated PBMCs (P=0.057) and decreased
6.67-fold compared with the peptide-treated fibroblast
cells, which was statistically significant (P=0.043). BCL-2
expression of genes raised 7.64-fold in the peptide-treated
Jurkat cells compared with the peptide-treated PBMCs
(P=0.110) and 1.36-fold in the peptide-treated fibroblast
cells (P=0.842) and was not statistically significant.
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Discussion

Current anti-cancer medications have many side effects
and must be absorbed into the cell to work, so cancer
cells can build resistance to them by pumping them out of
the cell. Some AMPs, on the other hand, appear to have
unique anti-cancer capabilities, making them promising
new anti-cancer options. In this study, the effects of
the pleurocidin-like peptide on Jurkat cells as a target
group and HDF cells and PBMCs as control groups were
investigated.

We found that changes in the dose of AMP-WF3 were
associated with the lethality of Jurkat cells and that the
peptide IC, in Jurkat cells was 50 uM. Furthermore, this
peptide exhibited decreased toxicity in normal PBMC and
HDF cells.

The structure of the cell membrane is important in the
function of peptides because AMP interaction with cancer
cells can disrupt the cell membrane or penetrate the cell
and influence intracellular proteins (22).

The cytotoxicity of pleurocidin family members such
as NRC-03 and NRC-07 in multiple myeloma cells was
studied, and it was shown that these cells were more
vulnerable to NRC-03 than to NRC-07 (20). On the other
hand, HL60 cell lines were similarly sensitive to different
types of peptides NRC of this family (23). Furthermore,
a previous study on the effect of pleurocidin peptide
on breast cancer cells revealed that, in comparison to
leukemia cells, a higher peptide concentration is required
to achieve an effective rate of cell death in breast cancer
cells, which is likely because breast cancer cells are
larger than leukemia cells (20). According to recent
research, NRC-03 suppresses OSCC cell proliferation at
concentrations between 15 and 75 pg/ml throughout the
course of the therapy. While NRC-03 at higher doses, 60
and 75 pg/ml, mainly causes cytotoxic in normal Human
Oral Keratinocytes cells (21).

One of the leading causes for the differences in peptide
effects on cancer cell types is the negative charge on
the cell membrane surface. The outer lipid membrane
of Jurkat cells contains high levels of cholesterol,
phosphatidylserine,  phosphatidylethanolamine, and
phosphatidylinositol, all of which are associated with
poor prognosis, while the outer surface of normal cell
membranes of PBMCs and HDF is mainly made of
Phosphatidylcholine and Sphingomyelin, which has
zwitterionic properties (24).

The strong bonding and selective breakdown of
cancer cell membranes are thought to be promoted by
electrostatic adsorption between negatively charged
cancer cell components and positively charged AMPs.
The cationic anti-microbial peptide concentration is
another factor involved in peptide’s action on target
cells; at toxic concentrations, the peptide disrupts
cancer cell membranes, but at lower concentrations,
it enters the cell and activates apoptotic signaling
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pathways (13).

Although the permeability system of this peptide in the
Jurkat cell membrane has not been studied, the behavior
of the pleurocidin family in two planar lipid layers has
shown that ion channels are formed based on the toroidal
model (25).

The combined peptides and lipids generate well-defined
pores in the toroidal model. In contrast, the hydrophilic
portions of the head groups of peptides and phospholipids
face the center of the pores and produce aqueous pores.
Due to the tilt of lipid molecules, the membrane bends
inward, generating a hole surrounded by lipid head
groups and filled by peptides (26). The findings show
that peptides combine and establish a channel-like hole
throughout the membrane after 2.5 ps of simulations (27).

Resistance to apoptotic processes is a major strategic
factor in pathogenesis of acute lymphoblastic lukemia
(ALL). As a result, many medications aim to stimulate
apoptosis to accomplish the desired outcomes (28).
Understanding the molecular processes that generate
leukemia might lead to the development of novel
treatments that extend the lives of patients (29). Most
alpha-helical AMPs primarily inhibit cancer by inducing
necrosis and apoptosis (30). P53 protein levels rise in
response to DNA-damaging anti-cancer stimulation,
and rising p53 levels, in turn, lead to apoptosis. In cells
undergoing either p53-mediated G1 arrest or apoptosis,
the p21 protein has been observed to be induced (31). P21
is an essential regulator of cell growth arrest, especially
when the genome is harmed by damaging agents.
However, because P21 plays such a critical function in
cell cycle regulation, mutations in this gene are extremely
rare (32). Some cationic anti-microbial peptides, such
as LL37, are structurally and functionally similar to
pleurocidins (15). This peptide inhibits colon cancer
by initiating a caspase-independent apoptotic cascade
driven by p53 (33). Significantly, treatment of LL-37 with
induction of caspase-independent apoptosis kills Jurkat T
leukemia cells (34). LL-37 is paradoxically involved in
spreading cancers of the breast, ovaries, lungs, prostate,
and pancreas (35). Another cationic anti-microbial peptide
is Buforin IIb alpha-helix, which leads to the death of
prostate cancer cells by decreasing BCL2 and increasing
P21 and P53 (36). Another peptide that has an anti-cancer
role is temporin-1CE, which in high concentrations,
disrupts the plasma membrane and causes the lysis of
breast cancer cells. In contrast, its lower levels cause cell
death by intracellular mechanisms (37). The pleurocidin-
like peptide WF3 was linked to elevated levels of p53 and
p21 gene expression in this study, indicating that Jurkat
cell growth was reduced.

In earlier studies, pS3 activation was shown as a result
of DNA damage caused by the CAP reaction and a lack of
DNA repair (38).

Bcl-2 is an inhibiting apoptosis protein that promotes
cell survival and proliferation by inhibiting the function
of pro-apoptotic proteins. In leukemia, the expression of



inhibiting apoptosis proteins such as BCL2 is increased
(39). The Bcl-2 family of proteins has long been thought
to be essential regulators of drug-induced mitochondrial
apoptosis. Furthermore, elevated BCL-2 levels have been
linked to poor treatment response (40). Our data further
showed that in Jurkat cells, AMP-WF3 did not affect the
BCL2 gene.

This is the first research to look at the influence of
the pleurocidin-like peptide WF3 isoform X2 on the
expression of the p53, p21, and Bcl-2 genes, as well as
apoptosis and cell growth inhibition in the Jurkat cell line.

Conclusion

In brief, the present investigation demonstrated that
AMP-WF3 exhibited good cytotoxicity versus acute
lymphoblastic cell line but had lower cytotoxicity toward
normal cells. The apoptotic and necrotic activity of AMP-
WEF3 on Jurkat cells was much higher than that of HDF
and PBMCs, according to Annexi V-PI. In Jurkat cells, the
IC50- AMP-WF3 activates signaling pathways P21 and
P53, leading to cell cycle arrest and cell apoptosis, and
also did not affect the BCL-2 gene. However, the effect
of the peptides on HDF cells showed a high expression
of BCL-2 anti-apoptotic protein along with an increase
in P53 and P21 protein compared to control cells. The
effect of peptides on PBMC cells in a healthy individual
did not change the expression of P2/ and P53, but the
expression of BCL-2 in the treated group showed an
increase compared to the untreated group.
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Abstract
Objective: Minimal residual disease (MRD) is considered the greatest prognostic factor in acute lymphoblastic leukemia
(ALL). MRD is a valuable tool for anticipating impending relapse and treatment response assessment. The objective of
the present study was to investigate whether the detection of IgH gene rearrangement using polymerase chain reaction
(PCR)-based GeneScan analysis could be a complementary method to monitor MRD along with the quantitative real-
time PCR (gPCR).

Materials and Methods: In this cross-sectional study, we valued the MRD levels, based on the GeneScanning analysis
(GSA), and then compared the data with quantitative real-time polymerase chain reaction at different time points in
peripheral blood (PB) samples of adult B-lineage ALL patients (n=35). The specific polymerase chain reaction (PCR)
primers for IGH gene FR-1 and fluorescence-labeled J-primer were used and analyzed by capillary gel electrophoresis
on a sequencer. The results of this study were compared with the previously reported MRD results obtained by the IGH
rearrangements allele-specific oligonucleotide (ASO) -qPCR methods.

Results: The total concordance rate was 86.7%, with a P<0.001. MRD results obtained by GSA and ASO-gPCR methods
were concordant in all diagnostic samples and samples on the 14" and 28" days of induction therapy. The results of these 2.5
years’ follow-ups demonstrated a significant correlation between the two techniques (r=0.892, P<0.001).

Conclusion: It seems that the PCR-based GeneScan analysis of IGH gene rearrangement detection may be a valuable
molecular technique to distinguish monoclonality from polyclonality. And also, it may be a precise tool to detect the
residual leukemic DNA in the PB follow-up samples of patients.
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Minimal Residual Disease
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Introduction

Acute lymphoblastic leukemia (ALL), a malignant
disorder, is caused by the proliferation and accumulation
of clonal lymphoblasts in the bone marrow that can be
of derived cell lines, including B-cell (80-85%) or T-cell
(20-25%) (1). Despite high rates of complete remission
(CR) achievement with current treatment regimens,
approximately 30 to 50% of adult ALL patients and 10
to 20% of pediatric ALL patients with CR show various
degrees of residual leukemia (2-6). The residual leukemic
cells resistant to chemotherapy, termed "minimal

residual disease (MRD)", are the major cause of relapse
and treatment failure in patients with ALL. Sequential
monitoring of MRD can reliably predict the response to
treatment and the risk of relapse (7-9).

A meta-analysis of 39 studies, including 13637 patients
with ALL, concluded that 10-year event-free survival
for MRD negativity vs. MRD positivity was 64 vs. 21%
for adults and 77 vs. 32% for pediatrics, respectively. It
seems achieving a negative MRD result is vital for these
patients, adult and pediatric (10). In addition, MRD-based
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risk stratification is one of the critical components of
pediatric ALL treatment protocols (11, 12), and may play
a similar role in adult ALL patients (13-15). Therefore, it
is necessary to use techniques with sufficient specificity
and sensitivity to detect leukemic cells that allow the
definition of different risk group patients who may benefit
from reduction or intensification of therapy based on
different MRD values (13, 14, 16, 17).

In patients with ALL, flow cytometric analysis of leukemia-
associated immunophenotypes and polymerase chain reaction
(PCR) amplification of different fusion genes or antigen-
receptor genes are broadly used to diagnose MRD (18). In
a recent study, we demonstrated that monitoring MRD in
the adult ALL patients using allele-specific oligonucleotide
(ASO)-PCR technique is a beneficial tool for identifying
patients at risk of relapse (19). However, the most limitation
of the ASO-qPCR technique, along with the drawbacks
such as the need for broad skill, being time-consuming, a
determination 30-35 day of the V/J usage, sequencing, and
primer design , cost and also, false negative result due to the
clonal evolution during disease (20). Therefore, there is still
a need for a technique that can overcome the ASO-qPCR
technique limitations.

PCR-based GeneScan analysis (PCR-GSA) by capillary
gel electrophoresis on a sequencer can detect the size of /G/
TCR gene rearrangements fragments within a single base pair,
which facilitates the identification of clonal rearrangements
within a polyclonal background (21, 22).

In addition, a follow-up PCR-GSA can identify the
emergence of novel clones and clonal changes/evolution
changes, which causes the relapse occurrence (23-25). A
study to date has evaluated the specificity of PCR-GSA
for monitoring MRD at diagnosis and subsequent relapse
in childhood precursor-B-ALL patients (23). Its predictive
power for MRD detection before the manifestation of
clinical relapse at serial follow-up time points has not yet
been reported in B-ALL patients. Due to the rapidity with
which the results can be achieved in routine practice by
PCR-GSA, its use may be able to overcome the ASO-gPCR
technique limitations. The objective of the present study
was to investigate whether the detection of an /GH gene
rearrangement using PCR-GSA could be a complementary
method to monitor MRD along with the ASO-qPCR.

Material and Methods

This cross-sectional study was performed according to the
Declaration of Helsinki and was approved by the Regional
Ethics Committee of Tehran University of Medical Sciences,
Tehran, Iran (IR.TUMS.REC.1394.2175). Written informed
consent was obtained from the patients and/or their guardians.

Patients and clinical samples

Forty-four newly diagnosed adult B-lineage ALL
patients undergoing treatment with the Hyper-CVAD
(hyperfractionated  cyclophosphamide,  vincristine,
doxorubicin = [Adriamycin], and dexamethasone)
chemotherapyregimesinthe Bone Marrow Transplantation
Research Center of Shariati Hospital were included in this
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prospective study for MRD detection. The diagnosis was
confirmed by standard morphological examinations and
immunophenotyping.

The patients who were alive at the end of induction
therapy and achieved clinical remission were included in
this study and monitored for approximately 30 months.
A total of 256 peripheral blood (PB) samples was
obtained from 35 patients at the time of diagnosis, 14"
day, 28" day (middle and end of the induction therapy),
and subsequently at 30" day intervals for the first year,
followed by 90" day intervals afterward until the time of
death or at the end of the study. The PB samples of 20
healthy individuals were used as controls in this study.

Fluorescent fragment analysis to assess MRD

The unique sequence of rearranged junction regions in
IGH genes was amplified by a multiplex PCR using a set
of primers for the V segments and fluorescently labeled
(HEX-labeled) consensus primers for the J segments.
Primer sequences were selected according to the European
BIOMED-2 PCR collaborative study instructions (26).
The size of the PCR products was determined by capillary
gel electrophoresis on a sequencer (ABI Prism 3130xL
Genetic analyzer, Applied Biosystems, USA).

All samples were amplified in a final volume of 25 pl
including 2 pl of DNA sample (40 ng/ul), 1 ul of 10 uM of
forward and reverse primers, 10 pl of Tag DNA Polymerase
Master Mix 2x (Cat. No. A190303, Ampligon, Denmark),
and 12 ul of ddH,O. The cycling condition was as follows:
initial denaturing, 5 minutes at 95°C, followed by 35 cycles
of 30 seconds at 95°C, 30 seconds at 60°C, and 30 seconds
at 72°C. After the last cycle, an additional extension step of
7 minutes at 72°C was performed. Afterward, 2 pl of PCR
product was mixed with a 7.5 ul HiDi™formamide (Cat.
No. 4311320, Applied Biosystems, USA), and 0.5 pl of the
GeneScan™ 500 LIZ™ Size Standard (Cat. No. 4322682,
Applied Biosystems, USA) was included for determination
of the amplicon size. After 10 minutes of denaturation at
94°C, the DNA fragments were separated on POP-7 polymer
(Cat. No. 4393708, Applied Biosystems, USA) and analyzed
by 310 GeneScan 3.1 software (Applied Biosystems Foster
City, CA, USA). Typical running times were 4 hours with a
7-cm long electrophoresis gel.

PCR reactions included a sample containing monoclonal
DNA as a positive control and a sample containing
polyclonal DNA obtained from five healthy controls
to assess specificity. And also, a non-template control
sample, as a negative control, was considered in each
PCR reaction to exclude possible contaminations.

Monoclonal cell samples give rise to a distinct
fluorescent peak in intensity higher than the background,
within the appropriate size ranges; whereas, in polyclonal
samples, many different /GH PCR products are formed,
which display a characteristic Gaussian size distribution.
The relative size of the peak identified at each follow-up
time point was compared to the size of the peak identified
at the time of diagnosis.



Statistical analysis

The MRD results of this study were compared with
the previously reported MRD results obtained by the
IGH rearrangements ASO-qPCR techniques (19). The
correlation analysis between the results of PCR-GSA
and ASO-qPCR technique was accomplished using
the Spearman’s rank correlation coefficient. The SPSS
software package version 21.0 (Chicago, IL, USA) was
used for statistical analysis. A P<0.05 was considered
statistically significant.

Results
Patient characteristics

Initially, 44 B-lineage ALL patients were enrolled
in this study. The 9 patients deceased during induction
therapy. The 35 patients, including 15 females and 20
males, who were alive at the end of induction therapy and
achieved clinical remission were included in this study
and monitored for approximately 30 months. The median
age of patients was 28 years (range: 14 to 80 years).
According to the ALL immunophenotyping, these
B-lineage ALL patients were divided into two groups,
pre-B- (26/35, 74%) and B-ALL (9/35, 26%). A total of
256 PB samples was obtained from the patients for MRD
diagnosis by the PCR-GSA, with an average number of
five samples per patient (range 2-20).

Fluorescent fragment analysis of scanning profiles

MRD quantification through fluorescent fragment
analysis in the follow-up samples was carried out
considering the size of a clone-specific marker primarily
identified in diagnostic samples. When the patient’s
pattern changed to a pattern of normally distributed
peaks (Gaussian curve), it was considered MRD
negative. In all our patient’s diagnostic samples, the
PCR products showed only a dominant fluorescent peak
in the fade background signals indicating a specific
clonal /GH gene rearrangement (mono-clonal), and it
was interpreted as a cancer clone. Depending on the
rearranged alleles, the nucleotide size of clones usually
ranged between 100-400 nucleotides. All diagnostic
DNA samples in this study revealed products of /GH,
which were distinguished by one dominant peak in
the GeneScan electropherogram profile, showing the
presence of monoclonal proliferation.

During the follow-up, in each patient, the height of the
PCR peak in the follow-up sample was compared to the
peak pattern and the height of the peak that was present
in the respective diagnostic sample. A follow-up sample
was considered MRD positive, when a monoclonal peak
of a size identical to that demonstrated in the diagnosis
sample was detected in its follow-up sample; whereas
specific clonality was gradually cleared in the patients
who entered continuous complete remission. During
the entire follow-up period, relapses occurred in some
patients. These patients had an initial decrease in specific
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clonality, but in later follow-ups, they showed a rising
MRD level before clinical relapse (usually 1-2 months
before clinical relapse). During the follow-up period,
none of the patients showed oligoclonality or acquired
a new clone other than a clone already detected at
presentation.

Comparison of MRD results determined by PCR-GSA
and ASO-qPCR

To confirm the validity of the MRD results achieved
from the PCR-GSA technique, the results of GSA were
compared with the MRD results achieved from the /IGH
ASO-qPCR rearrangementmethod from our previous study
(19). Figure 1 displays the sequential MRD pattern in the
diagnosis and follow-up samples of three representative
subjects carried out by the PCR-GSA method, compared
with those of the ASO-qPCR amplification of IGH
rearrangements. This picture illustrated the MRD level
in a case (P6) who achieved continued remission after
induction therapy; a patient (P2) who showed a significant
reduction in the level of MRD and achieved clinical
remission but subsequently experienced a relapse on the
58" day (M3); and a refractory subject (P18) with no
response to chemotherapy, respectively. Also, the data in
relapsed patients showed that both methods were able to
predict molecular relapse at least 1-2 months before the
clinical relapse.

Concordance rate between PCR-GSA and ASO-qPCR
detection of MRD

The ability of both techniques to detect the presence
of any residual leukemic DNA was compared; the
overall concordance rate between PCR-GSA and ASO-
qPCR MRD results in 256 PB samples at diagnosis and
during 2.5-year follow-up was 86.7% (222 out of 256
samples). Figure 2 shows a direct comparison of MRD
levels estimated by both methods at each follow-up time
point. The correlation analysis represents that there is
a significant correlation between the PCR-GSA and
ASO-qPCR with a Spearman correlation coefficient of
r=0.876 (P<0.001). MRD results obtained by GSA and
ASO-qPCR methods were concordant in all diagnostic
samples and samples on the 14" and 28" days of
induction therapy. Of 256 total samples, 34 (13.3%)
were positive by ASO-qPCR but negative by PCR-
GSA, and all negative cases by the GSA were also
negative by the ASO-qPCR. Of 34 discordant results,
4 were observed during consolidation therapy on day
58, 5 on day 88, and 25 from M4 onwards. So, this
amount of discordance rate (13.3%) between the two
tests is not unexpected, because the GSA may fail to
detect the very small amount of residual disease due
to its lower sensitivity (107 to 10™*) versus the highly
sensitive ASO-qPCR assay with 107 to 107 sensitivity.
The concordance rate between the results of the two
methods at different time points is shown in Table 1.
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Table 1: Concordance between GeneScan PCR and ASO-PCR analyses for MRD detection

Samples ASO-qPCR and GSA (n) GSA+/ASO+ GSA-/ ASO- GSA-/ ASO+ Concordance (%)
Total samples 256 135 87 34 86.7

Diagnosis 35 35 0 0 100.0

During induction, day 14 35 30 5 0 100.0

End of induction, day 28 35 27 8 0 100.0
Consolidation treatment, day 58 33 18 11 4 87.9

Day 88 30 12 13 5 83.3

Other time-points 88 13 50 25 71.6

ASO-PCR; Allele-specific oligonucleotide-quantitative polymerase chain reaction, MRD; Minimal residual disease, and GSA; GeneScanning analysis.

In the previous study, we defined a cut-off level for
PCR-based MRD, and our patients were divided into
two groups based on this MRD threshold; low- and high-
risk groups. During the follow-up period, patients with
MRD levels lower or higher than the cut-off level were
significantly associated with increased overall survival
(OS) or with a progressively worse outcome, respectively
(19). The concordance between these two methods was
significantly higher above the cut-off; 32 out of 34 dis-
concordance were below this cut-off line (Fig.2).

100000
135 pos. by both
10000

1000

100

MRD ASO-qPCR

10

r=0.893; P < 0.001

0] © 87 neg. by both

T T T T T T
0 1 10 100 1000 10000

MRD GeneScan

Fig.2: Comparison of MRD results, as obtained by GSA and ASO-PCR. The
scatter plot indicates that the overall concordance rate of PCR-GSA and
ASO-gPCR MRD results in 256 PB samples at diagnosis and during 2.5-year
follow-up was 86.7% (222 out of 256 samples). Most of the discordant
results were samples with low level of disease. When the previously
defined cut-off level (red dotted line> 100) was applied to the ASO-qPCR
assay to define high and low-risk patients, only 2 (0.8%) samples were
identified above the cut-off level as discordant among the high-risk group.
The correlation coefficient was calculated with Spearman’s rank correlation
test, which indicated a significant correlation between the ASO-PCR and
GSA techniques (r=0.893, P<0.001). MRD; Minimal residual disease,
GSA; GeneScanning analysis, ASO-qPCR; Allele-specific oligonucleotide-
guantitative polymerase chain reaction, and PB; Peripheral blood.

Discussion

Risk stratification is still a puzzling matter of ALL
patient management. Patient classification according to
regular detection of MRD levels at different time points
gives supervision to the clinicians for personalized
medicine and adjusting the therapy base on the molecular
status of each individual. PCR-based approaches based on
molecular rearrangements (/G/TCR gene rearrangements)
are extensively used as targets for tracing residual
leukemic cells in patients with ALL (18), and it has
been widely standardized within the European Study
Group on MRD diagnosis in ALL (ESG-MRD-ALL) that
established guidelines for the analysis and interpretation
of RQ-PCR data (27). In our previous study, we designed
an ASO for each patient based on the sequence data of
complementarity-determining regions (CDR) and used
them to quantify MRD levels. The set-up technique was
a sensitive and reliable method for the diagnosis of MRD
and the result showed a significant relationship between
MRD values and clinical outcomes (19). However,
this approach was high-cost and labor time-consuming
to use in routine practice. In this study, we set up the
GeneScanning method which is another PCR-based
approach with lower cost and greater ease for the first
time for the Iranian ALL patients. The results of MRD
detection obtained by GS assay were compared with the
ASO-gPCR, to evaluate and validate the capability of the
GS technique to routinely employ for MRD detection.

Our results showed that PCR-GSA is an accurate
procedure in discriminating monoclonal leukemia-
specific /GH rearrangements from the normal polyclonal
background and it has wide applicability for long-term
MRD monitoring in PB samples of ALL patients. In
contrast with the ASO-qPCR method which requires
nucleotide sequencing analysis and designing patient-
specific primers, the PCR-GSA does not need prior
knowledge of the type of V and J usage in the VDIJ
rearrangement, a multiplex PCR with a set of v-region
primers with a universal fluorescence-labeled J primer can
be used to distinguish monoclonality from polyclonality.
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This feature makes it feasible to be performed in large
numbers of samples within one working day and enables
us to monitor MRD levels in patients without the need for
individualized procedures.

The ability of both techniques for the precise detection
of the residual leukemic DNA was compared; GSA had a
sensitivity of 10°-10* for the diagnosis of leukemic cells,
which was about 2-log less sensitive than the ASO-qPCR.
The overall concordance rate of PCR-GSA and ASO-qPCR
MRD results in 256 PB samples at diagnosis and during 2.5-
year follow-up was 86.7% (222 out of 256 samples). The
correlation analysis demonstrates that there is a significant
correlation between the PCR-GSA and ASO-qPCR with a
Spearman correlation coefficient of r=0.893.

Under several leading investigations, the presence
of MRD following therapy is an important prognostic
marker in ALL patients (11). MRD levels at different
time points after the therapy can identify patients with
different prognostic values. MRD assessment to monitor
therapeutic efficacy following the month of the induction
therapy has become increasingly important. It has been
reported that patients with rapid tumor clearance (on
day 28) are associated with an incredibly lower risk of
recurrence, while patients with any persevering MRD
at the end of consolidation therapy are associated with a
remarkably poor prognosis (28-30). In a previous study,
we have shown that a low MRD level on day 28 has a
statistically significant association with higher OS. In the
present study, we achieved 100% agreement for MRD
detection between GSA and ASO-gqPCR methods in
diagnostic samples and samples at the end of induction
therapy (day 28). It is interesting to point out that OS
on day 28 regarding the patient stratification based on
GSA was in line with ASO-gqPCR results since most of
the patients who were categorized into the high/low-risk
groups based on the ASO-qPCR assay were placed in the
same group by GSA method.

In all our relapsed cases, the IGH gene rearrangement
fragments as detected by PCR-GSA at the time of
diagnosis and relapse were completely similar nucleotide
size. The appearance of one conserved rearranged clonal
target in our relapsed patients confirms that the relapse was
probably related to the diagnostic clone and no secondary
subclone was detected in any of our patients. The false
negative result due to clonal evolution phenomena and
ongoing secondary rearrangement processes during the
course of the disease could confine the effectiveness of
VDJ junction sequences as targets for MRD detection (31).
An alternative strategy to reduce false-negative results is
using two /GH rearrangements as ASO-qPCR targets for
MRD detection in the clinical setting. However, using two
ASO-gPCR targets might be unrealistic, particularly for
considerable routine diagnostic laboratories, especially
those with restricted technical and financial resources.
An alternative more affordable strategy to reduce false-
negative results is using GSA along with ASO-qPCR.
GSA has the advantage of allowing us to identify the
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emergence of novel clones (detecting clonal change/
evolution) during follow-up that might be neglected
during disease by using ASO-qPCR (23-25), causing the
relapse occurrence.

The molecular response is greater predictive before the
relapse occurrence in patients with ALL, according to
several research projects that classified the cases based on the
level of MRD (20, 29, 30). In agreement with the extensive
report by Germano et al. (23), our data demonstrated that
GSA employed in this investigation has great adequacy as
a predictive marker. They have shown that GSA sensitivity
had been vastly reasonable at diagnosis as well as at relapse.
Our study confirms the efficiency of GSA not only in the
identification of /GH clonal targets for MRD detection at
various time points but also in the prediction of relapse.
When we compared the obtained data of GSA with the data
of our previous project regarding the power of ASO-qPCR
in clinical relapse prediction (19), the linearity of results
supported the capacity of PCR-GSA to predict the risk of
relapse and treatment failure. In both methods, rising MRD
levels above the threshold (molecular relapse) on serial
monitoring almost always correlated with clinical relapse.
The period between molecular and clinical relapse due to
the emerging leukemia-specific clonality in PB samples
was approximately one month using GSA, which shows
this method is less powerful than RT-PCR but still valuable.

Conclusion

The PCR-GSA technique is a rapid technique that could be
a valuable tool for monitoring the effectiveness of treatment
during induction therapy. Likewise, this method can be used to
detect MRD during follow-up and identify high-risk patients
who may need to intensify treatments before the occurrence
of clinical relapse. Hence, GSA can be served alone or as a
complementary method for monitoring MRD along with the
ASO-gPCR or multi-parameter flow cytometry assays.
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Abstract
Objective: Natural killer (NK) cells are critical immune cells for acute myeloid leukemia (AML) targeting. However,
little is known about the relationship between using checkpoint inhibitors and heat shock protein 70 (Hsp70) as NK cell
activators to control AML. Therefore, the study aims to find the best formulation of Hsp70, human PD-1 (Programmed
cell death protein 1) blocker, and interleukin 15 (IL-15) to activate NK cells against AML.

Materials and Methods: In this experimental study, the NK cells were isolated from mononuclear cells (MNCs) by
using magnetic activation cell sorting (MACS) and were activated using the different combinations of Hsp70, PD-1
blocker, and IL-15 and then followed by immunophenotyping, functional assays to estimate their killing potential, and
evaluation of expression pattern of PRF1, PIK3CB, PD-1, AKT-1, FAS-L, TRAIL, and GER A and B.

Results: The expression of PD-1 was significantly (P<0.05) reduced after NK cell activation by the different formulas of
IL-15, Hsp70, and PD-1 blocker. The expression of NKG2A in the treated NK cells was reduced particularly in the IL-15
(P<0.01) and IL-15+PD-1 blocker (P<0.05) groups. The addition of Hsp70 increased its expression. The cytotoxic effect
of NK cells increased in all groups, especially in IL-15+PD-1 blocker besides increasing interferon-gamma (IFN-y),
Granzymes, and perforin expression (P<0.05). All IL-15+PD-1 blocker group changes were associated with the up-
regulation of PIK3CB and AKT-1 as key factors of NK cell activation. The presence of Hsp70 reduced IFN-y releasing,
and down-regulation of PIK3CB, AKT-1, Granzymes, and Perforin (P<0.05).

Conclusion: We suggested the combination of IL-15 and PD-1 blocker could enhance the killing potential of AML-
NK cells. Moreover, Hsp70 in combination with IL-15 and PD-1 blocker interferes activation of AML-NK cells through
unknown mechanisms.
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Introduction

Acute myeloid leukemia (AML) is a heterogeneous
group of disorders characterized by malignant clonal
proliferation of myeloid blast cells in the bone marrow
(BM) and peripheral blood, leading to cytopenia,
infections, and bleeding (1, 2). Although many therapeutic
interventions have been explored to treat patients with

AML, chemotherapeutic regimens remain a crucial therapy
component for these patients (3). In the AML treatment
chemotherapy guideline, the two antineoplastic agents,
fludarabine and busulfan, are well-known. Fludarabine
shows promising results in treating relapsed/refractory
patients with AML; however, the neurotoxicity effect
of this agent limits the use of high-dose fludarabine (4).
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Despite its lower costs and acceptable efficiency over the
decades, the significant side effects of busulfan, including
mucositis of grade 2 or higher, led to the displacement
of this agent with more expensive but secure monoclonal
antibody imatinib (5).

To date, natural killer (NK) cell-based immunotherapy
is one of the most current innovative immunotherapeutic
techniques, unleashing the immunological suppression of
NK cells to attack a variety of malignancies (6). In AML,
dysfunctional NK cells or immunosuppressive features
of AML cells and their prognostic relevance justify using
NK cell-based immunotherapy to restore impaired NK
cell cytotoxicity against AML (7). Meanwhile, treatment
with busulfan and fludarabine inactive NK cells (PMID:
2933271) with unknown mechanisms. Another defined
mechanism that makes weak NK cells, as well as T cells
in patients with AML, is the overexpression of inhibitory
immune checkpoint molecules such as programmed cell
death ligand-1 (PD-L1) and PD-L2 up-regulated in blasts
(8). Furthermore, heat shock protein 70 (Hsp70) is an
essential component of the protein folding system called
chaperones and protects the cells from stress-induced
damage (5).

Hsp70 as an antigenic peptide (9) can be used as
a tumor-specific vaccine (10). Furthermore, Hsp70
induces the release of pro-inflammatory cytokines
from innate immune cells, increasing the expression
of costimulatory molecules (11). In addition, Hsp70
activates the NK cell cytotoxic effects against
the Hsp70 representing tumor cells (12). Despite
promising outcomes resulting from investigations
performed on PD-1 blocker base immunotherapy
on solid tumors, the efficacy of this approach is not
studied on hematologic malignancies. Therefore, in
the present study, we assessed the combined effect
of PD-1 blocker and Hsp70 on the activation of NK
cells derived from patients with relapsed AML under
treatment of Busulfan and fludarabine.

Materials and Methods
Patients

Nine patients diagnosed with relapsed non-M3
AML were treated with fludarabine and busulfan at
the Blood and bone Marrow Transplantation center
in Taleqani hospital (Tehran, Iran) between 2019 and
2022 and were joined in this experimental study. All
patients signed informed consent before entering
the study, and the advantage of their admission was
explained verbally and in writing. All procedures in the
present study were performed following the relevant
guidelines and regulations of the Royan Institute and
approved by the Institutional Review Board and Ethics
Committee of The Royan Institute, Tehran, Iran (IR.
ACECR.ROYAN.REC.1400.055).

Cell culture and reagents

MNCs were collected from Peripheral blood via
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Ficoll-Hypaque (inno-train, 108 Utica Street Clinton
NY 13323, USA, Cat No: 002041600) concentration
gradient centrifugation. The Ficoll-Paque centrifugation
is done as per the manufacturer’s protocol. The KG-1
cell line was purchased from Royan Institute Cell Bank
(Tehran, Iran, CCL-246). KG-1 cells were cultured in
RPMI-1640 containing 10% FBS (GIBCO, Cat. No:
26140-079), 3 mM L-glutamine (GIBCO, Cat. No:
25030-024), 1% Pen/Strep antibiotics (GIBCO, Cat.
No: 15070-063), and a humidified atmosphere of 5%
CO, at 37°C.

Immunophenotyping of cells

Peripheral blood mononuclear cells (PBMCs) derived
from Patients with AML, were stained with Anti-human
CD335-FITC (NKP46; Cat. No: 331922), Anti-human
CD15%9a-PE (NKG2A; Cat. No: 142803), anti-human
CD337-PerCp/Cyanine5.5 (NKP30; Cat.No:325216),
anti-human CD314-PE (NKG2D; Cat. No: 3208006),
and BD Simulates CD3-FITC/CD16+CD56-PE (Cat.
No: 342403) to evaluate the abundance, phenotype and
function of NK cells by BD FACS Calibur flow cytometer
instrument (BD Biosciences, San Jose, California,
USA) and analyzed in FlowJo software Ver.10.6.1. All
fluorescence-labelled antibodies were acquired from
Biolegend (USA).

NK cell isolation, cultivation and cytotoxicity assay

NK cells were isolated from MNCs of patients with
AML before the initiation of induction chemotherapy
(n=9) by selecting CD56" cells with magnetic-bead
separation (Miltenyi Biotech, USA). The isolated cell
purity was calculated and confirmed by flow cytometry
and specific antibody against CD56*. Then, NK cells
were divided into five groups (1x10* cells/mm?) [NK cells
without any factor, NK cells that received Human IL-15
(10 ng/ml), NK cells that received IL-15 (10 ng/ml) and
PD-1 blocker (0.5 pg/ml), NK cells received IL-15 (10
ng/ml) and Hsp70 (20 pg/ml), and the last group of NK
cells received IL-15 (10 ng/ml), PD-1 blocker (0.5 pg/
ml) and Hsp70 (20 pg/ml)]. These NK cell groups from
patients with AML were assessed for their capacity to
kill NK cell-sensitive KG1 cells. The KG-1 cell line was
inactivated using Mitomycin C (20 pg/ml; 2x10° cells per
well) to impede their proliferation, subsequently, Calcein
AM was used to label them (Incubation for 45 minutes
at 37°C with 5% CO,). The labelled cells were washed
with phosphate-buffered saline without calcium and
magnesium (PBS-, Gibco, Cat. No: 21600-051, USA) and
resuspended in X-X IVO medium (Lonza, BE02-060Q,
Belgium) with 10% FBS. KG1 cells were co-cultured at
an effector: target (E: T) ratio of 10:1, which incubated
for 24 hours at 37°C in 5% CO, Cytotoxicity level was
evaluated with calcein/propidium iodide (PI) staining by
flow cytometry technique. Tumor cells were grown in
the same media without NK cells exposure considered as
control groups.
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IFN-y production and LDH release evaluation

Human lactate dehydrogenase (LDH) and Interferon-
gamma (IFN-y) ELISA Kits (MyBioSource, Cat.No:
MBS009535 and MABTECH, Cat. No: 3420-1 HP-1)
were used to test lactate dehydrogenase (LDH) release
from the KG1 cell line, and IFN-y production by NK
cells, following the manufacturer’s procedure. Briefly,
100 pL per well of standard solutions or samples was
divided into aliquots in duplicate into a precoated
96-well plate. After discarding the plate content, 100
puL/well of biotinylated anti-human LDH and IFN-y
antibodies were added to each well. After rinsing three
times with PBS, a prepared avidin-biotin-peroxidase
complex (ABC) working solution (100 pL/well) was
added to each well. Finally, after washing with PBS-
, a prepared stop solution of 100 pL/well was added
to each well, and the plate was read at 450 nm in a
microplate reader.

RNA isolation and qRT-PCR

Identic to the manufacturer’s procedure, whole cellular
RNA (1 pg) was extracted from cells using TRIzol reagent,
and then assessed the quantity and quality of RNA samples

on Nanodrop and gel electrophoresis. Only RNA samples
with RNA Integrity Numbers (RIN) > 6 were included
in the analyses. Then reverse transcriptional reaction was
conducted to obtain cDNA by Prime Script RT Master
Mix. According to the manufacturer’s instructions, 1 ug
of total RNA was used to synthesize cDNA by an RT-for-
PCR kit (Takara Bio, Inc., Otsu, Japan). Primers (PRF1,
PIK3B, PD-1, AKT-1, FAS-L, TRAIL, GERA and B) were
designed and certified using NCBI-Primer BLAST
(Table 1). Specimens were duplicated from three
independent trials; B2-microglobulin RNA levels were
employed as an internal reference for all experiments.
The relative expression levels of genes were calculated
using the 2722“Tmethods.

Statistical analysis

The data were presented as mean + standard error of
mean (SEM), and the statistical analysis was performed
using GraphPad Prism software (version 9, University of
California San Diego, USA). The Wilcoxon rank test or
Mann-Whitney tests examined the statistical significance
of the two groups and kruskal wallis test was used when
comparing more than two groups. P<0.05 were considered
statistically significant.

Table 1: Primer sequences used for reverse transcription-quantitative polymerase chain reaction

Gene name Primer sequence (5°-3") (10-50 bp) Length (bp) Temperature ("C) Absorbance (OD)
FasL F: TGCCTTGGTAGGATTGGGC 19 58.83 2-4
R: GCTGGTAGACTCTCGGAGTTC 21 61.78 2-4
TRAIL F: TGCGTGCTGATCGTGATCTTC 21 59.82 2-4
R: GCTCGTTGGTAAAGTACACGTA 22 58.39 2-4
PDCDI F: CCAGGATGGTTCTTAGACTCCC 22 62.12 2-4
R: TTTAGCACGAAGCTCTCCGAT 21 57.87 2-4
PIK3CB F: AGAGCACTTGGTAATCGGAGG 21 59.82 2-4
R: CTTCCCCGGCAGTATGCTTC 20 61.40 2-4
AKTI F: AGCGACGTGGCTATTGTGAAG 21 59.82 2-4
R: GCCATCATTCTTGAGGAGGAAGT 23 60.65 2-4
PRF1 F: GGCTGGACGTGACTCCTAAG 20 61.40 2-4
R: CTGGGTGGAGGCGTTGAAG 19 60.98 2-4
GZMA F: CAGCAGCCACAATGAGGAAC 20 59.35 2-4
R: TGCAGTCAACACCCAGTCTT 20 57.30 2-4
GZMB F: TACCATTGAGTTGTGCGTGGG 21 59.82 2-4
R: GCCATTGTTTCGTCCATAGGAGA 23 60.65 2-4
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Results

The main biological characteristics of the patients are
in Table 2.

The expression pattern of PD-1 on NK, NKT, and T
cells in non-M3 relapsed AML

Autologous NK cell therapy is accessible for cancer
immunotherapy. However, the main question is whether
these NK cells have enough ability to overcome cancer
cells. Therefore, we evaluated the expression pattern
of PD-1 as an inhibitor marker on NK cells in MNC
derived from whole blood samples of seven patients with
AML who were treated with Fludarabine and Busulfan.
Immunophenotyping of the whole blood of patients
determined that 63.25 + 5.3% of total lymphocytes were
T cells, of which 15.93 + 2.76% were PD-1 positive.
Instead, NK (CD56+/16+CD3-) cells were about 12.3 +
4.18% of'total lymphocytes with 7.05 + 1.14% expression
of PD-1, and NKT (CD56+/16+CD3+) cells were 6.02
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+ 2.68% of total lymphocyte with 11.47 + 3.28% PD-1
expressing cell (Fig.1).

Table 2: Main biological characteristic of Non-M3 relapsed AML patients

Variable Number (%)
Age (Y)
<50 10 (50)
>50 10 (50)
Sex
Male 14 (70)
Female 6 (30%)
Missing data 11 (55)
Missing from RT-PCR analysis 2(10)
Total 20 (100)

AML; Acute myeloid leukemia and gRT-PCR; Quantitative reverse
transcription-polymerase chain reaction.
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The different activator combinations’ effect on NK
cell-mediated cytotoxicity

As mentioned earlier, the combination of IL-15, Hsp70,
and PD-1 blocker reduced the expression pattern of both
activating and inhibitory receptors of the patient’s NK cells.
Nevertheless, the main question is how these components
affect the cytotoxic potential of NK cells. Our results indicated
that although the cytotoxicity of treated NK cells on the KG1
cell line, as target cells, enhanced in all treated groups, it was
dominant in groups with PD-1 blocker in their formulation
(Fig.4A, B). Meanwhile, the rate of LDH released from KG-1
cells co-cultured with NK cells only exhibited elevation in
IL-15+Hsp70+PD-1 blocker group that was not significant
(Fig.4C). As the lactate dehydrogenase (LDH) assay is used
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in NK cell cytotoxicity assessment against tumor cells, its
release is detected at 4 hours post activation (13). For the
LDH release assay, we removed condition media after 24
hours, but our result did not show a significant difference
between groups that may be associated with the NK and KG1
cells co-culture time which incubated over 4 hours. IFN-y is
another factor that is released and enhanced post-activation
of NK cells. IFN-y level significantly increased in IL-
15+PD-1 blocker-treated group compared with inactive NK
cells (P<0.03, Fig.4D). Also, we found that in those groups
that Hsp70 was in their formulation, the secretion of IFN-y
significantly reduced (Fig.4D). The reason for this variation
may back to use of fludarabine in these patients. Actually, it
has been reported that fludarabine increases the secretion of
interferon, and therefore, after using the Hsp70, its secretion
no longer shows an increase (14).
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Expression of granzyme A and B in different
formulations of NK activators

Granzymes are derived from serine proteases and expressed
in cytotoxic T cells and NK cells (15). GZMA and GZMB
are carried out and stored in the particular granules of resting
NK cells and released after activation (16). Therefore, we
assessed the expression of GZMA and GZMB in different
groups of activated NK cells from seven patients with AML.
The results indicated that IL-15 + Hsp70 + PD-1 blocker
group upregulated the expression of both GZMA and GZMB
(P<0.01, Fig4E, F). Moreover, the lytic granules of NK
cells contain the pore-forming protein perforin that, after
the formation of immune synapses, creates a pore in the
membrane of the target cell; finally, granzymes may enter the
target cell cytoplasm and cleave several substrates, leading
to apoptosis via the intrinsic pathway (17). Our result also
showed that the expression of PRF-1 in NK cells exposed to
IL-15+Hsp70+PD-1 blocker was increased compared to all
other groups (Fig.4G).

Fas ligand and TRAIL as death ligands on the surface of NK

cells can activate target killing by attaching death receptors
on the target cell, which activates NK cell cytotoxicity
through caspase-8 dependent pathway extrinsic apoptosis
(18). We expected that Fas ligand expression upregulated
in activated groups. However, it was over-activated when
the NK cells were treated with IL-15+Hsp70 (P<0.0001,
Fig.4H). Similarly, TRAIL expression also increased in the
IL-15+Hsp70 group but it was just significant compared
to IL-15+PD-1 blocker+Hsp70 group (P<0.0089, Fig.41).
Studies showed that PI3K-AKT-mTOR pathway
is the main pathway in regulating the development,
differentiation, and activation processes of immune
cells like NK cells (19). Also, PIK3CB, as a subunit of
(phosphoinositide 3-kinase) PI3K, has a crucial role in
NK cell cytotoxicity (20). In the assessment of the AKT-
I gene, it seems that the PD-1 blocker in combination
of IL-15 has the potential to increase its expression
levels (Fig.4J)). Also, the increased expression level of
PIK3CB in the IL-15 + PD-1 blocker-treated NK cells
was significant in comparison to other groups (P<0.01,
Fig.4K) excluding the IL-15+PD-1 blocker+Hsp70 group
which was not significant (P>0.05, Fig.4K).
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Fig.4: The effect of different activator combinations on NK cell-mediated cytotoxicity. A. Morphological illustration and flowcytometry results of
different activator combinations’ effect on NK cell-mediated cytotoxicity against KG-1 cell line. line. Images were obtained with a 40x magnification,
scale bare: 100 um for KG1 cell line, 50 um for KG1 co-cultured with NK cells. B. NK cell cytotoxicity potential increased in all groups compared to the
inactive group. However, it was significant in those groups that had PD-1 blocker in their formulation, (n=9, P<0.02). C. The LDH released from KG-1
cells co-cultured with NK cells only increased in IL-15+Hsp70+PD-1 blocker group that was not significant (n=7, P>0.05). D. IFN-y level in the group
that received IL-15+PD-1 blocker significantly increased compared to other groups (P<0.03). Although, it was not significant in comparison to IL-15
treated group (n=7, P>0.05). E. GZMA and F. GZMB expression level was increased in IL-15+Hsp70+PD-1 blocker group compared to other groups (n=7,
P<0.01). G. PRF-1 was higher in IL-15+Hsp70+PD-1 blocker treated group (n=7, P<0.02). Box plots: lower quartile, median, upper quartile; whiskers,
minimum, maximum. Statistical analysis was performed using unpaired two-way Anova. H. Fas ligand expression upregulated in activated groups.
However, it was over-activated when the NK cells were treated with IL-15+Hsp70 (n=7, P<0.0001). I. The expression of the TRAIL gene was upregulated
in IL-15+Hsp70 treated NK cells which is just significant compared to IL-15+Hsp70+PD-1 blocker (n=7, P<0.008). J. AKT-1 expression level showed a
significant increment in the IL-15+PD-1 blocker-treated NK cells compared to other groups (n=7, P<0.01). K. The expression level of PIK3CB enhanced
in the IL-15+PD-1 blocker-treated NK cells but as shown in the plot there is no significance with IL-15+Hsp70+PD-1 blocker group (n=7, P<0.01).
Statistical analysis was performed using unpaired two-way Anova. *; P<0.05, **; P<0.01, ****; P<0.0001, AML; Acute myeloid leukemia, NK; Natural
killer cell, IL; Interleukin, Hsp70; Heat shock protein 70, PD-1; Programmed cell death protein 1, LDH; Lactate dehydrogenase, and IFN-y; Interferon
gamma.

Discussion have reported that Hsp70 can induce cytotoxic activity
in NK cells against tumors, including melanoma and
glioblastoma (29, 30). We depicted that pre-treatment
of NK cells with different combinations of Hsp70 and
PD-1 inhibitor may stimulate their anti-tumor effects.
However, due to our results, Hsp70 in combination

with IL-15 didn’t have significant effect on NK cells

Reflective of the current study revealed several key
findings that help us better understand the role of
Hsp-70 and PD-1 blocker-based therapy in patients
with AML. Immune checkpoints, including PD-1 and
CTLA-4, are novel targets for cancer immunotherapy
and made a promising tool in the path of solid cancer

treatment (21, 22). PD-1/PD-L1 inhibition has been
demonstrated in multiple myeloma patients to improve
NK cell-mediated tumor lysis (23, 24). Despite
the favorable outcomes of blocking such immune
checkpoints, the results were not well studied in
haematological cancers. meanwhile, many malignant
cells over-expressed heat shock proteins, including
Hsp70 and Hsp90, which indicate their crucial role
in malignant progression (25, 26). Regarding AML,
the overexpression of Hsp70 is identified (27, 28),
however, its role is controversial (28). Several studies
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cytotoxicity potential.

Twenty patients were enrolled in the present study
based on inclusion criteria, including: the estimated
survival of the patients, which was more than three
months, and the traditional treatments were ineffective
for these patients, or these patients could not tolerate
the traditional treatments. However, eleven patients
were excluded based on insufficient blood volume,
cell count, and blood clotting. Another two patients’
samples were lost during q-RT-PCR. Therefore, the
nine patients were used in some experiments, and



in qRT-PCR-related experiments, the seven patients’
samples were used. In the present study, the patients
who were treated with fludarabine and busulfan entered
remission. However, their disease relapsed, and they
again were candidates for chemotherapy. Samples
were derived from these patients before the second
chemotherapy. It should be noticed that the synergistic
effect of fludarabine with other drug combinations
has been widely used as salvage chemotherapy for
refractory/relapsed AML and acute lymphoblastic
leukaemia (ALL) (31). As mentioned earlier, twenty
patients were enrolled in the present study based on
inclusion criteria. However, eleven patients were
excluded based on insufficient blood volume, cell
count, and blood clotting. Another two patients’
samples were lost during q-RT-PCR. Therefore, nine
patients’ samples were used in some experiments, and
seven patients’ samples were proper for the qRT-PCR
experiment.

Our results indicated that the percentage of NK cells
in patients with non-M3 relapsed AML who received
fludarabine and busulfan was about 12.3 £ 4.18%
of total lymphocytes similar to normal people (31).
However, 7.05 £ 1.14% of them expressed PD-1 in the
NK cell population that higher than PD-1 expression
in normal NK cells (2-5%) (14). The main question
of the present study was to evaluate the combinatory
effect of Hsp70 and PD-1 blocker to activate NK cells
derived from patients with non-M3 relapsed AML. We
found that the expression of PD-1 significantly reduced
when NK cells activated with a different formula of
IL-15, Hsp70, and PD-1 blocker. IL-15 primarily acts
as a cell-surface molecule on antigen-presenting cells,
which provides IL-15 translocate to mononuclear cells
such as NK and CD8 memory cells. Many studies
showed that IL-15 induced prolonged expansion and
activation of NK cells. Based on these characteristics,
IL-15, besides the stimulating activity, could increase
the proliferation of NK cells (32). Therefore, we used
IL-15 as the basic compound in our study to find the
best formulation of NK cell activation. However, the
active and expanded clones in groups that received
IL-15+PD-1 blocker seemed to be more than other
groups. NKG2A, in cooperation with PD-1, exerts
its inhibitory activity on NK cells through binding
to classical and non-classical MHC class I molecules
(32). Our results exhibited that the expression of
surface NKG2A in the NK cells treated in IL-15 and
IL-15+PD-1 blocker groups, considerably decreased
and its expression was increased with adding the
Hsp70 to activation media. It is worth mentioning that
IL-15 is recommended to be involved in PD-1 blocking
and NK cell activation through activation of the PI3K/
AKT/mTOR signalling pathway (33, 34), as also
observed in our data. The over-expression of NKG2A
also was reported by the Fehniger and Caligiuri (35)
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study, which showed induction of cytotoxicity in NK
cells in parallel to increasing NKG2A when the cells
were treated with IL-2/TKD (TKDNNLLGRFELSG;
a 14-mer Hsp70 subunit). Here our results showed a
significant increase in the expression level of PIK3CB
and AKT-1, the downstream molecules of NKG2D and
critical regulator of NK cell activation, in the presence
of IL-15+PD-1 blocker. However, we did not detect
any changes in the level of NKG2D positive NK cells,
and a significant reduction was observed in NKP30 and
even NKP46 post-treatment of cells by Hsp70 or PD-1
blocker and both of them. Meanwhile, the cytotoxic
potential of NK cells was enhanced in groups that
received PD-1 blocker, which was concomitant with
increasing in releasing of IFN-y and upregulation of
granzyme A/B and PRF1 (16, 36).

Although, several studies reported that a combination
of Hsp70 and PD-1 blocker might over-activate NK
cells in Fighting cancer cells (37, 38). But our results
showed that the presence of Hsp70 as an activating
factor in the combination of IL-15 increases the
ambiguity of data. For example, Hsp70 in activating
media caused an increase in the NKG2A positive cells,
reduced IFN-y releasing, and reduced the expression
of FAS-L and TRIAL. All uncertainties may back to
AML-NK cells as a source of NK cells and even the
undefined role of Hsp70 in these patient’s specific
cells (39, 40).

Conclusion

Therefore, based on the results of this study, we
suggested that the combination of IL-15 and PD-1
blocker can reactive AML-NK cells, increasing their
killing ability against tumor cells, enhancing the key
factors in NK cell function and increase releasing of
IFN-y, granzymes as well as perforin. Moreover, we
suggested that Hsp70 could act as a disruptive factor
to induce cytotoxic NK cells when combined with IL-
15 and PD-1 blocker.
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Abstract
Objective: Parkinson’s disease (PD) is a severely debilitating disease for which no suitable treatment has been found
so far. In recent years, nanoparticles (NPs) have shown therapeutic potential in PD. Thus, in the current research, for
the first time, we investigated the effects of vitamin E and TiO, nanoparticles (TiO,-NPs) on a rat model of PD.

Materials and Methods: In this experimental study, after preparation and induction of PD, rats were administrated
with vitamin E and TiO,-NPs. One day after receiving the last dose of treatments, rats were killed and substantia
nigra was extracted from the brain and its cell suspension was prepared. In each group, female rats were mated, and
after confirmation that the female rats were pregnant by vaginal smear test, the fetus was removed. Cell viability was
studied by the MTT method and apoptosis, and necrosis were studied by the flow cytometry technique. Also, after RNA
extraction and cDNA synthesis, the expression of Bc/l-2 and circRNA 0001518 genes were studied using the real time
polymerase chain reaction (RT-PCR) technique. For analyzing the data, two-way ANOVA was used.

Results: The results showed a sharp decrease in cell viability in female PD rats and fetuses resulting from PD female
rats. Vitamin E treatment showed the greatest effect on increasing cell viability. Decreased expression of the Bcl-2 gene

and increased expression of circRNA 0001518 were observed in PD conditions.

Conclusion: Administration of vitamin E may be a good option for reducing PD-induced cell death.
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Introduction

Parkinson’sdisease (PD)isoneoftheseverelydebilitating
diseases, which mainly affects the dopaminergic system of
the substantia nigra -striatum pathway and is characterized
by four prominent features: muscle stiffness, slowness of
movement (bradykinesia), tremor, and gait disturbance
(1). Regarding the pathological mechanisms and the
cause of neuronal death of dopaminergic cells of the
substantia nigra -striatum pathway in this disease, several
hypotheses have been proposed, including mitochondrial
complex defects (2), iron accumulation (3), and increased
free radicals (4). There is ample evidence that oxidative
stress eventually leads to neuronal degeneration in PD.
Protection against oxidative damage caused by free
radicals in the central nervous system is provided by low
molecular weight antioxidants including vitamins E and
C (5). Because vitamin E is a free radicals scavenger from
the brain, its protective role is a new issue in the treatment
of degenerative diseases of the nervous system. A study
of the animal and clinical model of PD showed that a

deficiency of antioxidants such as vitamin E can cause
the dopaminergic system to degenerate, leading to PD
symptoms (6).

Mitochondrial autophagy is one of the mechanisms
of PD. Also, mitochondrial-induced apoptosis plays an
important role in which decreased expression of Bcl-
2 protein and increased Bax protein expression have
been reported (7). In this process, circRNAs can play
regulatory functions due to their miRNA sponge action.
For example, recently the anti-apoptotic properties of
circRNA 0001518 has been demonstrated in testis torsion/
detorsion injury by Zarei Moradi et al. (8) and they stated
that this circRNA has a positive correlation with the Bc/-x
gene expression.

In recent years, the use of nanoparticles (NPs) in the
medical sciences has increased dramatically due to their
lower toxicity, smaller size, and high bioavailability
compared to their non-nano counterparts (9). In PD, NPs
have been shown to have protective effects and this has
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been attributed to the reduction of a-Synuclein fibrillation
(10). Dueto their small size, NPs have the ability to cross the
blood-brain barrier (BBB). Also, the antioxidant effects of
some NPs against oxidative stress in mitochondria under
PD conditions have been reported in previous studies (11).
The results of a study showed the synergistic effects of
NPs in combination with antioxidants and the prevention
of nanoparticle toxicity on cells (12). Recently, researchers
have drawn attention to the therapeutic properties of
NPs in PD treatment. Examples include the therapeutic
effects of Iron Chelation NPS (13), poly (DL-lactide-co-
glycolide) (PLGA), acidic NP (aNP) (14), and Cerium
oxide NPs (CeONPs) (15). Prevention of overexpression
of a-synuclein (SNCA), prevention of iron accumulation
in substantia nigra cells (13), and antioxidant properties
of NPs (15) were stated as their therapeutic mechanisms
in PD conditions. TiO, nanoparticles (TiO,-NPs) have
many applications in various industries. The neurotoxic
effects of this compound have been reported in PD (16).
For example, Naserzadeh et al. (17) indicated that TiO,
NPs induced necrosis in brain cells. However, the impacts
of the combination of TiO,-NPs with antioxidants have
not been reported.

The prevalence of PD is increasing in young populations
and therefore, these individuals are more likely to
become pregnant during the course of the disease (18).
Hence, the management of this disease during pregnancy
has been considered. Although most studies have
reported successful pregnancies, however, because these
researches are mostly case or retrospective studies, there
is still concern that PD may adversely affect the fetus.
Therefore, it is necessary to do more studies in this area.

Therefore, the current study aimed to determine the
effects of vitamin E and TiO,-NPs on the expression of the
Bcl-2 gene and circRNA 0001518 levels in a rat model of
PD and their fetuses. To the best of our knowledge, there
were no reports about simultaneous administration of NPs
with an antioxidant in the PD condition and evaluation of
their therapeutic effects.

Materials and Methods
Materials

TiO,-NPs and vitamin E were purchased from Sigma
Aldrich (German) corporation. 0.02 mg/kg body
weight TiO,-NPs and 24 international unit (L.U.)/kg,
intramuscular (i.m.) vitamin E (19) were administrated
to the rats. The nanoparticle dose was selected based on
a pre-test in which the maximum concentration of TiO,-
NPs did not cause death in rats.

Animals

In this experimental study, Adult female Wistar rats (6
weeks old, n=48) were obtained from the Pasteur Institute
of Iran and placed in a room with a temperature of 25 +
2°C, 12 hours of light/dark cycle, and relative humidity
of 50 £ 10%. All animals had free access to water and
food (corn, wheat, barley). After 1 week of adaptation in

Jamali et al.

the laboratory conditions, the animals were divided into 8
groups (n=6):

1. Control group (healthy)

2. Control group received 24 1.U./kg, i.m. vitamin E 3
times/week for one month

3. Control group received 0.02 mg/kg body weight TiO,-
NPs i.m 3 times/week for one month

4. Control group received 0.02 mg/kg body weight TiO2-NPs
and 24 1.U./kg i.m. vitamin E 3 times/week for one month

5. PD group

6. PD group received 24 1.U./kg, i.m. vitamin E 1 h before
PD induction and 3 times/week for one month.

7. PD group received 0.02 mg/kg body weight TiO,-NPs i.m.
1 hour before PD induction and 3 times/week for one month

8. PD group 0.02 mg/kg body weight TiO,-NPs and 24
L.U./kg, i.m vitamin E 1 hour before PD induction and 3
times/week for one month

At the end of the experiment, on day 31 of the
experiment, rats were allowed to mate with fertile males.
A vaginal smear test was used to confirm pregnancy of
female rats and pregnant rats were placed in separate
cages. The embryos were then removed on the 21% day of
pregnancy from the females’ abdomens and their brains
were extracted and used for molecular analysis. For each
group, 5 embryos were selected.

Ethical statement

The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Ethics
Committee of Teheran Medical Science, Islamic Azad
University (IR.IAU.PS.REC.1399.208).

Induction of parkinson’s disease

The rats were anaesthetized by intraperitoneal
injection of 45 mg/kg 3% sodium pentobarbital. Then,
unilateral lesions were done on the left medial forebrain
bundle, followed by 6-hydroxydopamine (6-OHDA)
stereotaxical injection at a rate of 0.5 pL/minute. at
the coordinates described by the atlas of Paxinos and
Watson (20).

Apomorphine-induced rotation tests

If injection of 6-OHDA causes extensive neuronal
damage in the midbrain, two to four weeks after surgery,
animals show successive rotations toward the injection
site in response to apomorphine injection. The number of
these rotations per time unit is a measure of the severity of
neuronal damage in the midbrain. To perform this test, the
rats were first placed in a transparent plastic cylinder (28
cmx38 cm) and after 15 minutes, 0.5 mg/kg body weight
apomorphine hydrochloride was injected into them. After
60 seconds, the number of rotations towards the injection
site or vice versa was recorded at 10-minute intervals
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for an hour. Finally, the number of rotations toward the
injured side was subtracted from the opposite side, which
indicated the number of net rotations to the opposite side.
Further rotation indicated the severity of the lesion and the
loss of dopaminergic cells (21).

Preparation of substantia nigra cells

After treating PD and control rats with TiO_,-NPs and
vitamin E, the rats were transferred to the operating
room and anesthetized by intraperitoneal injection
of ketamine and xylazine (5 mL ketamine and 3 mL
xylazine). The substantia nigra was then rapidly
separated from the middle brain tissues according to
the atlas of Paxinos and Watson (20). Three steps of
tissue dissection, enzymatic digestion, and mechanical
dissociation were used to prepare a single-cell
suspension. First, the tissues were cut into 1-2 mm
sections by a scalpel and then immersed in phosphate-
buffered saline (PBS). In the next step, 0.2 pg/mL
of collagenase enzyme containing medium (collagen
enzyme at 0.1~0.3 pg/mL) was added and placed at
37°C for 4 hours to digest the tissue. Then filtration was
done using 49~74 um cell strainers and centrifuged at
300 g for 5 minutes. The supernatant was removed and
the cells were washed with PBS [or PBS with 0.1%
bovine serum albumin (BSA)] and prepared for cell
staining. The cells were resuspended in PBS (or PBS
with 0.1% BSA) and the concentration was adjusted to
1107 cells per mL (22).

MTT assay

Tetrazolium (Sigma, Germany) which forms
insoluble purple crystals of Formazan was used in the
MTT assay. The isolation of cells was described in the
previous section. 50 pL of MTT solution was added to
the tubes to reach a final concentration of 2 mg/mL. The
tubes were then incubated for 3 hours at 37°C. After
that, 500 pL dimethyl sulfoxide (DMSO) was added
in 0.01 N HCI and incubated overnight. The solution
was poured on 96 wells plate and after 1 hour the
absorption was read at 570 nm by spectrophotometry
using 690 nm as the reference (23).

Flow cytometry

During apoptosis, phosphatidylserine binds to the
surface of the cell membrane and is detected by annexin-V.
Therefore, in the present study, the annexin/Propidium
iodide (PI) staining method was used to evaluate apoptosis
or necrosis (24). The cells were isolated as described
above. Five pg/mL of FITC-labeled annexin-V (Sigma,
Germany) and 10 pg/mL of PI were mixed in 100 pl of
the cell suspension. After 15 minutes, 400 pul of HEPES
buffer was added to the suspension to block the binding.
Finally, a tube containing stained cells was placed in a
FACS caliber flow cytometer (BDbiosciences, USA).
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RNA extraction and ¢DNA synthesis

After killing the animals one day after receiving the last
dose, their brain tissue was extracted and after preparing
the brain homogenates, RNA was extracted using an RNA
extraction kit (Denazist, Iran). Nanodrop was used to
quantify extracted RNA and agarose gel electrophoresis
was used to determine the quality of the extracted RNA.
After that, cDNA Synthesis Kit (Easy cDNA Synthesis
Kit, DenaZist, Iran) was used to synthesize cDNA
according to the manufacturer’s instructions.

The primers for Bcl-2 and circRNA 0001518 genes were
designed using the Gene runner, Allel ID, and Primer
express software V.3.0 (Applied Biosystems, USA). The
sequences of primers are given in Table 1.

Table 1: The sequence of designed primers for evaluation of Bc/-2 and
circRNA 0001518 genes expressions

Genes Primer sequence (5-3")

circRNA 0001518  F: GGCAGAACAGGAAGTTGGTC

R: GACAGAGAATGGGGCAGAAA

rat-Bcl-2 F: ATCGCTCTGTGGATGACTGAGTAC
R: AGAGACAGCCAGGAGAAATCAAAC
rat-f-actin F: CGGTTCCGATGCCCTGAGGCTCTT

R: CGTCACACTTCATGATGGAATTGA

Real-time polymerase chain reaction

Real-time polymerase chain reaction (ABI 7300) was
done using a master mix and specific gene primers.
The PCR timing and temperature program are shown
in Table 2.

Table 2: The polymerase chain reaction (PCR) timing and temperature
program used in the current study

Steps Temperature Time Number of
O cycles

Initial denaturation 95 2 minutes 1

Denaturation 95 20 seconds

Annealing 60 30 seconds 32

Extension 72 20 seconds

Final extension 72 5 minutes 1

Statistical analysis

The results were shown as mean = SE. Two-way
ANOVA was used to analyze the data after ensuring the
normal distribution of the data. Tukey test (P<0.05) was
used to examine significant differences in the means of



the data. The measurements of relative gene expressions
were done by the 244“ method. GraphPad Prism V.8
(GraphPad, USA) was used to analyze the data.

Results
Apomorphine-induced rotation test

The results of the apomorphine-induced rotation test in
the healthy control group and PD showed that three weeks
after injury, in the average number of rotations in the PD
group was higher than the healthy controls (P<0.001).
While neither TiO,-NPs nor vitamin E could not reduce
the mean number of rotations in PD conditions, their
combination reduced the average number of rotations
compared to the PD controls (Fig.1).

BEm Healthy
Fekokk B8 Parkinson

s
3

60

40

20

Number of rotaions (hour)

°

Untreated E TiO, 10, Untreated E

Fig.1: Effect of TiO, nanoparticles and vitamin E on the mean number
of rotations in apomorphme induced rotation test (n=6). The animals
received Vitamin E (E), TiO, nanoparticles (TiO,), and TiO, nanoparticles
along with vitamin E (T|O +E) three tlmes/week for 1 month. PD;
Parkinson’s disease, SS; S|gn|ﬁcant difference at probability levels of
P<0.01 compared to untreated PD rats, and ****; Significant difference at
probability levels of P<0.0001 compared to untreated healthy rats.

Viability, apoptosis, and necrosis of rat brain

Induction of PD in female rats resulted in decreased
viability (Fig.2A), increased apoptosis (Fig.2B), and
necrosis (Fig.2C). Neuronal cell death in PD rats was
due to increased apoptosis. However, administration
of vitamin E or TiO,-NPs+vitamin E resulted in
increased survival, decreased apoptosis, and necrosis.
Administration of TiO,-NPs did not significantly alter
the rate of apoptosis and cell necrosis. In healthy
rats, administration of vitamin E+TiO_-NPs and TiO,-
NPs reduced the viability of brain cells and resulted
in necrosis-induced cell death. The flow cytometry
histograms are illustrated in Figure 2D.

Viability, apoptosis, and necrosis of rat embryonic
brain cells

There was a significant decrease in the viability of
neuronal brain cells of fetuses from PD female rats
compared to fetuses from healthy female rats (P<0.01).
However, embryos from PD female rats receiving vitamin
E and the combination of TiO,-NPs with vitamin E showed
a significant increase in brain neuronal survival compared
with negative control (Fig.3A). However, administration
of vitamin E and a combination of TiO,-NPs+vitamin E
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in PD rats reduced apoptosis and necrosis of fetal brain
cells (Fig.3B, C). The flow cytometry histograms are
illustrated in Figure 3D.
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Fig.2: The effect of administration of vitamin E, TiO,-NPs and their
combination on brain cells of female rats. A. Viability, B. Apoptosis, C.
Necrosis in brain cells of female rats and D. Related histograms (n=3). The
animals received Vitamin E (E), TiO, NPs (TiO,), and TiO, nanoparticles
along with vitamin E (TiO,+E) three tlmes/week for T month. After
one month of treatment, the brain was separated and analyzed. PD;
Parkinson’s disease, NPs; Nanoparticles, **, *** ****. Show significant
differences at probability levels of P<0. 01 P<0 001 and P<0.0001,
respectively, compared to untreated healthy rats, $, $$, $$$, $5$S; Show
significant differences at probability levels of P<0.05, P<0.01, P<0.001 and
P<0.0001, respectively, compared to untreated PD rats. The symbol of #
shows intragroup mean comparisons.
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Fig.3: The effect of administration of vitamin E, TiO,-NPs and their
combination on the brain cells of fetus resulted from PD female rats. A.
Viability, B. apoptosis, C. and necrosis, and D. Related histograms (n=3).
The animals received Vitamin E (E), TiO, nanoparticles (TiO,), and TiO,
nanoparticles along with vitamin E (TiO,+E) three times/week for 1 month:
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$$SS; Show significant differences at probability levels of P<0.05, P<0.01,
P<0.001 and P<0.0001, respectively, compared to untreated PD rats. The
symbol of # shows intragroup mean comparisons.

Gene expressions analysis

Induction of PD in female rats led to decreased expression
of the Bcl-2 gene in cerebral tissue. However, in the fetuses
resulting from PD mothers, an increase in Bcl-2 gene
expression was observed compared to the control group.
Decreased expression of the Bcl-2 gene was observed in
the brains of fetuses obtained from PD female rats receiving
vitamin E, TiO-NPs, and vitamin E+TiO,-NPs (Fig.4).
However, increased expression of the Bcl-2 gene was
observed in the brains of PD rats receiving vitamin E and
TiO,. There was no significant difference in the expression of
the Bcl-2 gene in the female PD brain rats receiving vitamin
E+TiO,-NPs compared to the PD group.

The expression of circRNA 0001518 in female rats was
affected by PD induction and an increase in the expression
of this gene under the PD condition was observed in the
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brains of female rats. However, the treatments used did
not affect the expression of circRNA 0001518. Increased
circRNA 0001518 expression was observed in the fetal
brain of healthy female rats and PD when their mothers
received vitamin E, TiO,-NPs, and vitamin E+TiO_-NPs.
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Fig.4: The expression levels of circRNA 0001518 and Bcl-2 genes in female
rats and fetuses (n=3). A. Bcl-2 gene expression in brain cells of rats, B.
circRNA 0001518 expression in brain cells of rats, C. Bcl-2 gene expression
in brain cells of the fetus, D. circRNA 0001518 expression in brain cells of
the fetus. After one month of treatment, the brain was separated, and the
expression levels of genes were analyzed. The animals received Vitamin E
(E), TiO, nanoparticles (TiO,), and TiO, nanoparticles along with vitamin E
(TiOZ+E§ three times /week for 1 month. *, ¥* *** x***. Show significant
differences at probability levels of P<0.05, P<0.01, P<0.001, and P<0.0001
compared to the healthy untreated control group, respectively, $$, $SS;
Show significant differences at probability levels of P<0.01 and P<0.001,
respectively, compared to untreated PD rats, and ns; Non significant. The
symbol of # shows intragroup mean comparisons.

Discussion

The results of the present study showed that the
viability of cerebral tissue cells under PD conditions



is greatly reduced in rats. However, the administration
of vitamin E with or without TiO,-NPs increased the
survival of brain cells. Therapeutic and protective
effects of vitamin E on central nervous system neurons
in degenerative diseases of the central nervous system
such as PD have been studied by researchers (25,
26). Evidence suggests that the progression of PD is
reduced by early administration of vitamins E and
C (27). The reduction in PD-induced cell death in
vitamin E injection conditions appears to be due to the
antioxidant effects of this compound, which prevented
oxidative stress and dopaminergic cell death (28).

In the present study, the neuroprotective effect of
vitamin E was observed in reducing cerebral tissue
cell death. It seems that this compound has strong
antioxidant effects against PD-induced oxidative
stress, which is in line with the findings of other studies
(29). Reducing necrosis and subsequent elimination
of inflammation as well as increasing viability are
involved in the improvement of neurodegenerative
diseases. These results indicated that cerebral cell
death due to PD induction in rats is mostly due to
necroptosis and vitamin E alone or in combination
with TiO,- NPs was able to prevent this type of cell
death. The effects of intravenous vitamin E injection
on cerebral ischemia have also been reported (30).

In the current study, the percentages of viable cells,
apoptosis, and necrosis after vitamin E administration
were different between female rats and embryos. This
can be attributed to different vitamin E needs during
fetal development and puberty (31). Also, the dose of
vitamin E used in the current study could be the reason
for this difference in responses. One study showed
that the dose of antioxidants such as vitamins E and
C determines the beneficial effects on the teratogenic
effects of diabetes, not the total amount of antioxidants
used. The bioavailability of vitamin E in both mother
and fetal brains was reported (32).

Moreover, when vitamin E was administered to the
healthy rats, an unexpected reduction in the viability
percentage of neurons was observed, which may
indicate stress conditions in them. The dose of vitamin
E used appears to have toxic effects on brain neurons,
leading to reduced survival. Other studies have shown
the pro-oxidant effects of high doses of this vitamin
(33). Therefore, it can be said that caution should be
exercised in taking vitamin E to prevent the high-dose
toxic effects of this vitamin on healthy individuals.
However, when this dose was administered to PD
rats, an increase in neuronal survival was observed
compared with the PD group. Therefore, administration
of this dose in PD conditions leads to neuroprotective
effects. This has been reported in other conditions,
such as patients with type 1 diabetes and cisplatin-
induced kidney and liver damage (34).

Studies have shown that high concentrations (50
mg/kg) of TiO,-NPs can exert toxic effects on neurons
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(16), which are consistent with the effect of TiO,-NPs
on the healthy group in our study. However, when
TiO,-NPs were co-administered with vitamin E in PD
rats, there was an increase in the viability of substantia
nigra neurons compared to control PD rats. This can
be attributed to the neuroprotective effects of vitamin
E in PD conditions. In the present study, it was shown
that embryos from healthy female rats receiving TiO,-
NPs showed an increase in apoptosis in brain cells
compared to healthy controls, which could indicate
the toxic effects of this compound on the embryo.
Various studies have shown that this compound
causes neurotoxicity in offspring mice (17, 35), which
is consistent with current research findings. Also, in
the study of Naserzadeh et al. (17), it was found that
TiO,-NPs lead to the destruction of the structure of the
brain and liver of rat embryos. Therefore, it seems that
this compound can cross the placental barrier and has
neurotoxic effects on the fetus.

The results of the present study showed a sharp
decrease in Bc/-2 gene expression in the cerebral tissue
of PD female rats. However, TiO,-NPs and vitamin E
had a significant effect on Bcl-2 gene expression in rat
cerebral tissue and increased the expression of this gene.
In the combined treatment of vitamin E+TiO_-NPs, no
significant difference was observed in the expression
of the Bcl-2 gene in the cerebral tissue compared to
the PD group. The role of the Bcl-2 gene family in
the process of mitochondrial apoptosis is well-known.
The Bcl-2 protein has an anti-apoptotic role and its
overexpression protects neurons (36). Increasing
tolerance to oxidative stress by increasing the content
of antioxidant compounds such as glutathione is one
of the mechanisms of the protective effect of Bcl-2
(37). However, in the present study, an increase in
the expression of this gene was also observed in the
female rats receiving TiO,-NPs compared to control
PD rats which was contrary to the data obtained from
cell viability and apoptosis/necrosis assessment.
Therefore, merely increasing the expression of this
gene may not indicate the neuroprotective effects of
compounds, and other regulatory genes such as Bax
may be involved.

circRNAs are a class of RNA that show good stability
due to their cyclic structure. circRNA acts as a sponge
to bind miRNAs and regulate gene expression. These
regulatory elements have been used as biomarkers fora
variety of diseases and even as a target for the treatment
of diseases. circRNAs can accumulate in the brain
and cause neurological diseases (38). In the present
study, an increase in circRNA 0001518 expression was
observed in PD rats compared to the control rats in
cerebral tissue. However, the used treatments did not
have a significant effect on changing the expression
of circRNA 0001518. The increased expression of
circRNA 0001518 in PD rats may indicate its probable
role in PD-induced cell death and, therefore, should be
considered in future research. The result of the present
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research is in contrast to a recent study in which the
anti-apoptotic effects of circRNA 0001518 in Testis
Torsion/Detorsion Injury conditions have been
reported (8), which can be attributed to the different
roles of this circRNA in different diseases.

The patterns of studied gene expressions were
different between mothers and fetuses which can be
attributed to the different patterns of gene expressions
during development.

Conclusion

The current study found that a high dose of vitamin
E could lead to neurotoxic effects in healthy rats.
However, when this dose was administered to PD
rats, the neuroprotective effects were seen. Moreover,
although TiO,-NPs administration had toxicity effects
on healthy female rat neurons, the combination of
vitamin E and TiO,-NPs had opposite effects and
could increase the survival of brain cells even in
the PD group. The mechanism of this effect and its
probable attribution to the upregulation of the Bcl-2
gene decreased apoptosis, and necrosis of brain cells
should be further assessed. It was also found that
induction of PD in female rats reduced the viability of
brain cells in the fetuses, indicating teratogenic effects.
Administrations of vitamin E and vitamin E +TiO,-NPs
showed neuroprotective effects in fetuses resulting
from PD female rats. It is suggested that the effects
of other NPs in combination with antioxidants should
be evaluated in future studies. Moreover, identifying
the neuroprotective mechanism of these compounds is
important and requires further studies.
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Abstract
Objective: The function of Th17 cells in the neuroinflammatory process in multiple sclerosis (MS) has been previously
clarified. It has been suggested that Quercetin can influence MS due to a variety of anti-inflammatory effects. The present
study aimed to examine in vitro immunomodulatory aspects of Quercetin Penta Acetate as a modified compound on
Th17 cells of MS patients and also to compare its effects with Quercetin.

Materials and Methods: In this experimental study, peripheral blood mononuclear cell (PBMCs) were isolated and
stained with CFSE then, half-maximal inhibitory concentration (IC, ) values were determined using different doses
and times for Quercetin Penta Acetate, and Methyl Prednisolone Acetate. Th17 cell proliferation was analyzed by flow
cytometry and the expression levels of IL-17 and RORc genes were assessed by real-time polymerase chain reaction
(PCR) method.

Results: The results showed that /L-17A gene expression was inhibited by Quercetin Penta Acetate (P=0.0081), but
Quercetin Penta Acetate did not have a significant inhibitory effect on Th17 cells proliferation (P= 0.59) and RORc gene
expression (P=0.1), compared to Quercetin.

Conclusion: Taken together, our results showed some immunomodulatory aspects of Quercetin Penta Acetate on
Th17 cells are more effective than Quercetin and it could be considered in the treatment of MS.
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Introduction

Multiple sclerosis (MS) is a chronic autoimmune disease
of the central nervous system (CNS) characterized by
neuroinflammation which is followed by demyelination
and neurodegeneration. There are over 2.5 million
people worldwide who have MS. While all the factors
involved in MS have not been completely revealed,
gene-environment interaction creates an imbalance in
the normal function of the immune system and this is
where the inflammation processes initiate. Two key cells
of adaptive immunity T helper (Thl), and Th17 are
involved in MS (1). The differentiation of Th17 cells
depends on the gene expression of retinoic acid-related
orphan receptor (RORc).

The Th17 cells have mainly cytokine profile including
IL-17,1L-23,1L-22, and IL-21 with IL-17A being the most

prominent one. In the IL-17 family, [L-17A and IL-17F are
better known for their functional and biological importance
(2). IL-17 secretion is induced by TGF-B1, IL-1p, IL-6,
and IL-23 in Th17 (3) and the function of Th17 cells in the
neuroinflammatory process of the immunopathogenesis
experimental autoimmune encephalomyelitis (EAE)
model has been clarified (1). The levels of IL-17 in human
sera are undetectable but data have reported increases
in IL-17mRNA in peripheral blood mononuclear cells
(PMBC) obtained from MS patients (4). IL-17-blocking
antibodies have been shown to attenuate experimental
autoimmune diseases (2), suggesting that the IL-17A plays
a crucial role in the development of CNS inflammation in
MS patients Also, the Th17 cells contribute to breaking
of Th1/Th2 axis in an EAE model that is important in the
immune pathogenesis of MS (5). The Th17 cells are able
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to pass blood brain barrier (BBB) more easily compared
to the Thl due to the surface CCR6. Mice lacking CCR6,
developed Th17 responses but were highly resistant to
the induction of experimental autoimmune (6). In MS,
the Th17 cells play their role by proliferation, producing
IL-17 and cooperation with other cells.

There is no definitive treatment for MS. Although
interferon beta and corticosteroids are commonly used to
control the clinical symptoms.

For many years, folk medicines have been important
because of their natural basis. Quercetin (3, 3', 4/, 5,
7-penta hydroxyl flavone) is a flavonoid found in a wide
variety of fruits and vegetables, including nuts, grapes,
apples, berries, onions, kale, and black tea (7).

Studies have established Quercetin with anti-oxidant (8),
anti-inflammatory (9) and anti-infectious (10) properties.

In rats, the administration of Quercetin improves
recovery after acute traumatic spinal cord injury in a
dose-dependent manner (11) . Quercetin can also reduce
apoptotic neuronal cell death induced by microglial
stimulation. Combination of Quercetin and the interferon
beta (IFN-B) on PBMCs of MS patients have supported
positive results on proliferation and gene expression level
(12). These findings show that Quercetin can be considered
in the treatment of MS because of its immunomodulatory
potentials.

Both lipophilic and hydrophilic of Quercetin can be
improved by adding groups like acetylation (carbonlg)
(13, 14). So, changes in the chemical composition of a
substance may have some positive or negative effects on
its properties.

The effects of Quercetin on Th17 cells have not
yet been fully studied. Due to the lipid profile of the
BBB region, lipophilicity of the drug is considered as
a privilege and can be important along with other anti-
inflammatory properties (15). Quercetin Penta Acetate
was used as a more lipophilic compound with the same
natural base.

The aim of the present study was to examine the primary
aspects of immunomodulation of Quercetin Penta Acetate
as a modified compound on the expression of major
differentiating genes, of the Th17 cells of MS patients
and the results were compared with Quercetin and Methyl
Prednisolone Acetate.

Materials and Methods
Materials

Quercetin (5 mg, Sigma, Germany), Quercetin Penta
Acetate (5 mg, Isfahan Pharmaceutical Sciences Research
Center, Faculty of Pharmacy, Isfahan University of Medical
Sciences, Iran) (the product is still investigational), and
Methyl Prednisolone Acetate (5 mg, Kaspean Tamin
Pharmaceutical company, Iran) powders, were dissolved
in dimethyl sulfoxide (DMSO, Sigma, Germany) with
a primary concentration of 10000 um and then other
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dilutions were prepared by culture medium RPMI1640
of this base.

Subjects

In this experimental study, healthy volunteers (n=3)
and newly diagnosed MS patients (n=>5) participated. All
patients were diagnosed based on McDonald criteria and
referred by the clinic of MS center Isfahan, Iran (sex and
age-matched). MS patients did not have any history of
other autoimmune diseases, allergies and, also none of
them were treated with anti-inflammatory medications,
including steroids therapy or IFN-f at the time of
sampling.

They participated in the study at the beginning of
remission symptoms that usually was not more than a
week. Informed consent form was approved by the Ethical
Committees of Isfahan University Medical of Science,
Isfahan, Iran (IR.MULREC.1396.3.857) and signed by
all the participants before enrolling in this study.

All the mandatory laboratory and safety procedures
were followed at any experimental work.

Isolation and CFSE
mononuclear cell

stain peripheral blood

Heparinized venues blood (10 ml) was collected and
then PBMCs were isolated by Ficoll gradient density
(Biosera, France). PBMCs were removed from the
plasma/Ficoll and their viability was checked by trypan
blue dye exclusion test.

Briefly, the PBMCs were suspended in phosphate
buffered saline (PBS) at the concentration of 10-100x10°
cells/ml. Then the cells were stained with 5 um CFSE
(5-(and-6-)-carboxy fluorescein diacetate succinimidyl
ester prob) (Biolegend, San Diego, CA, USA),
according to the kit’s instructions.

IC,, calculation and time response

The CFSE-labeled PBMCs obtained from the previous
step were plated in the 24 well plates at a density of
1x10° cells/well, containing RPMI 1640 medium [heat-
inactivated fetal bovine serum (FBS)] 10% and penicillin/
streptomycin 1%). The cells were stimulated by 0.1 pg/
ml of each soluble anti -CD3 and anti- CD28 monoclonal
antibodies (Mabtech, Sweden) and were kept at 37°C
in the humidified atmosphere of 95% air and 5% CO.,.
After 24 hours incubation, soluble IL-2 was added with
concentration of 100 U/ml (Pepro Tech, UK) and the
cells were treated by 1, 10, 100 um concentrations of
Quercetin Penta Acetate for 24, 48, 72 hours and 0.05,
0.5, 5 pm concentrations of Methyl Prednisolone Acetate
for 48 hours. The final concentration of DMSO in all
experiments did not exceed 1% which is acceptable and

was used as a negative control.
To evaluation of the half-maximal inhibitory
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concentration (IC, ) value, CFSE labeled PBMCs were
stained with an antibody against theCD4" (Percp cy5.5,
Biolegend, San Diego, CA, USA) and were analyzed
using CFSE histogram by a flow cytometry FACS calibur
(Becton Dickenson, Bioscience, San Jose, CA, USA).
Dose and time with 50% inhibition of proliferation
were selected as IC, | value (the doses of 100 pm and
2.5 um were considered for Quercetin Penta Acetate
and Methyl Prednisolone Acetate respectively) and the
data were analyzed by the Prism 8.0 and Excel 2015
software (16, 17).

Determination of cytotoxicity effects

To assess cytotoxicity, the PBMCs were cultured with
100 pm Quercetin Penta Acetate, 2 and-5 pm Methyl
Prednisolone Acetate and 100 um Quercetin for 48 hours
using the Annexin FITC/PI double staining apoptosis
detection kit (BD Biosciences, Waltham, MA). The cells were
stained with FITC Annexin V and PI (5 ul) and incubated for
10 minutes at the room temperature in a dark place.

Flow cytometry

The effect of Quercetin, Quercetin Penta Acetate,
and Methyl Prednisolone Acetate on the proliferation
of CD4" IL-17" cells were evaluated in MS patients
by CFSE histogram. The CFSE-labeled cells were
cultured in 24-well plates and treated with Quercetin
(100 pM/ml), Quercetin Penta Acetate (100 pM/
ml), Methyl Prednisolone Acetate (2.5 pM/ml),
and DMSO for 48 hours. We added the cells 2 pl/
ml PMA (Phorbol Myristate Acetate)/ionomycin in
the presence of brefeldin A (activation cocktail with
BFA, Biolegend) for 6 hours, then washed and stained
using an intracellular protocol. In brief, the cells were
suspended by fixation buffer (Biolegend, San Diego,
CA, USA) and washed by permeabilization buffer
(Biolegend San Diego, CA, USA) and antibody IL-17
(PE, Biolegend, San Diego, CA, USA).

Real- time polymerase chain reaction

First, total RNA was isolated from the cultured
PBMCs using an extraction kit (Yekta tajhiz azma
Co. Iran) according to the manufacture instructions.
The purity of isolated RNA was determined using a
spectrophotometer. The first strand cDNA (Yekta
tajhiz azma Co. Iran) was synthesized using the total
RNA in the Eppendorf thermal cycler. The expression
of RORc and IL-17 mRNAs in were detected in the
control and treated groups by quantitative real-time
polymerase chain reaction (PCR) using the SYBR
Green PCR master mix (BioFact Co. South Korea).
The following primers were used by Primer3 site:

RORc-

F: 5'-AGAGATAGAGCACCTGGT-3'
R: 5'-CCACATGGACTTCCTCTG-3’
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IL-174-

F: 5'-GAATCTCCACCGCAATGA-3’
R: 5-GACACCAGTATCTTCTCCAG-3".

Finally, the specificity of the primers was evaluated using
the Blast NCBI site. The gene levels were normalized to
f-act as an internal housekeeping control and the relative
expression levels were assessed using the method.

Statistic

Data were analyzed using the SPSS software (V. 22,
IBM, Chicago, IL.) and GraphPad Prism 8.0.2 (GraphPad
software, San Diego, CA). Data were expressed as mean +
standard error of the mean (SEM). Kolmogorov-Smirnov
test was used to detect the normal distribution of data.
One-way ANOVA and independent sample t tests were
employed for the comparison of significant difference
among experimental groups with a normal distribution,
while Mann—Whitney and Kruskal-Wallis tests were
used to contrast the groups with non-normal distributions.
P<0.05 were considered statistically significant.

Results
Evaluation of lC50 value

Tomeasure IC, , cultured PBMC:s of healthy participants
were treated for 24, 48 and 72 hours with different doses
of Quercetin Penta Acetate and Methyl Prednisolone
Acetate. Quercetin Penta Acetate inhibited proliferation
in a dose and time-dependent manner. The IC,, value
on cell proliferation was where Quercetin Penta Acetate
could inhibit the CD4* cells proliferation approximately
50% (percentage of proliferation inhibition by CFSE
and flow cytometry). As shown Figure 1A, 1 and 10 pm
of Quercetin Penta Acetate did not show an effective
influence on the cell proliferation after 24, 48, 72 hours
of incubation, while 100 pm concentration of Quercetin
Penta Acetate had 50% inhibitory effects, IC, for Methyl
Prednisolone Acetate was 2.5 pm concentration after 48
hours culture (Fig.1B).

The Effect of compounds on cell death in peripheral
blood mononuclear cell multiple sclerosis patients

We analyzed PBMCs apoptosis by flow cytometry
after Annexin V/PI staining. The data are plotted in
two-dimensional dot plots in which PI is represented
versus Annexin V-FITC. Different population of cells
were considered as Viable cells (PI/FITC -/-), apoptotic
cells (PI/FITC -/+), late apoptotic cells (PI/FITC +/+)
and at least necrotic cells (PI/FITC +/-). As shown in
Figure 2, while the percentage of necrotic cells and the
double positive cells (late apoptosis/necrosis) increased
following Quercetin Penta Acetate and Quercetin
treatment compared to the control, no obvious difference
was observed between Quercetin and Quercetin Penta
Acetate.
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The effect of Quercetin Penta Acetate on Th17 cells
proliferation in multiple sclerosis patients

In order to test whether Quercetin Penta Acetate can
inhibit proliferation of Th17 cells, isolated PBMCs of
MS patients were treated at IC, | dose of each compound
for 48 hours. We gated CD4", IL-17" cells (Fig.3A, B),
the proliferation reduction in the treated Th17 cells with
Quercetin Penta Acetate was not remarkable. There was
no significant difference among the experimental groups
in the proliferation of Th17 cells as shown in (Fig.3C),
compared to the control group (P=0.59). The impact of
the treatments on the Th17 cells proliferation by CFSE
assay (Fig.3D).
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Effect of Quercetin Penta Acetate on IL-174 and RORc
gene expression in multiple sclerosis patients

The comparison of Quercetin Penta Acetate with
Quercetin showed that Quercetin did not have a dramatic
effect on /L-174 mRNA level in MS patients. Despite
of RORc detection, none of these agents had an effect
on the gene expression of RORc in MS patients (P=0.1,
Fig.4A). The qPCR results showed (Fig.4B) that /L-174
was reduced significantly by Quercetin Penta Acetate
(P=0.0008) and Methyl Prednisolone Acetate (P=0.0081)
at the mRNA level compared to treated cells with DMSO
(control group).
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Fig.3: The effects of different treatments on proliferative response Th17 cells in MS patients. CFSE stained PBMCs of MS patients were cultured with 100 um QPA
and Q, 2.5 um MPA for 48 hours, then the cells were labeled by CD4* and IL-17 antibody using intracellular staining protocol. Data were pooled from five MS patients
and expressed as mean SEM. A. The lymphocyte population were gated using forward and side scatter. B. The population CD4*(FL3+ Per.cp. cy5.5) IL-17+ (FL2+ PE)
were gated to detect proliferation in Th17 cells. C. Comparison between QPA, Q and MPA on Th17 proliferation with DMSO. There was no significant difference
between groups with DMSO as control group (P=0.59). D. Different compound on Th17 cells proliferation. One-way ANOVA and independent sample t tests were
employed for comparison of significant difference among groups with normal distribution. MS; Multiple sclerosis, PBMCs; Human peripheral blood mononuclear
cells, DMSO; Dimethyl sulfoxide, Q; Quercetin, QPA; Quercetin Penta Acetate, and MPA; Methyl Prednisolone Acetate.
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To RORc gene expression, there was no significant difference between treated
groups and DMSO as a control group (P=0.1). B. IL-17A was reduced significantly
by QPA (P=0.0008) and MPA (P=0.0081) at the mRNA level compared to treated
cells with DMSO (control group), but effect Q was not significant. One-way
ANOVA and independent sample t tests were employed for the comparison
of significant difference among groups with normal distribution, while Mann—
Whitney and Kruskal-Wallis tests were used to compare the groups with
non-normal distribution. P<0.05 were considered statistically significant. ***;
P=0.001, **; P=0.001, MS; Multiple sclerosis, RT-q PCR; Quantitative reverse
transcription polymerase chain reaction, PBMCs; Human peripheral blood
mononuclear cells, DMSO; Dimethyl sulfoxide, Q; Quercetin, QPA; Quercetin
Penta Acetate, and MPA; Methyl Prednisolone Acetate.

Discussion

Jadidi-Niaragh et al. (1) have thoroughly described the
function of Th17 cells in MS and explained how both Th17
cells and IL-17 have become an interesting therapeutic
target in many autoimmune diseases.

Today, a variety of immunomodulatory medicines are
used to control MS, which their availability to the CNS
can be an important factor in their effectiveness. Many
in vitro research have suggested that Quercetin possesses
anti-inflammation and immunological functions. Some
conjugated metabolites have different behavioral and
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functional properties (18) , so it is possible these forms
of Quercetin might be more efficient and favorable
immunomodulatory effects (19). The number of published
articles for the effects of Quercetin on Th17 cells and its
cytokines are low, thus our article can be considered for
this reason.

The second phase of inflammation which leads to the
production of pro-inflammatory cytokines occurs when
activated cells pass through the BBB and proliferate
(20). Quercetin could influence on T cells proliferation
and activation by blocking the signaling pathway
of IL-12 (21). A Dose-response study revealed that
proliferating PBMCs were resistant to some Quercetin
metabolites (22). Sternberg et al. (12) presented the first
evidence of the beneficial immunomodulatory effect(s)
of Quercetin on isolated PBMCs from MS patients, and
reported that proliferation PBMCs of in MS patients
could be restrained by Quercetin. In the present study,
we examined the effect of Quercetin Penta Acetate and
Quercetin on the proliferation of the Th17 cells for the
first time in MS patients and we showed that proliferation
was reduced by proximately 5% in the T cells, however,
this decrease was not significant in Th17s. This suggests
that the results of the recent study may be because of the
effect of Quercetin on other T cell subclasses, not Th17.
In line with the previous study, we found that Quercetin
and Quercetin Penta Acetate may induce an apoptotic
effect that overlaps with the necrotic effect, they did not
differ from each other in terms of cytotoxic effect on
cells. Although the loss of significant proliferation was
consistent with previous studies, the slight reduction of
proliferation in PBMCs may depend on cell death and
activation of apoptotic proteins (23).

Our goal in this study was not only to investigate the
effect of Quercetin on Th17 cells of MS patients but also
to investigate whether it can be improved by Quercetin
Penta Acetate (24). The lipophilic properties of Quercetin
and its improvement by adding carboxyl groups have
already been proven, butwhether Quercetin Penta Acetate
was more potent than Quercetin in properties such as
inhibition of proliferation and gene expression were yet
to be explored. Many efforts have already been made
to improve drug delivery such as using Nano-carriers,
Nano-capsule, or adding lipophilic structures such as
acetate (25, 26).

While administration of high-dose intravenous Methyl
Prednisolone in MS patients, remarkably reduces the
count of Th17 cells after treatment (27), the present study
indicated that Methyl Prednisolone Acetate did not have a
significant effect on Th17 cells proliferation in IC, dose.

In glial cells, Quercetin can inhibit LPS-induced mRNA
levels of TNF (28). Besides the inhibition of the IL-12-
STAT4 signaling pathway, Quercetin also suppressed
IL-2 and IFNy in T lymphocytes and attenuated the EAE
model (21). Since, the inhibitory role of Quercetin on a
wide range of pro-inflammatory cytokines such as IL-
6, IL-1PB, and TNF has been proven by targeting many
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intracellular signaling (kinase and phosphatase) and
membrane proteins, it has been suggested that Quercetin
has the potential to downregulate the inflammatory
process in MS patients. Albegova et al. have reported that
Quercetin dihydrate is able to decline the level of IL-17
protein to an undetectable extent (29).

Our study showed that Quercetin Penta Acetate could
decline the IL-17A gene expression dramatically, but this
reduction was more than Quercetin. Suppressor effects
of Methyl Prednisolone on IL-17 have been investigated
in previous studies and our results were consistent with
those studies (30).

RORc, as a specific transcription factor of IL-17A, has
an essential role in the development of Th17 cells and the
inhibition of RORCc gene expression has been reported
in the PBMCs MS patients treated with a high-dose of
intravenous Methylprednisolone (31), but our study did
not show the same results. It may be due to the result of
data scattering or the sample size.

It is known that besides RORc many transcription
factors such as STAT3, IRF4, KLF4, and also AHR
receptors and microRNA are involved in the regulation
of the IL-17A level, however, the signaling pathways
which lead to activation of these transcriptional profiles
are poorly understood. Therefore they can be the aim
of future studies but it’s known that some of these
agents can regulate Th17 development via binding to
the IL-17A promoter directly without changing ROR
expression (2). Hence Quercetin Penta Acetate may
decrease IL-17A expression independent of the RORc
pathway. In Thl cells, Quercetin could decrease IL-2
independent of T-bet (32).

Previously, a similar study was conducted on the
metabolite Apigenin and the results showed that its Acetate
metabolite were more effective in curb proliferation and
gene expression than the basic compound (17).

Despite the anti-inflammatory role of Quercetin in Th
cells, its regulatory mechanisms remained unknown.
We examined the effect of Quercetin Penta Acetate on
phenotype Th17 cells proliferation and IL-17, RORc
gene expression and also compared it with its base
compound Quercetin and common treatment MS,
Methyl Prednisolone Acetate. Our results indicated that
in the reduction of proliferation there was no difference
but Quercetin Penta Acetate acted more efficiently on
inhibition of /L-17 gene expression.

Conclusion

It was shown that some immunomodulatory aspects
of Quercetin Penta Acetate on Th17 cells of MS patients
are more effective than Quercetin, this compound has the
potential to have a chance to participate in clinical trials
or as a supplementary along with other MS medications.
Since the future challenge in this field is to attain a
beneficial bioactive form of Quercetin, further research
is needed to understand its other immunological aspects.
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Abstract
Objective: Chemotherapeutic drug resistance is the main obstacle that affects the efficacy of current therapies of
hepatocellular carcinoma (HCC), which needs to be addressed urgently. High expression of histone methyltransferase
G9a was reported to play a pivotal role in the progression of HCC. Regulatory mechanism of aberrant activation of G9a
in HCC and the association with subsequent cisplatin (DDP) resistance still remains ambiguous. This study strived to
investigate mechanism of G9a overexpression and its impact on cisplatin resistance in HCC cells.

Materials and Methods: In this experimental study, we investigated effects of different concentrations of cisplatin in
combination with BIX-01294 or PR-619 on viability and apoptosis of HuH7 and SNU387 cells via CCK-8 kit and flow
cytometric analysis, respectively. Colony formation capacity was applied to evaluate effect of cisplatin with or without
BI1X-01294 on cell proliferation, and western blotting was used to verify expression level of the related proteins. Global
mRNA expression profile analysis was adopted to identify differentially expressed genes associated with overexpression
of G9a.

Results: We observed that overexpression of G9a admittedly promoted cisplatin resistance in HCC cells. Global
mMRNA expression profile analysis after G9a inhibition showed that DNA repair and cell cycle progression were down-
regulated. Moreover, we identified that deubiquitination enzymes (DUBs) stabilized high expression of G9a in HCC
through deubiquitination. Additionally, cisplatin could significantly inhibit proliferation of DUBs-deficient HCC cells, while
promoting their apoptosis.

Conclusion: Collectively, our data indicated that DUBs stabilize G9a through deubiquitination, thereby participating in
the cisplatin resistance of HCC cells. The elucidation of this mechanism contributes to propose a potential alternative
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intervention strategy for the treatment of HCC patients harboring high G9a levels.
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Introduction

Cancer, as the second leading cause of death in the
world, is a serious threat to human health (1). Globally,
liver cancer has leaped to the third place among deaths
caused by cancer (2). Hepatocellular carcinoma (HCC),
which accounts for the vast majority of primary liver
cancer, has usual risk factors including hepatitis B/C
virus (HBV/HCV) epidemic, alcohol abuse, obesity,
non-alcoholic fatty liver disease (NAFLD) and so on
(3, 4). For patients with early-stage HCC, surgery,
radiofrequency ablation, radiotherapy and percutaneous
ethanol injection can be applied for treatment (5, 6).
Unfortunately, most of the patients have progressed to the
intermediate or advanced stages of HCC when diagnosed,
so that the optimal window for radical surgical resection
is missed. These patients need to receive non-surgical

treatment dominated by chemotherapy to shrink tumors
or slow-down growth of tumors, thereby improving their
survival time (7). Notwithstanding, a majority of patients
with HCC will develop therapy resistance after receiving
systemic treatment, resulting in their 5-years survival
rate as low as 18% (8-11). Consequently, comprehensive
understandings of the mechanism(s) of HCC therapy
resistance will aid formulate alternative HCC therapeutic
strategies to improve quality of life of the patients.

In recent years, epigenetic modification, which refers
to the reversible regulation of gene expression while
preserving the DNA sequence unchanged, has played an
increasingly prominent role in cancer (12-15). Epigenetic
changes involve multiple approaches, including histone
modification, DNA methylation, chromatin remodeling,
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etc (16). Among them, although histone methylation
has received relatively late attention, it has gradually
become a research hotspot in the field of epigenetics at the
moment. Histone methylation modification is a process
in which the methyl group in S-adenosylmethionine
(SAM) is transferred to the lysine or arginine residues
of histones. This process is mediated by histone
methyltransferases (HMTs) (17). G9a, also known as
histone-lysine N-methyltransferase 2 (EHMT2), is a
notable HMT belonging to the members of the Suv39h
subgroup, containing the Su(var)3-9-Enhancer of zeste-
Trithorax (SET) domain (18). G9a was reported to be
overexpressed in a variety of cancers, including HCC (19,
20). Overexpression of G9a is considered to be related
to the inferior outcomes of patients with HCC (21).
Nonetheless, the mechanism by which G9a is aberrantly
expressed in HCC is vague.

Ubiquitination is one of the most extensive post-
translational modifications (PTMs), which plays a
significant role in regulating stability, activity and
localization of proteins (22, 23). Ubiquitination of the
target protein is reversed by deubiquitinating enzymes
(DUBs), which stabilizes the protein by removing the
ubiquitin chain in the protein, thereby preventing it
from degradation by proteasome (24). Accordingly,
it is reasonable to presume that DUBs may stabilize
expression of G9a through deubiquitination, although the
mechanism remains unclear.

Moreover, G9a plays an important role in the
chemotherapy resistance of cancer. For instance,
overexpression of G9a can promote the chemotherapy
resistance of head and neck squamous cell carcinoma and
glioblastoma (25, 26). Yet, little regard has been paid to
the impact of G9a on chemotherapy resistance to HCC.
Therefore, diverse mechanisms still need to be probed
to overcome the obstacles of chemotherapy resistance in
HCC patients.

In this study, we showed that overexpression of G9a
promotes cisplatin (DDP) resistance in HCC. Consistent
with these observations, global mRNA expression profile
analysis revealed that inhibiting the activity of G9a can
significantly affect enrichment of resistance-related
pathways. Furthermore, we found that deubiquitinating
enzymes (DUBs) are responsible for overexpression of
G9a in HCC. In general, our results suggested that de-
stabilizing G9a expression, by targeting deubiquitinating
enzymes, may be a potential therapeutic strategy for HCC.

Materials and Methods

All experimental protocols were approved by the
Medical Ethics Committee of Jinhua Hospital of Zhejiang
University, Jinhua, China (2021-ethical review-319).

Cell culture

Human liver cancer cell lines HuH7 and SNU387
were purchased from the Type Culture Collection of the
Chinese Academy of Sciences (Shanghai, China). HuH7
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and SNU387 cells were maintained in DMEM (12100-
061; Thermofisher, USA) supplemented with 10% fetal
bovine serum (11011-8611; Every Green, China), 100 pg/
ml streptomycin (GNM15140; Genome, China) and 100
U/ml penicillin (GNM15140; Genome, China). All cells
were maintained at 37°C in a humidified incubator with
5% CO,, to perform the experiments.

Cell viability assay

For Cell Viability assay, HuH7 and SNU387 cells
(5x10%) were seeded onto 96-well plates. After 24 hours,
the cells were treated with DDP (MCE, China) at the
indicated concentrations with or without BIX-01294 (HY-
10587; MCE) or PR-619 (HY-13814; MCE) and cultured
for another 24 hours. After discarding supernatant, the cell
viability was detected by the CCK-8 kit (C0042; Beyotime
Biotechnology, China) according to the manual. Optical
density values, which reflect the viability of cells, were
measured at 450 nm, using a Microplate Reader (Synergy
HTZX-22; Bio-Tek Instruments, USA).

Cell apoptosis assay

HuH7 and SNU387 cells were seeded onto 6-well
plates at a density of 70-80% and incubated for 24 hours.
Then the cells were treated with different combinations
of drugs (DDP with or without BIX-01294 and DDP
with or without PR-619) at the indicated concentrations
for another 48 hours. The harvested floating cells were
mixed with trypsinized adherent cells and washed
twice with PBS after centrifugation. Subsequently, the
reaction solution was added following the manufacturer’s
protocol for the Annexin V-FITC Apoptosis Detection Kit
(C1062L; Beyotime Biotechnology, China), and allowed
to react at room temperature for 15 minutes (protected
from light). Apoptosis rate was measured using a Flow
cytometer (EasyCell 204A1/206A1; Wellgrow, China)
according to the operating manual.

Colony formation assay

HuH7 and SNU387 cells were grown in 6-well plates
with 600 cells per well. After 24 hours, the cells were
treated with DDP, BIX-01294 or combination of DDP
and BIX-01294 for 14 days. Subsequently, the cells were
washed with PBS and fixed with 4% paraformaldehyde
for 20 minutes. They were washed again with PBS, and
stained with crystal violet for 20 minutes. The whole
process was performed at room temperature. Finally, after
washing with PBS, the well plates were air-dried and
analyzed for colony formation.

Westerns blot analysis

After treatment, the cells were lysed with RIPA lysis
buffer containing 1% PMSF at the indicated time, and
total cell protein was extracted. The lysates were then
separated via sodium dodecyl sulfate-polyacrylamide
gel electrophoresis gels (SDS-PAGE) at the appropriate
concentration and transferred to poly vinylidene fluoride
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(PDVF) membranes. After blocking with 5% (m/v)
skim milk in TBST (tris-buffered saline containing
0.1% Tween-20) for 1-2 hours at room temperature,
the membranes were flushed with TBST and
subsequently incubated with primary antibodies at 4°C
overnight. The next day, the utilized membranes in the
previous step were incubated with the corresponding
peroxidase-labeled secondary antibodies for 1-2
hour(s). Immunoreactivity was performed using
enhanced chemiluminescence (ECL) reagents
(FD800; Fdbio Science, China) and visualized on Bio-
rad Chemi Doc XRS (USA). The primary antibodies
used are as follows: Rabbit Cleaved PARP (#5625T),
rabbit anti-H3 (#4499) and anti-H3K9me2 (#4658)
was provided from Cell Signaling Technology (USA).
Mouse anti-GAPDH (AGO019) antibody was obtained
from Beyotime Biotechnology (Shanghai, China) and
Mouse anti-G9a (66689-1-1g) antibody was purchased
from proteintech. GAPDH was used as the internal
control.

RNA-sequencing analysis

Total RNA was extracted by TRIZOL Reagent
(15596026, Ambion, USA) and RNA sequencing was
performed by KAITAI-BIO (Hangzhou, China). Briefly,
HuH?7 cells were divided into two groups: normal control
group (NC) and BIX-01294-treated group (BIX). After 24
hours of treatment, the cells were harvested and subjected
to RNA sequencing. Quality control qualified RNA
samples were applied to construct RNA-seq libraries
through Illumina TruSeq RNA Sample Preparation Kit
(RS-122-2001; Illumina, USA), sequenced and mapped
to human genome assembly, version hg19 (GRCh37.75),
followed by grabbing reads with <5% mismatches to
further analysis, as previously described (27). We used
FPKM to measure gene transcripts, followed by counting
and annotating differentially expressed genes, which were
identified by DEGSeq, for their detailed descriptions, as
previously discussed (28, 29).

Statistical analysis

Each experiment was performed at least three times.
All data were expressed as mean = SD. Differences
were determined by the parametric unpaired Student’s
t test between two groups via GraphPad Prism software
(GraphPad Software, USA) and statistically significant
difference was defined as P<0.05.

Results

Inhibition of G9a promotes sensitivity to cisplatin in
HCC cells

In order to prove association between G9a and
HCC, we started to analyze public tumor databases.
The analysis results of the two tumor databases
of UALCAN and GEPIA2 showed that with the
continuous progress of HCC, expression level of G9a
was gradually increased, and high expression of G9a
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was correlated with poor survival, which echoed previous
conclusions (Fig.S1, See Supplementary Online Information
at www.celljournal.org) (20, 21, 30). Subsequently, we
treated HuH7 and SNU387 liver cancer cells with BIX-
01294, as an inhibitor of G9a, combined with different
concentrations of cisplatin, to verify effect of G9a on
cisplatin resistance in HCC. Cell viability results showed that
inhibition of G9a increased sensitivity of liver cancer cells
to cisplatin (Fig.1A, B). The results of Western blot analysis
utilized to confirm inhibition of G9a showed that treatment
of HuH7 and SNU387 cells with BIX-01294 effectively
reduced H3K9me?2 level without affecting G9a (Fig.S2, See
Supplementary Online Information at www.celljournal.org).
Cell proliferation assessed by colony formation assay showed
similar results. So that cisplatin exerted a stronger inhibitory
effect on cell proliferation in those BIX-01294-treated cells
(Fig.1C, D). Next, we examined apoptotic response of HCC
cells to cisplatin with/without BIX-01294 treatment. The
results showed that cisplatin significantly promoted cell
apoptosis with BIX-01294 treatment (Fig. 1E, F). In general,
the above results reminded us that G9a may be involved in
the cisplatin resistance process of HCC, and inhibition of
(G9a antagonizes the cisplatin resistance of HCC cells.

Analysis of the global mRNA expression profiles after
inhibiting G9a to promote HCC cisplatin sensitivity

Then, we performed an analysis of the global mRNA
expression profile to comprehensively understand
potential molecular mechanism of G9a in promoting
HCC cisplatin resistance. Briefly, HuH7 cells were
divided into two groups: normal control group (NC)
and BIX-01294-treated group (BIX). At 24 hours post-
treatment, the cells were collected and subjected to
RNA sequencing.

Initially, heat maps were utilized to visually portray the
global expression changes and clustering relationships
of multiple genes between the two groups (NC and BIX)
through hierarchical clustering analysis (Fig.2A). Upon
succeeding, the volcano plot was adopted to visualize the
integral gene expression alterations. The results revealed
that there were a total of 426 gene expression alterations in
the BIX group, involving 339 up-regulated and 87 down-
regulated genes, compared to the NC group (Fig.2B).
Due to the cascade amplification effect of intracellular
signals, pathway enrichment analysis frequently fails to
capture slightly changed signal molecules, which can
be well addressed by Gene Set Enrichment Analysis
(GSEA). Consequently, we discovered that processes
such as DNA replication, cell cycle, mismatch repair,
nucleotide excision repair and base excision repair were
inhibited in the BIX group by GSEA analysis (Fig.2C-G).
The above results inferred that inhibition of proliferation
of G9a-deficient cells by cisplatin may be succeeded
by preventing cell cycle progression and promotion of
apoptosis may be performed by arresting the DNA repair
signaling pathway.
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DUB:s stabilizes G9a through deubiquitinase activity

Since overexpression of G9a is involved in the cisplatin
resistance of HCC, what is the potential mechanism of
overexpression of G9a in HCC? DUBs, which can stabilize
protein expression, were suggested as a possible mechanism.

To verify our hypothesis, we treated HuH7 cells with PR-
619 (broad-spectrum deubiquitinase inhibitor) and Degrasyn
(selective deubiquitinase inhibitor, HY-13264; MCE),
followed by observing expression of G9a (Fig.S3A, B, See
Supplementary Online Information at www.celljournal.
org). As expected, inhibition of DUBs with PR-619, but
not Degrasyn, could significantly inhibit expression of G9a
indicating that DUBs positively regulate stability of G9a
(Fig.S3C, See Supplementary Online Information at www.
celljournal.org). This finding was further corroborated by
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treating two liver cancer cell lines with PR-619 at different
concentration gradients and time gradients: PR-619 reduced
protein abundance of G9a in a dose-dependent and time-
dependent manner (Fig.3A, B). Next, we treated the cells
with cycloheximide (CHX, HY-12320, MCE, China), a
universal inhibitor of protein synthesis, with or without PR-
619. The half-life results showed that protein level of G9a
was declined faster in DUBs-deficient cells (Fig.3C, D). To
further validate whether the ubiquitin-proteasome pathway
is involved in the process of DUBs regulating stability of
G9a, we treated DUBs-deficient cells with the proteasome
inhibitor, MG132 (HY-13259; MCE). Results showed that
we successfully restored the G9a protein abundance which
was previously reduced by DUBs defects (Fig.3E, F). In
short, these results indicated that DUBs stabilized G9a
through deubiquitination enzyme activity.
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Fig.3: DUBs stabilizes G9a through deubiquitinase activity. A. HuH7 cells were treated with PR-619 and the cells were harvested for western blot analysis
at the indicated concentration and time. B. SNU387 cells were treated with PR-619 and the cells were harvested for western blot analysis at the indicated
concentration and time. C. HuH7 cells pretreated with or without PR-619 were incubated with or without CHX (50 pg/ml) and harvested for western
blotting within the indicated time. D. SNU387 cells pretreated with or without PR-619 were incubated with or without CHX (50 pg/ml) and harvested for
western blotting within the indicated time. E. HuH7 cells pretreated with or without PR-619 were incubated with or without MG132 (25 uM) for 5 hours,
followed by western blotting with the indicated antibodies. F. SNU387 cells pretreated with or without PR-619 were incubated with or without MG132
(25 uM) for 5 hours, followed by western blotting with the indicated antibodies. h; Hour.
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DUBs deletion impairs the cisplatin resistance of HCC
cells

Next, we attempted to further confirm influence of
DUBs on HCC cisplatin resistance. Upon treating DUBs-
deficient cells with cisplatin, cell viability was declined
more significantly, compared to the normal cells under
the same conditions (Fig.4A, B). We next experimented
with the apoptotic response of HCC cells to cisplatin. The
results showed that cisplatin could significantly promote
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HCC cells apoptosis when DUBs were inhibited by PR-
619 (Fig.4C, D). Similar results were obtained in the WB
analysis; by that means, cisplatin could significantly boost
expression of cleaved PARP in DUBs-deficient cells,
which serves as a marker of cells undergoing apoptosis.
It is worth noting that after treating DUBs-deficient cells
with cisplatin, we further reduced protein abundance of
G9a which were previously declined by DUBs depletion
(Fig.4E, F). Taken together, high expression of DUBs may
promote cisplatin resistance in HCC by stabilizing G9a.
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Fig.4: DUBs deletion impairs cisplatin resistance of HCC cells. A. HuH7 cells were treated with cisplatin (0, 1, 2, 4, 6, 8 ug/ml) with or without PR-619 and cell viability
was measured at 24 hours post-treatment with the CCK-8 kit. B. SNU387 cells were treated with cisplatin (0, 2, 4, 6, 8, 10 pug/ml) with or without PR-619 and cell
viability was measured at 24 hours post-treatment with the CCK-8 kit. C. Flow cytometry was performed to assess rate of apoptosis in HuH7 cells with DDP (4 ug/
ml), PR-619 (6 uM) or the combination of DDP and BIX-01294 for 48 hours. Error bars represent SD (n = 3). *; P<0.05. Specifically, the P values from left to right
are 2.03x10°%, 3.09x10%%, and 3.77x10%2. D. Flow cytometry was performed to assess rate of apoptosis in SNU387 cells with DDP (10 pg/ml), PR-619 (12 pM)
or combination of DDP and BIX-01294 for 48 hours. Error bars represent SD (n=3). *; P<0.05. Specifically, the P values from left to right are 3.99x10°%, 2.05x10%3,
and 7.48x10%%, E. Western blot analysis of Cleaved-PARP and G9a in HuH7 cells with treatment of DDP (4 ug/ml), PR-619 (6 uM) or combination of DDP and BIX-
01294 for 48 hours. F. Western blot analysis of Cleaved-PARP and G9a in SNU387 cells with treatment of DDP (10 pug/ml), PR-619 (12 uM) or combination of DDP

and BIX-01294 for 48 hours. HCC; Hepatocellular carcinoma and DDP; Cisplatin.
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Discussion

Here, we showed that inhibition of G9a can promote
sensitivity of HCC cells to cisplatin. Additionally, global
mRNA expression profile analysis revealed that DNA
repair and cell cycle progression were down-regulated
in G9a-inhibited cells. Moreover, targeting DUBs with
PR-619 could suppress expression of G9a and could
significantly impair the resistance of HCC cells to
cisplatin.

In the past few decades, despite many advances
in diagnosis and treatment of HCC, prognosis of
HCC patients is still poor, due to the lack of proper
intervention targets which is also a pivotal challenge for
treatment of HCC. Given the prevailing function of G9a
overexpression in a variety of cancers, including HCC,
identifying its upstream regulatory signals has emerged
as an attractive strategy for treatment of HCC. Previous
studies have found that G9a could enhance proliferation
and migration of HCC cells, though paying little attention
to the effects of G9a on HCC cisplatin resistance (20,
31, 32). In this study, we noticed that inhibition of G9a
with BIX-01294 could attenuate cisplatin resistance
of HCC cells. Simply put, cisplatin could significantly
inhibit proliferation of G9a-deficient cells while further
promoting their apoptosis, compared to the normal HCC
cells. To investigate potential molecular mechanism of
G9a inhibition to promote HCC cisplatin sensitivity, we
conducted a series of evaluations through RNA-Seq. We
identified 339 up-regulated and 87 down-regulated genes
after inhibiting G9a with BIX-01294. In particular, we
discerned that cell cycle and DNA repair processes of the
BIX group was down-regulated, indicating that inhibition
of G9a with BIX-01294 may enhance sensitivity of HCC
cells to cisplatin by arresting cell cycle and DNA repair
signaling pathways.

The ubiquitin-proteasome system (UPS) exerts a
profound impact on initiation and progression of HCC.
UPS regulates abundance and activity of proteins
by adjusting the balance between ubiquitination and
deubiquitination. As the reverse process of ubiquitination,
deubiquitination process is mediated by DUBs; a hot
research topic in recent years has been proven to provide
a reliable alternative target for addressing the non-
targetability properties of their substrates (33). DUBs
positively regulate expression level of target proteins by
erasing ubiquitin chain on them, which may be one of
the explanations for overexpression of G9a in HCC. Our
experimental results indeed confirmed this. Specifically,
upon treating HuH7 with PR-619, as a broad-spectrum
deubiquitinase inhibitor, we reduced protein level of G9a
in concentration-dependent and time-dependent manners.
Subsequent half-life tests showed that G9a protein levels
was declined faster in DUBs-deficient cells. After treating
DUB-deficient cells with proteasome inhibitor MG132,
we restored G9a protein abundance that was previously
consumed by DUBs inhibition. Similar results were
also observed in another liver cancer cell line SNU387.
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The above results suggested that DUBs participated in
overexpression of G9a in HCC via deubiquitination.

Previous studies have well proved that the imbalance
between ubiquitination and deubiquitination, caused by
the dysfunction of DUBs, played an essential role in a
variety of cancers, including HCC. For instance, USP10
depletion was reported to inhibit proliferation of HCC by
impairing the YAP/TAZ pathway (34). USP1 can drive
growth and metastasis of HCC cells by stabilizing RPS16
(35). Moreover, inhibition of USP9X with WP1130
increased sensitivity of HCC cells to doxorubicin through
destabilization of p53 (36). A recent study has also
characterized that USP29-mediated HIF1a stabilization
promoted sorafenib resistance in HCC cells, partly
through up-regulation of glycolysis (37). Although so
many struggles have been made to explore the effect of
DUBs on HCC, their role in cisplatin resistance of HCC
remains indistinct. Here in this study, we appraised the
impact of global-level DUBs deficiency on cisplatin
resistance in HCC cells. Similarly, colony formation
assay and apoptosis analysis both convinced that PR-619
combined treatment sensitized HCC cells to cisplatin. We
also discerned that after treating DUBs-deficient cells with
cisplatin, protein abundance of G9a was reduced most
significantly, hinting that DUBs depletion may increase
cisplatin sensitivity in HCC cells, through degradation of
GYa.

Conclusion

In summary, our study discovered that high expression
of G9a is associated with the cisplatin resistance of
HCC. Furthermore, the inhibition of DUBs with the
broad-spectrum deubiquitination enzyme inhibitor PR-
619 promoted sensitivity of HCC cells to cisplatin via
destabilization of G9a. Therefore, targeting DUBS, instead
of GYa, is a potential alternative strategy for treatment of
HCC.
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Abstract
Objective: Increasing research has been focused on the development of various nanocomplexes as targeted contrast
media in diagnostic modalities, mainly in computed tomography (CT) scan imaging. Herein, we report a new method
that uses Triptorelin [a luteinizing hormone-releasing hormone (LHRH) agonist]-targeted gold nanoparticles (AuNPs)
via alginate for early detection of cancer by molecular CT imaging.

Materials and Methods: In the experimental study, the formed multifunctional AUNPs coated with alginate conjugated
with Triptorelin peptide (Triptorelin-Alginate-AuNPs) were synthesized and characterized via different techniques,
including transmission electron microscopy (TEM), dynamic light scattering (DLS), and fourier transform infrared (FTIR)
spectroscopy. The MTT assay was applied to calculate the toxicity of the NPs.

Results: The results indicated that the formed Triptorelin-Alginate-AuNPs with an Au core size of ~18 nm are
noncytotoxic at 127-, 254-, 381- and 508-mM concentrations and revealed significant improvement in the attenuation
of X-rays intensity and contrast to noise ratio (CNR), compared with non-targeted cells at the highest energies (90, 120,
140 kVp). At 90 kVp, compared to non-targeted cells, targeted cells (Triptorelin-Alginate-AuNPs) enable 1.58, 1.69, 3.7
and 3.43 times greater contrast at a concentration of 127 mM, 254 mM, 381 mM, and 508 mM, respectively.

Conclusion: These results suggest that the developed Triptorelin-Alginate-AuNPs may be considered an effective
contrast agent for molecular CT imaging of gonadotropin-releasing hormone (GnRH) receptor-expressing cancer cells.
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Introduction

Computed tomography (CT) imaging has many
advantages due to its availability, good anatomical
display, deep tissue penetration, efficiency, as well as
better density and spatial resolution compared to other
imaging modalities. It has been considered one of the
most effective medical imaging tools for diagnosis of
disease during recent years (1).

To enhance contrast resolution in CT scan imaging,
iodine-based small molecular compounds are most
commonly applied as contrast media because of their
higher attenuation of X-rays compared to normal cells
(2). However, these molecules are not specific to the
targeted tissue and are distributed non-specifically in the
body, which can lead to toxicity in some organs such as

the kidneys. Additionally, these molecules have a short
blood circulation time and rapid clearance from the body
(3). Therefore, to overcome these disadvantages, it is
crucial to target the tissue (tumor) using contrast materials
that have a higher atomic number than iodine for better
contrast, less toxicity, high biocompatibility, and most
importantly, longer blood circulation time in order to
provide an adequate opportunity for imaging and accurate
diagnosis in the desired texture.

The research for producing optimal contrast materials
in CT and eliminating the disadvantages of the existing
contrast materials is essential (4). The recent advances in
nanotechnology and the role of nanoparticles in diagnostic
modalities reveal that nanoparticles (NPs) could be applied
as a signal factor in molecular CT imaging probes (5).
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Especially, gold nanoparticles (AuNPs) have received
considerable notice as a contrast agent in CT scans due
to their characteristics such as high atomic number,
small size, ease of synthesis and surface modification,
high biocompatibility and long blood circulation time
(6). The electron density and the atomic number of
AuNPs (19.32 g/cm?® and 79, respectively) is greater
than the currently used iodine nanoparticles (4.9 g/cm?
and 53, respectively). Therefore, AuNPs can cause a
significant improvement in the attenuation of X-rays
causing them to be a suitable material for CT contrast
agents (1, 7).

To improve imaging properties and contrast-
enhancement in CT imaging of tumors, it is necessary
to change AuNPs with targeting molecules (8). In the
targeted imaging method, the aim is to accumulate
targeted contrast only in a particular site because of
the binding of ligands to specific receptors, thereby
increasing contrast (9, 10). One of the most important
causes of human mortality worldwide is cancer,
with breast cancer accounting for 25.4% of the most
common cancers and the leading cause of death among
females worldwide (11).

Today, in receptor-dependent cancers, tumor-targeting
methods have been considered due to their high
specificity to the target. Some breast cancers occur as a
direct result of high hormone receptors on the surface of
breast cells. Approximately 70% of hormone-dependent
cancers express peptide receptors gonadotropin-releasing
hormone (GnRH). GnRH receptors (GnRH-R) are
expressed in cancer tissues, including those of the breast
(12-14). About 30% of breast cancers are sex hormone-
dependent, and estrogen receptors are the most common
type of hormone receptor in breast cells. Human breast
cancer cells, including the MCF-7 cell line, can be highly
specific as estrogen receptors at the cytoplasm level (15,
16). As a result, the peptide may help diagnose estrogen-
dependent breast cancer cells in humans (MCF-7). So far
in nanotechnology, many ligands have been suggested as
targeting agents.

One promising targeting method is with the peptide
Triptorelin. The Triptorelin peptide is a 10-amino acid
peptide with a protein structure and is an analogue of
the hormone GnRH, which is highly specific in cancers
with overexpression of the GnRH receptor. Therefore,
due to the great desire of human breast cancer cells to
absorb Triptorelin, this valuable molecule can be used
to target these cells (16, 17). Triptorelin is a decapeptide
with the sequence pGlu-His-Trp-Ser-Tyr-D-Trp-Leu-
Arg-Pro-Gly-NH2, a molecular weight of 1311.4 g/
mol, and is also a GnRH receptor agonist (18). Studies
have revealed that Triptorelin can create an effective
targeting agent due to its high specificity in cancers
with overexpression of the GnRH receptor and its
possible conjugation with AuNPs. Gold nanoparticles
are toxic, and the alginate coating on the surface of
gold nanoparticles is used to create biocompatibility
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and hydrophilicity properties and reduce the toxicity
of gold on cells (19).

The mechanisms of delivering contrast agents to
cancer cells and having an early diagnosis with high
sensitivity and good contrast for diagnosis remains a big
challenge. Previous research has indicated that targeted
imaging can be achieved by linking the ligands onto
the surface of the AuNPs (6, 20). The nanostructure’s
cytocompatibility was assessed using the MTT assay.
The feasibility of applying the Triptorelin-Alginate-
AuNPs nanostructure as an effective media for
imaging of MCF7 cells was investigated at various
tube potentials and concentrations.

Materials and Methods

Tetrachloroauric acid (I1I) trihydrate (HAuCl,-3H,0),
N-(3-dimethylaminopropyl)-N-ethylcarbodiimide
hydrochloride (EDC), N-hydroxysuccinimide (NHS),
and Sodium alginate were purchased from Sigma-
Aldrich, and synthesized as summarized in the next
section. In this experimental study, human breast
cancer cell lines (MCF-7) were obtained from the
Pasteur Institute of Iran.

Synthesis of alginate-coated gold nanoparticles
(AuNPs-Alginate)

First, AuNPs were produced and coated by alginate
in aqueous phase under thermal conditions. Auric salt
aqueous solution with a concentration of 1 mg was
prepared and slowly added to the aqueous alginate
solution with a concentration of 0.41 mg/mL to obtain
a final concentration of 102 mg of auric salt. After
proper mixing, the solution was gradually heated in
an aqueous medium, and the production of AuNPs was
apparent by change in the color of the solution from
yellow to reddish pink. After that, the AuNPs solution
was allowed to cool down to room temperature and
diluted with an equal volume of ethanol, then the
solution was centrifuged and dispersed in deionized
water. It was then dialyzed against deionized water
for 1 day (using MWCO 3500 dialysis membrane) and
stored in a refrigerator (21).

Surface modification of AuNPs with Triptorelin
conjugate

Surface modification and conjugation of Triptorelin at
the surface of the AuNPs was performed in two steps. In
the first step, 1 ml of the solution of the prepared AuNPs
was placed on a magnetic stirrer to reach pH=6.5, then 0.15
mg N-(3-dimethylaminopropyl)-N-ethylcarbodiimide
hydrochloride (EDC) (8.51007. Sigma-Aldrich, USA)
and 0.09 mg N-Hydroxysuccinimide (NHS) (130672.
Sigma-Aldrich, USA) were added, and after 15 minutes,
0.5 mg of the peptide was added. In the second step,
the complex was stirred for 1 hour at room temperature
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to achieve the targeted nanocomplex. At the end, the
prepared Triptorelin-Alginate-AuNPs were dialyzed in
the refrigerator for 24 hours.

Characterization techniques

The morphology and size of the NPs were analyzed
by a LEO 912 AB transmission electron microscope
(TEM). In addition, dynamic laser light scattering
(DLS) was applied to investigate size distribution and
the adequate hydrodynamic size of the NPs by a Vasco
3 (Cordouan Instruments Limited, France). Inductively
coupled plasma optical emission spectrometry (ICP-
OES) was used to measure the concentrations of AuNPs,
and the surface charge was measured using a ZEN 3600
nanosizer (Malvern, UK). The Fourier transform infrared
(FTIR) spectra of targeted and non-targeted AuNPs were
recorded by using a Thermo Nicolet AVATAR 370 FT-IR
(USA) instrument equipped with pressed KB pellets in
the wavenumber range of 500 to 4000 cm™ to confirm the
binding of Triptorelin peptide on the surface of AuNPs
nanoparticles.

In vitro experiments
Cell culture

Human breast cancer cell lines (MCF-7) were
supplied by the Pasteur Institute of Iran (Tehran,
Iran). These cell lines were cultured in RPMI-1640
medium supplemented with 10% fetal bovine serum
(FBS, 16000044. GIBCO, USA) and 1% penicillin-
streptomycin solution. Sub-culturing of the MCF-7
cell line was done by separating the adherent cells by
0.025 % trypsin-EDTA. In order to wash the flask and
remove the residues and floated dead cells, plates and
flasks were washed with phosphate buffered saline
(PBS, Gibco, USA). The cells were cultured as a
monolayer at a density of 10* cells/cm? in T-25 tissue
culture flasks and were incubated in a humidified
atmosphere containing 5% CO, and 95% air at 37°C.

Cytotoxicity assay

The cytotoxicity of AuNPs and Triptorelin-Alginate-
AuNPs was determined using an MTT assay (22). This
method is based on reducing the ratio of tetrazolium
yellow salt crystals by the enzyme succinate
dehydrogenase and the formation of insoluble formazan
blue crystals, which shows the cytotoxicity level of
the material. At a density of 1x10% MCF-7 cells per
well were seeded in a 96-well plate and incubated at
37°C in a 5% CO,-saturated humidified atmosphere.
The various concentrations of targeted and non-
targeted NPs (127, 254, 381 and 508 mM) were added
to each well for 24 hours. After 24-hours incubation,
the cell culture medium was removed, and the cells
were washed three times with PBS buffer. Then, 20 pl
of MTT reagent and 200 pl of DMEM culture medium
without FBS were added to each well, and the plates
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were maintained in the dark and incubated for 4 hours
at 37°C. Then, the MTT solution inside the plates was
removed and replaced with 200 ml dimethyl sulfoxide
(DMSO, D2650, Sigma Aldrich, USA). At the end,
the plates were immediately read on a microplate
reader (Stat Fax 2100, USA), and the absorbance was
measured at 570 and 630 nm wavelength for each
well. This was repeated three times to confirm the test
results. Thereby, the Cell viability (%) percentage was
calculated using the following formula (Eq.1) (23).

Eq.1

Cell viability (%) = (OD
/(OD

om OF sample - OD of control sample)
of control - OD of control sample)*100%

570 nm

In vitro computed tomography imaging of cancer cells

MCEF-7 cells were seeded at a density of 10* cells per
well in a 6-well plate and were incubated in a humidified
atmosphere containing 5% CO, and 95% air at 37°C for
24 hours. The different concentrations of AuNPs and
Triptorelin-Alginate-AuNPs (127, 254, 381 and 508 mM)
were maintained and added to each well and incubated
for 24 hours. After 24-hours of incubation, to remove
unloaded nanoparticles, the cells were washed three
times with PBS. Then the cancer cells were trypsinized,
centrifuged and suspended with 100 mL PBS and placed
in 0.5-ml tubes. Next, the tubes including cancer cell
suspensions were put in a phantom made of Plexiglas.
After that, the phantom was scanned by a CT (SUPRIA,
Hitachi Medical Solutions) with the following parameters:
Peak kilovoltage of 90, 120, and 140 kVp; tube current-
time of 250 mAs; and slice thickness of 0.625 mm. The
images obtained from tubes were analyzed by RadiAnt
DICOM Viewer 2020.2.2 (64-bit).

Contrast-to-noise ratio

Contrast-to-noise ratio (CNR) was calculated from the
recorded hounsfield unit (HU) by plotting the region of
interest (ROI) analysis across the selected images. The CNR
was calculated using the following formula (Eq. 2) (24):

Eq.2
CNR=(x-X,,) / Oy,

The X, and X, are the signal intensity measured
in two different structures of interest in the same CT
images. Meanwhile, the o, is the standard deviation of
the background noise of the image. The contrast to noise
ratio (CNR) was also calculated using quantitative image

analysis (Fig.1).

Statistical analysis

Statistical analysis was done by the SPSS software
(version 11, IBM, USA). One-way analysis of variance
and Tukey’s Supplementary Test statistical method were
used to evaluate the significance of the experimental
data. A value of P<0.05 was considered as statistically
significant.



Nanoparticles Synthesis Cell Culture

Surface modification of AuNPs 2 f
with Triptorelin conjugate MCE-T GellLinp

Danesh-Doust et al.

CT Imaging

kVp: 90, 120 and 140
mAs: 250
Slice thickness: 0.625 mm

Phanton

® 00 ® ®eo0®
Characterization Cytotoxicity Assay Statistical Analysis
4
: Density of 10 cells per well ; ;
TEM, DLS, FTIR, Zeta potential ° RadiAnt DICOM Viewer
and Nanostructures Size Concentrations: 25, 50, 75 and 100 pg/ml SPSS Software

Incubation Time: 24 h

Fig.1: Workflow diagram of the present study. CT; Computed tomography, TEM; Transmission electron microscope, DLS; Dynamic light scattering, and FTIR;

Fourier transform infrared.

Results

Synthesis and characterization Triptorelin-Alginate-
AuNPs and AuNPs-Alginate

Targeted and non-targeted suspensions were
synthesized by the previously delineated protocols.
TEM was used to evaluate the morphological
characteristics of Triptorelin-Alginate-AuNPs
nanostructure. Figure 2A represents a typical TEM
micrograph of the synthesized Triptorelin-Alginate-
AuNPs, and the findings suggest that the synthesis
methods were successful in preparation of a wide
range of particle sizes, the NPs are well dispersed and
appear to be round in shape with a size distribution
of 18 nm (Fig.2B). The hydrodynamic size and size
distribution of the NPs, as well as the zeta potential of
the NPs, were measured by the zeta potential analyzer
and DLS test, respectively. From Figure 2C and D, it
was determined that the hydrodynamic size of targeted
and non-targeted nanoparticles is 29.5 and 23.45 nm,
respectively. The FT-IR spectrum of functionalized
Triptorelin to AuNPs and their forming ingredients
is shown in Figure 2E. Moreover, the zeta potential
of the AuNPs was -13.20 mV, and -31.56 mV for the

129

synthesized Triptorelin-Alginate-AuNPs, as shown in
Figure 2F.

Fourier transform infrared analysis

To confirm the conjugation of Triptorelin on the surface
of AuNPs, FT-IR spectroscopy was performed. The FT-
IR spectrum of functionalized Triptorelin to AuNPs
and their forming ingredients is shown in Figure 2E. In
order to thoroughly characterize the chemical structure
of drug conjugated AuNPs, FTIR spectra of the AuNPs
were recorded after each stage of modification. Figure 2E
represents the spectra of the AuNPs-Alginate and AuNPs-
Alginate-peptide, respectively. The band at 1610 cm™ and
1413 cm™! corresponds to the asymmetric and symmetric
stretching vibration of carboxylate in AuNPs-Alginate
and at 1663 cm! relates to stretching vibrations of amide
in Triptorelin-Alginate-AuNPs. In the FTIR spectrum of
Triptorelin-Alginate-AuNPs, the binding of the peptide
to the nanoparticle surface corresponds to amide linkage,
which appeared in the new peak at 1663 cm’, which
indicates the displacement of the carboxylate alginate peak
from 1610 cm™. While the small peak at 1028 cm™ is due
to the C—O bond stretching vibration in the conjugate,
the peak at 1032 cm™ is attributed to the stretching

Cell J, Vol 25, No 2, February 2023
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vibration of C-O functionality in AuNPs-Alginate.
The bands between 3393 and 3422 cm™! are assigned
to the O—-H stretching vibration bands of Triptorelin-
Alginate-AuNPs and AuNPs-Alginate, respectively.
On the other hand, the presence of a peak at 702 cm™!
indicates a bond between aromatic derivatives, which
is related to the aromatic ring of the composition of the
Triptorelin-Alginate-AuNPs.

Count
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NPs at concentrations of 127, 254, 381 and 508 mM.
According to this figure, the nanoparticles did not show
cytotoxicity at any of the expressed concentrations.
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Fig.2: Characterization of targeted and non-targeted gold nanoparticles.
A. TEM image (inset is the high-resolution TEM image), B. Size distribution
histogram of TEM image, C, D. DLS profile of the prepared nanocomplex,
E. FTIR spectra of Triptorelin-Alginate-AuNPs and AuNPs-Alginate, and F.
Zeta potentials of various nanoparticles synthesized in this study. TEM;
Transmission electron microscope, DLS; Dynamic light scattering, and
FTIR; Fourier transform infrared.

Cytocompatibility assay
MTT assay

The cytocompatibility of various concentrations of
NPs on the MCF-7 cell line were quantified by the
MTT colorimetric assay to reveal the viability of
cells. According to the studies, the cell toxicity of
gold nanoparticles is always concentration dependent.
Figure 3 shows the percentages of viable cells after
24 hours incubation with targeted and non-targeted
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Au concentration (ug/ml)

Fig.3: The viability of MCF-7 cells after 24-hours incubation with AuNPs
and Triptorelin-Alginate-AuNPs at different concentrations.

The Viability of MCF-7 cells incubated with AuNPs and
Triptorelin-Alginate-AuNPs at 508 mM concentration
were 102% and 127%, respectively, showing a suitable
cytocompatibility range.

Targeted computed tomography scanning of cells

To evaluate the efficacy of the Triptorelin as a targeting
molecule of AuNPs on an X-ray attenuation intensity,
MCF-7 cells were treated with AuNPs and Triptorelin-
Alginate-AuNPs with various concentrations (127, 254,
381 and 508 mM) and were scanned by a CT. The samples
showed that the image of the cells which were not treated
with NPs as a control were not obtainable, even at the
highest kVp and concentration. However, the presence of
NPs enhances the CNR ratio of the cancer cells in the
images, and the cancer cells that absorbed the NPs became
evident as bright spots at the end of the tubes. At the same
time, increasing the concentration of AuNPs, leads to an
increase in the contrast of images (1, 9). In order to better
compare CT images in terms of contrast difference, a
quantitative analysis was done. The quantitative analysis
of the HU values illustrated that the efficiency of the
AuNPs leads to CT contrast-enhancement. Consequently,
the HU values of MCF-7 cells incubated with metal
(with or without Triptorelin Peptide) were significantly
increased in contrast to the cancer cells that were not
treated with NPs. The results indicated that increasing the
concentration of AuNPs leads to more excellent X-ray
attenuation, which can be translated as better contrast



in clinical imaging by increasing the concentration of
nanoparticles at the region of interest (6, 25).

Importantly, in the range of the expressed concentrations,
the cells treated with Triptorelin-Alginate-AuNPs showed
a significant increase in CT contrast compared to cells
treated with non-target AuNPs. At the highest energies
typically available in CT (90, 120, 140 kVp), experimental
findings indicate significant improvement in the HU
(contrast enhancement) of targeted cells (Triptorelin-
Alginate-AuNPs) compared with non-targeted cells at
a 127-, 254-, 381- and 508-mM concentration range.
The findings of quantitative analysis of CT values (HU)
at concentrations of 127, 254, 381 and 508 mM and
different tube current-time products (90, 120, 140, and
250 mAs) are presented in Figure 4. At 90 kVp, targeted
cells (Triptorelin-Alginate-AuNPs) at a concentration of
127 mM enable 1.58-times, at 254 mM enable 1.69-times,
at 381 mM enable 3.7-times and at 508 mM enable
3.43-times higher contrast per unit mass in contrast with
non-targeted cells. At 120 kVp, targeted cells (Triptorelin-
Alginate-AuNPs) at a concentration of 127 mM enable
1.7-times, at 254 mM enable 1.66-times, at 381 mM
enable 3.8-times and at 508 mM enable 3.7-times higher
contrast per unit mass compared with non-targeted cells.
At 140 kVp, targeted cells (Triptorelin-Alginate-AuNPs)
at a concentration of 127 mM enable 1.55-times, at 254
mM enable 1.57-times, at 381 mM enable 4.1-times and
at 508 mM enable 3.7-times higher contrast per unit mass
in contrast with non-targeted cells.

Investigation of contrast-to-noise ratio

In order to investigate the increase in the CNR of cells
in the presence of targeted and non-targeted nanoparticles,
using equation (2), we selected cells without the presence
of nanoparticles as the background, and the amount of CNR
obtained according to the amount of attenuation and noise
of cell images were measured at different tube potentials.
The results are presented in Figure 6. At a concentration of
127 mM, targeted cells (Triptorelin-Alginate-AuNPs) at 90
kVp enable 1.64-times, at 120 kVp enable 1.63-times and
at 140 kVp enable 1.65-times greater CNR value compared
with non-targeted cells. At a concentration of 254 mM,
targeted cells (Triptorelin-Alginate-AuNPs) at 90 kVp enable
1.64-times, at 120 kVp enable 1.73-times and at 140 kVp
enable 1.76-times greater CNR value compared with non-
targeted cells. At a concentration of 381 mM, targeted cells
(Triptorelin-Alginate-AuNPs) at 90 kVp enable 4.4-times, at
120 kVp enable 4.06-times and at 140 kVp enable 3.9-times
greater CNR value compared with non-targeted cells. At
a concentration of 508 mM, targeted cells (Triptorelin-
Alginate-AuNPs) at 90 kVp enable 3.9-times, at 120 kVp
enable 3.89-times and at 140 kVp enable 3.56-times greater
CNR value compared with non-targeted cells. The results
show that the targeted nanoparticles (Triptorelin-Alginate-
AuNPs) obtained higher CNR at the same tube potentials and
concentrations than the non-targeted nanoparticles (AuNPs).
Our results showed that the CNR was enhanced for all groups
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by increasing the concentration and kVp.

Axial CT images of different samples are displayed in
Figure 5.
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Fig.4: Computed tomography (CT) images and X-ray attenuations intensity
of targeted AuNPs and AuNPs at different tube potentials. The contrast

per unit of MCF-7 cells with AuNPs and Triptorelin-Alginate-AuNPs at
different tube potentials at: A. 90 kVp, B. 120 kVp and C. 140 kVp.
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Discussion

Recently, several new nanotechnology-based methods
using various nanoparticles with specific properties, for
cancer diagnosis have been under investigation. Among this,
gold nanoparticle (AuNPs), have gained significant interest in
developing unique X-ray contrast agents with high potential
in cancer diagnosis due to their high atomic number, strong
X-ray attenuation, and facile chemical synthesis.

Increasing attention has been focused on the development
of various nanostructures as contrast enhancement agents in
targeted diagnostic medical imaging, especially in CT. The
new generation of molecularly targeted CT contrast agents
has changed the concept of CT from anatomical-based
diagnosis to diagnosis based on molecular markers (20).

Targeting can be reached by the conjugation of NPs to a
different ligand, such as peptides, antibodies, and vitamins
that have highly unique cancer- cell detection capability.
Hainfeld et al. (26), indicated that targeted AuNPs with anti-
Her2 antibodies could increase the visibility of tumors (1.6-
fold) rather than non- targeting antibodies. In addition, several
studies indicated that targeted AuNPs with folic acid could
enhance CT images approximately 2 times more greater than
non-targeted cells at the highest concentration examined
(4, 27). In another study, Chanda et al. (28) indicated that
the AuNPs targeted with bombesin enhanced CT images of
prostate and breast cancer cells selectively.

In this study, we have synthesized Triptorelin conjugated
Alginate coated AuNPs and investigated their application to
be applied as the targeted contrast media in the scanning of
MCEF-7 cells. The modification of AuNPs with Triptorelin
targeting can increase the diagnostic usage of AuNPs in
the clinic. This is done by using specific GnRH receptor
molecules with Triptorelin conjugated AuNPs on cancer cell
membranes (12, 29).

In this study, the formed nanocomplex was evaluated using
various characterization techniques. Based on the results, the
NPs were monodispersed, and DLS findings confirmed this
using a polydispersity index (PdI) of 0.14. It was also that the
structure of the NPs were spherical shaped (30, 31). On the
other hand, the zeta potential of the AuNPs alternated from
-13.20to-31.56 mV after being modified with alginate, which
shows that the alginateylated shells were more permanent
than the free shells in water.

The cytotoxicity of the Triptorelin-Alginate-AuNPs
nanostructure was done by the viability of MCF-7 cells by
a MTT assay. At the concentration range used in this study
(127, 254, 381 and 508 mM), MCF-7 cells show great
cell viability, suggesting that the contrast media has great
biocompatibility. After that, we investigated the feasibility
of applying the formed Triptorelin-Alginate-AuNPs for
targeted scanning of cells.

To assess the efficacy of the Triptorelin targeting of NPs on
a CT number, The MCF-7 cells were incubated for 24 hours
with targeted and non-targeted NPs, at concentrations of 127,
254, 381 and 508 mM, then were scanned by a clinical CT at
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different tube potentials (90, 120, 140 kVp). CT images and
the respective X-ray attenuation values for each sample were
measured at different concentrations and tube potentials. CT
images indicated that X-ray attenuation was dependent on
nanoparticle concentration and tube potential (1, 31-33). The
MCEF-7 cells treated with AuNPs with or without Triptorelin at
various incubation times, tube potentials, and concentrations.
In CT images, it is hard to visually diagnose the contrast of
the cells incubated with AuNPs and Triptorelin-Alginate-
AuNPs at various concentrations. The quantitative analysis
of the HU should be done with the standard program.
At equal concentration and tube potential, the HU show
that the MCF-7 cells incubated with Triptorelin-Alginate-
AuNPs showed significantly greater X-ray attenuation than
other groups treated with the non-targeted AuNPs. It can be
visually confirmed using the images of the cells.

Our results indicated that X-ray attenuation enhanced
when the concentration of gold nanoparticles increased, and
in sum leads to NPs uptake in place of the body at the target
area. To explain this, with the increment of concentration,
the number of particles in a determined volume increase.
So linear attenuation coefficient increases and causes an
increase in the CT number. On the other hand, an increase
in kVp reduces the number of attenuated photons. Thus, the
attenuation coefficient becomes smaller, and it causes a lower
CT number for all studied nanoparticles. Nevertheless, as the
number of detected photons increases, the noise content of
the image is decreased, and consequently, a higher CNR was
obtained. This can be attributed to differences in the imaging
properties of the x-ray CT scanner, including the beam
spectra and detector performances, as well as concentrations
and the size of the studied nanoparticles (24, 31, 34).

It is clear that for total NPs a greater concentration causes
more cellular accumulation of NPs. Consequently, the
contrast will be increased, and valuable data will be clinically
provided. However, it is expected that by increasing the
concentration, the HU values would increase linearly (9).
Our results propose that targeted cells (Triptorelin-Alginate-
AuNPs) have a more significant application potential as a
positive CT imaging contrast agent than non-targeted cells
(AuNPs) at the same concentrations and tube potentials.

Conclusion

In summary, it was demonstrated that the Triptorelin-
Alginate-AuNPs contrast agent could be applied as a
beneficial nano-molecular probe for cancer diagnosis in
CT imaging. Utilizing gold nanoparticles in combination
with Triptorelin targeting creates a targeted molecular
nanoprobe in CT imaging to diagnose specific cancer
cells. The nanocomplex was alginateylated so that it could
be biocompatible and have stability. The synthesized
nanoprobe was modified with Triptorelin to target the
MCF-7 cells that overexpress GnRH receptors. As well
as it was revealed that conjugation of Triptorelin to the
AuNPs, enhances the accumulation of contrast agents
on the tumor surface, thereby increasing the contrast
enhancement.
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Abstract

Objective: Satellite cells play an important role in muscle regeneration, which this process can be affected by different
genes including PAX7 and MyoD. Exercise training known as an important strategy for mediating the satellite cell’'s
function. Therefore, the main purpose of the present study is to investigate the changes in PAX7 and MyoD protein
expression in response to eccentric and concentric resistance exercise in healthy young men.

Materials and Methods: In this semi-experimental and cross-sectional study, 10 healthy men (age range 18-30 years
old) participated. They were randomly divided into two equal groups (n=5) to perform one of two high-intensity eccentric
or concentric knee extensions muscle contraction protocols. The contractions included a maximum of 12 sets of 10
repetitions, with a 30 second rest time interval between sets. PAX7 and MyoD protein expression was assessed using
Immunohistochemistry analysis from the Vastus Lateralis muscle needle biopsy samples that have been taken 24
hours before and 3 to 4 hours after the end of the exercise protocol.

Results: We observed that the PAX7 protein expression level increased significantly after eccentric (47.75%) and
concentric (39.21%) (P=0.01) intervention. While, the MyoD protein expression level reduced (38.14%) significantly

following acute eccentric resistance exercise (P=0.01).

Conclusion: It seems that eccentric or concentric muscular contraction modulates the expression of PAX7 and MyoD
protein expression in the skeletal muscle, with further effects observed in eccentric resistance exercise.
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Introduction

Skeletal muscle, as one of the most adaptable tissues
of a living organism, responds differently to different
stresses. These responses are different such as muscle
mass increase and angiogenesis (1). Many of the
adaptations resulting from repetitive strength training,
such as increased lean mass and strength, are probably
due to the high degree of skeletal muscle plasticity in
the response to loading. Different strength training
stimuli can manifest them in a variety of molecular
responses that lead to specific adaptations of skeletal
muscle to the type of strength training performed
(2). The molecular mechanisms that lead to skeletal
muscle adaptations are gene expression in different
levels, RNA and protein (3).

Resistance training is one of the training methods that
leads to increased muscle mass, muscle differentiation,
and etc. (4). Resistance training may lead to the
skeletal muscle hypertrophy through satellite cells.

Therefore, protein synthesis is increased and new
nuclei will be added to maintain muscle area. Increased
protein synthesis or satellite cells following resistance
training can be stimulated by a variety of signals, such
as hormonal and myogenic regulatory factors (5).
Resistance training includes concentric and eccentric
contractions that are performed against an external
load (6). Eccentric activity produces a larger amount of
force per muscle unit than concentric activity, meaning
that eccentric contraction has a greater load capacity
than concentric contraction (7). Therefore, at the same
constant load, concentric activity is performed at a
relatively higher intensity than the eccentric activity,
which results in the summoning of more units and a
greater increase in the level of growth factors than
eccentric activity (8).

Myogenic regulatory factors (MRFs) superfamily
consisting of four members: including myogenin,
MRF4, myogenic differentiation factor (MyoD) and
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Myf5. Among them, MyoD is responsible for muscle
hypertrophy, which this function requires satellite
cells (SCs) to repair load-induced muscle damage
(9). Ancestor cells activate regulatory genes (such as
PAX7) that are essential for the formation of satellite
cells (10). With the migration of met-C and CD34
receptors in response to muscle damage, satellite cells
begin to proliferate and activate MyoD and Myf5.
Subsequently, cause to activate myogenin and MRF4
and other differential genes (11). Satellite cells are
regulated by the PAX7 protein expression, which known
as cell cycle activators. Moreover, it is responsible for
activating and regulating the pool reserve of satellite
cell. A medium and low-intensity exercise increased
the PAX7 protein expression level, while a high-
intensity exercise decreased PAX7 protein expression
level in comparison with the control groups. These
results indicate that the intensity of exercise activity
potentially increases the PAX7 protein expression
(12). When eccentric and concentric movements
are performed separately, they exhibit distinct
physiological characteristics in comparison with each
other (13). From all the above, it can be deduced that
the signaling pathways of these two contractions will
probably lead to structural, physiological, molecular
and etc. differences in the skeletal muscle. Many
studies have examined the hormonal responses to
these two types of contraction (8, 14, 15), but there is
no study that examines myogenic regulatory factors.
Although, there are limited studies that focused on the
effects of different types of contractions on the muscle
tissue (7, 13, 14). It seems that the effects of eccentric and
concentric exercise on cellular signaling pathways such
as hypertrophic pathways are different and the researchers
suggested that eccentric training would produce greater
hypertrophy than concentric training and is the most
effective for strength gain (16). However, its molecular
mechanism is remarkably unknown. We hypothesized that
the difference between eccentric and concentric exercise
effects on the hypertrophic pathways can be attributed
to changes in the expression of different genes including
PAX7 and MyoD. Therefore, we compared the acute effect
of eccentric and concentric resistance exercise on the
PAX7 and MyoD protein expression in active young men
muscle.

Materials and Methods

The study was approved by the Tehran University Human
Research Ethics Committee, Tehran, Iran (IR.UT.SPORT.
REC.1397.029). All the procedures were performed in
accordance with the 1964 Helsinki Declaration and its
later amendments. Informed consent was obtained from
all participants.

Study population

In a semi-experimental and cross-sectional study, 10
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healthy male students aged 18 to 30 years of the Tehran
University, Tehran, Iran, who did strength training
recreationally with a history of training 3 to 6 days
a week to improve their general health and improve
their body composition at least at 6 months prior to
study recruited. Participants were randomly divided
into equal groups: concentric group and eccentric
group. Their average strength training was 6 years.
The inclusion criteria were an experience of resistance
training and normal body mass index. Exclusion
criteria was a history of drug consumption or sport
ergogenic supplementation during the last six-month,
history of orthopedic or cardiovascular disease. Who
suffered from a chronic disease such as cardiovascular,
diabetes, orthopedic problem, normal body mass index,
was excluded of our study. Using G*Power, v3.1.2, a
sample size of this study was calculated according to
the previously reported formula (17).

Study protocol

The participants attended the laboratory for two
sessions. In the first session, they were familiar
with the laboratory environment, isokinetic system,
resistance exercise protocol and their anthropometric
parameter including height and weight were assessed.
In the second session, they randomly performed one of
the eccentric or concentric protocols at the same time
between 8 - 9 am.

Resistance exercise protocol

In the familiarization and main protocol sessions,
the subjects rested in a sitting position for 10 minutes
after visiting the laboratory, the research procedure
and exercise were explained to them. After that, the
subject sat on the Biodex dynamometer (Biodex
Medical Systems 4 Pro, Inc., Shirley, NY, USA) chair
and adjustments were made to prepare the device. The
isokinetic contraction protocols included eccentric
and concentric knee extensions.

Eccentric protocol

Each contraction was performed in 60°/s. Subjects
performed 12 sets of 10 repetitions with 30 seconds of
rest between each set and a total of 120 contractions.
Straps restrained movement at the shoulders, hips, and
thighs (exercised leg) until the knee extensors were
separated during the protocols and the participant was
connected to the device. The eccentric contraction was
performed at more than 90% of the maximum eccentric
strength of the load, and the concentric component
was inactive. The researcher returns the body to the
starting position.

Visual feedback of the force signal was prepared for
each person. Verbal encouragement of the participants
was done if the contraction level was maintained. At



the end of each set, the perceived exertion score (RPE)
was determined from a 20-point scale. All participants
completed the full concentric protocol.

Concentric protocol

The protocol was similar to the eccentric protocol,
but subjects performed stimulate contractions at 90%
of their maximum instead of eccentric samples. The
eccentric part of the movement was passive that the
researcher returned the limb to the original position.
Visual feedback and RPE report of individuals between
sets were provided.

Immunohistochemistry analysis of Pax7 and MyoD
protein expression

Pre and post-test biopsy was performed by
orthopedic surgeon from the vastus Lateralis muscle
on each subject 24 hours before and after the training
protocol. Biopsy was performed in the distal and
proximal directions of the vastus Lateralis muscle.
Then, the muscle tissues were cultured on sterile
gelatinous slides (23-769-521, fisher, USA). Washed
with phosphate-buffered saline (PBS, P4417, Sigma—
Aldrich, UK) after 24 hours. They were fixed at
4°C with paraformaldehyde (30525-89-4 , Sigma—
Aldrich, UK) for 20 minutes. Muscle tissue coated
slides (P0425, Sigma-Aldrich, UK) were incubated
at room temperature for 2 minutes after washing with
PBS in HC1 (2N) (7647-01-0, Sigma-Aldrich, UK).
Following of PBS washing, the slides were exposed
to Triton 100-X (T8787, Sigma-Aldrich, UK) for 30
minutes. In the next step, 10% goat serum (G9023,
Sigma-Aldrich, UK) was added to the slides for half
an hour. The slides were incubated overnight with the
primary Pax7 antibody (1:100; Biorbyt orb1093757,
Biorbyt, UK) and MyoD antibody (1:100; Biorbyt
orb48951, Biorbyt, UK) at 4°C temperature. Then,
they were washed twice with PBS and exposed to
conjugated secondary antibodies (1:200; Biorbyt
orb688925, Biorbyt, UK) for 60 minutes in the dark at
37°C. After 3 times washing with PBS, DAPI (D9542,
Sigma-Aldrich, UK) was used to stain the nuclei and
then viewed with an Olympus [X83 microscope (IX83,
Olympus, Tokyo, Japan).

Statistical analysis

Descriptive statistics, mean and standard deviation
were used to describe data and inferential statistics
were used for between-groups comparison. The
Kolmogorov-Smirnov test was also used to evaluate
the normality of data distribution. In order to compare
the pre-test and post-test values and between groups
(eccentric vs. concentric) different, mixed-design
repeated measures analysis of variance (ANOVA)
was used. SPSS 21 software (SPSS Inc., Chicago, IL,
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USA) was used to analyze the data and Excel 2013
software was used to draw the graphs. The P<0.05
were considered as statistically significant.

Results

Demographic characteristics.

The demographic and physiological characteristics of
the subjects in the concentric and eccentric groups are
presented in Table 1.

Table 1: Demographic indicators of the subjects

Variable Group Mean = SD
Age (Y) Concentric 26.76 £3.45
Eccentric 25.15+2.68
Height (cm) Concentric 178.8 +4.26
Eccentric 176.26 + 4.67
Weight (kg) Concentric 71.5+8.16
Eccentric 72.10+£9.61
BMI (kg.m?) Concentric 23.45+2.26
Eccentric 24.26+1.97

BMI; Body mass index and SD; Standard deviation. The results of the
Kolmogorov-Smirnov test indicate the normal distribution of the studied
variables among both groups.

PAXT7 protein expression

A two-way mixed ANOVA with repeated measures
showed that there were no statistically significant
interaction effects (groupxtime) for the PAX7
[F(1.8)=1.995, P=0.293]. However, the main effect of
time showed a statistically significant increase in the
PAX7 from pre-test to post-test in both concentric and
eccentric resistance exercise groups (P<0.05). Results
showed no significant difference in the PAX7 protein
expression in the concentric and eccentric resistance
exercise groups (P>0.05, Figs.1, 2). The percentage of
their changes for concentric and eccentric were 47.75
and 39.21%, respectively.

MpyoD gene expression

There was no statistically significant interaction effect
(groupxtime) of the MyoD [F (1.8)=2.08, P=0.11].
However, the main effect of time showed a statistically
significant change for the MyoD from pre-test to post-test
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in the eccentric group (P<0.05) but the concentric group
wasn’t significant (P>0.05, Figs.3, 4). The percentage of

their changes for concentric and eccentric groups was
47.27 and 38.14%, respectively.

Fig.1: Immunofluorescence PAX7 staining. Positive satellite cell population (green), myonuclear (blue) and merged image of both cell markers in pre and
post time point of concentric (C) and eccentric (E) resistance exercise (scale bar: 50 um).
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Fig.2: Relative within group comparison of PAX7 protein expression following resistance exercise. RE; Resistance exercise and *; Significant differences

compared with pretest.
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Fig.3: Immunofluorescence MyoD staining. Positive satellite cell population (green), myonuclei (blue) and merged image of both cell markers in pre and
post time points of concentric (C) and eccentric (E) resistance exercise (scale bar: 50 um).

O Pretest
H Posttest
60
*
—
T
£ 404
< —
c
@
8
3
o
Q
o
>
=
5
c
8
[}
"
8
g. 204
w
Concentric RE Eccentric RE

Fig.4: Relative within group comparison of MyoD protein expression following resistance exercise. RE; Resistance exercise and *; Significant differences
compared with pretest.

Discussion test values, whereas the MyoD level decreased follow of

The main finding of the present study is a significant eccentric resistance exercise. Similar to our study results,
increase in the PAX7 after both eccentric and concentric ~ Pugh et al. (18) demonstrated that a resistance exercise
resistance exercise interventions. Also, these changes  increases the PAX7 expression in the eight sedentary
were significant in the eccentric group rather than the pre- subjects, whereas the MyoD remained unchanged. Abou
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Sawan et al. (19) showed that acute resistance exercise did
not change the PAX7+satellite cells, whereas resistance
training induces a significant increase of the SC,
independent of muscle fiber type and participants’ sex.
The PAX7 gene is a transcription factor in satellite cells
adjacent to the nucleus and is essential for the myogenic
process and satellite cell regeneration. Shefer et al. (20)
showed that satellite cells will be increased per muscle
fiber after moderate-intensity training. In another study,
the researchers observed no differences in the levels of
PAX7, MyoD and SC after resistance training (21). In
the present study, it was shown that both eccentric and
concentric exercises increase the PAX7 expression level
of the vastus lateralis muscle.

Many adaptations, such as increased strength and lean
mass, result from repetitive resistance training, due to the
high degree of skeletal muscle adaptability in response to
training pressure. Different training stimuli of resistance
exercise can elicit different molecular responses in
relation to specific skeletal muscle adaptations based on
the type of resistance training, intensity, volume and the
time under tension. However, previous human studies
have reported that eccentric contractions stimulate protein
synthesis more than concentric contractions (22, 23). It
could be justified by a different pattern and the extent of
muscle fiber recruitment variation between concentric
and eccentric contractions.

The migration and displacement capacity of satellite
cells depend on the integrity of the cell membrane.
After severe rupture of the basement membrane due to
the muscle damage, satellite cells migrate to adjacent
damaged myofibrils using tissue connections, but if the
tissue damage is limited and rupture of the basal lamina
has not occurred, the satellites cells will move from the
beginning of the healthy myofibrillar membrane to the
affected area to participate in muscle tissue repair. By
activating satellite cells, MyoD gene expression increases
rapidly (24). The present study findings suggested that
upregulation of MyoD protein expression following
acute eccentric exercise was significant, but there was no
significant change in the MyoD protein expression after
acute concentric exercise. Also, there was no difference
between these two groups. In order to better understand
the mechanisms of muscle hypertrophy in young women,
Jensky et al. (25) evaluated changes in the expression of
myostatin, follistatin and MyoD mRNAs using eccentric
and concentric exercise. They observed no changes in
myostatin and follistatin mRNA gene expression, but
significant increasing in MyoD gene expression after
eccentric exercise. In addition, concentric exercise was
associated with no changes in myostatin, follistatin, or
MyoD mRNA gene expression, an there was no significant
differences between eccentric and concentric exercise.

Skeletal muscle myosin heavy-chain (MHC) isoform
can affect the response of the MyoD gene to exercise. In
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confirmation of this claim, the researchers reported that
MyoD and myogenin mRNA expression immediately
after resistance exercise and 6 hours after was the
difference between type I, type Ila and type IIx muscle
fibers in healthy male subjects (26). The MyoD mRNA is
also affected by long-term training. For example, Liu et al.
(27) showed that strength training (six weeks) in human
specimens significantly increased the MyoD mRNA
expression in the triceps as predominantly fast twitch
muscle. Therefore, it seems that the lack of significant
changes is due to the study of the MyoD response to
compatibility in this study. Previously conducted studies
showed that an increase in the MyoD gene expression,
100 to 400%, immediately after exercise, while no change
was observed until 48 hours after exercise (28). In another
study, a strength training session on the leg extensor
muscle increased the expression of the MyoD gene up
to 8 hours after training, although, it diminished after 20
hours (29).

In the present study, the MyoD protein expression was
measured 24 hours after the eccentric and concentric
resistance exercise protocol, so it seems that the lack of
measurement at different times after the protocol could
not distinguish between the two types of exercise. It seems
that the type of exercised muscle, training modality and
the subject fitness levels affect the expression of satellite
cell markers. However, it should be noted that some results
did not confirm the increase in MyoD gene expression due
to exercise. For example, it was seen that one strength
training session in human samples had no significant
effect on the MyoD expression of lateral extensor muscle
(30). Also, strength training for eight weeks has no
significant effect on the MyoD broad-spectrum expression
level in men, with normal or reduced testosterone levels
(31, 32). A study by Drummond et al. (33) showed no
significant changes in the MyoD expression in vastus
lateralis muscle after the anabolic stimulus, resistance
exercise and essential amino acids, in young and older
men. Exercises that caused muscle damage, on the other
hand, did not significantly affect MyoD expression.
For example, in animal models, it was observed that an
increasing treadmill training session with a negative slope
did not have a significant effect on MyoD expression of
horseshoe muscles and openers (34). In line with this
study, we did not observe significant changes in the
MyoD protein expression level after concentric exercise.
However, regeneration of injured horseshoe muscles
has been reported to be intensified by exercise, intense
and voluntary activities, which has been associated with
increased MyoD protein levels (35).

Generally, it’s suggested that a single session of
eccentric or concentric exercise causes significant
changes in the skeletal muscle strength and hypertrophy
related factors, including upregulation of Pax7
expression as a transcription factor in satellite cells
close to the nucleus which is essential for myogenic and



satellite cell regenerations (36). On the other hand, it
is believed that activation and proliferation of satellite
cells, followed by their differentiation and fusion with
myotubes, are essential for skeletal muscle hypertrophy
in adults (37) and the MyoD has been shown to be
upregulated prior to satellite cell proliferation (38).
Also, the MyoD has been suggested to be an important
regulator involved in the adaptation of skeletal muscle
to mechanical stress such as exercise (39). In addition
to MyoD, the previous studies’ findings showed that
Pax7 is critical for the normal function of satellite
cells in adult skeletal muscle (40). Therefore, since
the present study findings indicated that eccentric or
concentric resistance exercise can affect the expression
of PAX7 and MyoD, it can be concluded that exercise
training positive effects on skeletal muscle tissue can
partly be exerted by changing the expression of PAX7
and MyoD. However, the mechanism underlying
this effectiveness should be determined in the future
studies. Unfortunately, we don’t investigate the
changes in the different skeletal muscle hypertrophic
factors and determined the difference between the
effects of these two protocols (eccentric or concentric)
on genes and proteins involved in muscle hypertrophy
required further researches.

Conclusion

Overall, the present study showed that one session
of eccentric and concentric resistance exercise activity
leads to changes in the expression of PAX7 and MyoD
proteins which are involved in skeletal muscle myogenic
regulatory factors. However, these changes are generally
in greater magnitude following eccentric resistance
exercise modality than concentric resistance exercise
intervention.
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