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Letter to the Editor

From Mendel to Gene Therapy
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2Aveni Foundation, Santa Monica, CA, U.S.A.;
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The 20 of July 2022 marked 200 years since the birth of
Gregor Mendel, whose experimentation in the field of
heredity laid
consequently paving the way for gene therapy. Over the past
bicentennial, the field of genetics has evolved from the study

the groundwork for modern genetics,

of inheritable traits in pea plants, to the implementation of
revolutionary gene therapies with the aim of curing diseases
that have plagued humanity since inception, with cancer and
hemophilia at the forefront (Figure 1).

Gregor Mendel, an Austrian monk and teacher, spent nearly
a decade studying patterns of inheritance (1). Ultimately
settling on pea plants as his subject due to their
distinguishable traits, ease of growing, and pace of
reproduction, Mendel grew over 10,000 plants in the garden
of his monastery over the course of his experiments (2).
Implementing both cross-fertilization and self-fertilization
methods, Mendel observed multiple generations of plant
lineages, documenting seven distinct characteristics, and
subsequently calculating the ratios of the two distinct forms
of each characteristic. Analysis of this data led to the
proposition of three principles of inheritance, which he
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presented in 1865 at the Natural History Society in Austria
(3-5). Unbeknownst to Mendel, these three principles: the
law of dominance, the law of segregation, and the law of
independent assortment, accurately encompass the mode of
inheritance of a multitude of human traits aptly referred to
today as “Mendelian traits” (6, 7).

Although Mendel is now known as the “Father of
Genetics”, the term “genetics” was not introduced until 1906,
decades after his studies (8, 9). William Bateson, who at the
time served as Chair of Biology at Cambridge University,
publicly established the term at the Third International
Conference on Plant Hybridization during his inaugural
address “The Progress of Genetic Research” (8, 10, 11).
Three decades later in Poland, the term ‘“genetic
engineering” was coined by microbiologist A. Jost during a
presentation in 1941 on yeast reproduction (12).

Links between DNA and the field of genetics date back to
the early 1900s, yet DNA was not identified as the material
of heredity until 1944 (13, 14). Within a decade, James
Watson and Francis Crick published the basis of our modern
understanding of DNA’s structure: the double helix (15, 16).
The article, published in 1953 in the journal Nature, detailed
base pairing rules and the antiparallel nature of the sugar-
phosphate backbones (15, 16). Watson and Crick’s discovery
ultimately arose from the x-ray crystallographic evidence
collected by Rosalind Franklin, specifically an image taken
by her student, PhD candidate Raymond Gossling, known as
“Photo 517 (17, 18).

Francis Crick continued to make ground-breaking
contributions to the field of genetics in the following years.
In his laboratory, his team determined that three bases of
DNA, now aptly referred to as a “codon”, code for a
singular amino acid (19, 20). By 1966, the contributions of
multiple laboratories including Crick’s, ultimately cracked
the genetic code; the mRNA code for all 20 amino acids, in
addition to both the start and stop codons, had been
identified (20-23).
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Figure 1. Celebrating Mendel’s 200" anniversary: Artist’s illustration of the chronology of events from Gregor Mendel’s experiments on pea plants
to the discovery of the genetic code to genetic engineering of viral vectors for gene therapy applications (www.heathergordondrawings.com).

Within a decade of the genetic code being solved,
researchers at the University of Wisconsin reported
accomplishing the first chemical synthesis of a gene (24, 25).
Completed in 1970, the five year process involved the
ligation of 17 segments of yeast DNA to form a 77-
nucleotide-long gene encoding alanine tRNA (25, 26). The
New York Times referred to this feat as a “new step along
the road toward manipulation of the hereditary material in
plants, animals, and perhaps, man” (25).

Arguably one of the largest accomplishments in modern
science, The Human Genome Project released its final
version of the first DNA sequence for (nearly) the entire
human genome in 2003, after 13 years of international
collaboration (27, 28). Though limited by the technology of
the time, 90% of human DNA was successfully sequenced
(27, 28). The database created by the Human Genome
Project has allowed for the identification of over 2000
disease genes, including a multitude of genome sequences
associated with cancer (29, 30).
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In 2007, following decades of research in the fields of
genetics and heredity, DeltaRex-G (Former name: Rexin-G,
Mx-dnG1, dnG1), the first and so far the only tumor-targeted
gene therapy received accelerated approval for all solid
malignancies refractory to chemotherapy by the Philippine
FDA following multiple demonstrations of safety and
efficacy in advanced pancreatic cancer, cholangiocarcinoma,
soft tissue sarcoma, osteosarcoma, breast cancer, colon
cancer and prostate cancer (5, 31, 32). In 2009, the United
States FDA (USFDA) granted DeltaRex-G fast-track
designation for pancreatic cancer and orphan drug
designation for soft tissue sarcoma and osteosarcoma (32).

DeltaRex-G, an intravenously injected retrovector,
encodes a human cyclin GlI (CCNGI) inhibitor gene.
CCNGL1 is a non-canonical cyclin involved in tissue
regeneration, but when pathologically activated as a proto-
oncogene, CCNG1 activates the Mdm?2 oncogene, which
subsequently inactivates tumor suppressor p53, ultimately
resulting in cancer progression (33, 34). Hence, inhibition of
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CCNGI1 indirectly restores the function of p53 by
inactivating Mdm?2 via the CCNG1 axis (34, 35). DeltaRex-
G selectively binds to proteins and receptors in the tumor
microenvironment (TME), and allows for the insertion of the
CCNGI1 inhibitor gene solely into tumor cells, leaving
healthy cell populations untouched. The absence of collateral
damage is achievable due to the inherent nature of
retroviruses to only integrate into dividing cells, i.e., cancer
cells, proliferative neovasculature, and tumor-associated
fibroblasts (TAFs) in the case of DeltaRex-G (5, 31, 36).
After insertion, DNA is reverse-transcribed from the inserted
RNA, and subsequently integrated into the cancerous cells’
DNA, allowing for the expression of the CCNGI1 inhibitor
gene, consequently resulting in cell death via apoptosis-
mediated pathways (5, 36). Further, due to enhanced CCNG1
expression in cancer stem cells and tumor-initiating cells that
are capable of self-renewal, an interesting area of future
research would investigate the role CCNG1 inhibition using
DeltaRex-G may play in eradicating the cancer stem cells,
which cause recurrence and metastasis (37). However,
barriers to funding forced a stall in the continued
development of DeltaRex-G for over a decade.

In the meantime, interest in gene therapy research and
development significantly expanded, with the introduction of
a variety of gene-therapy technologies to the international
market. Notably, in 2015, talimogene laherparepvec
(Imlygic), an oncolytic modified human Herpes simplex virus
expressing a granulocyte macrophage colony stimulating
factor (GM-CSF) transgene was approved by the USFDA for
metastatic melanoma. Currently, talimogene laherparepvec
has been shown to synergize with chemo-immunotherapy for
advanced sarcoma (38). In 2017, a number of CAR-T cell
products gained USFDA approval for hematologic
malignancies, in which autologous T cells transfected with
chimeric antigen receptors (CAR) ex vivo using retrovector
technology (31, 39). Upon intravenous reintroduction, the
genetically modified T cells selectively bind to proteins
expressed by proliferating cancer cells, initiating apoptosis
(31, 39). These CAR-T cell therapies [tisagenlecleucel
(Kymriah) for acute lymphoblastic leukemia and
axicabtagene ciloleucel (Yescarta) for large B-cell lymphoma]
revolutionized the practice of cancer therapy, specifically
immunotherapy, with demonstrations of treatment-induced
remissions in patients with refractory leukemia and
Ilymphoma (31). Recently, two adeno-associated viral vectors
received USFDA approval: etranacogene dezaparvovec-drlb
(Hemgenix), encoding the Factor IX gene, was approved for
the treatment of hemophilia B, an X-linked bleeding disorder
due to Factor IX coagulation factor deficiency and
delandistrogene moxeparvovec-rokl (Elevidys), encoding a
shortened functional segment of dystrophin, received
accelerated approval for the treatment of Duchenne muscular
dystrophy (38).

Finally, in July 2023, the USFDA Center of Biologics
Evaluation and Research authorized the expansion of the
Aveni Foundation Expanded Access program for advanced
breast cancer in addition to pancreatic cancer and sarcoma,
including the use of DeltaRex-G as a platform therapy upon
which gene-targeted therapies and immunotherapies may be
added. This authorization followed long-term survival
studies demonstrating successfully prolonged lives of
patients with advanced cancer, evidenced by >10- year
survival of patients with pancreatic cancer, soft tissue
sarcoma, osteosarcoma, breast cancer and B-cell lymphoma
with DeltaRex-G therapy (25, 33, 40). Today, this targeted
gene delivery system, long considered the “Holy Grail of
Gene Therapy”, has now become available again to cancer
patients worldwide (5, 41-43).

Ultimately, the field of genetics has expanded
exponentially since Mendel’s pea plant experimentation in the
mid—19th—century, allowing for the discovery and development
of life-saving gene therapy technologies. However, just as
Mendel and his successors bore the pains of skepticism for
years, the progression of gene therapy continues to face
hindrance. Ethical concerns and regulatory measures pose
barriers to the accessibility of these transformative
technologies. Public acceptance, brought about by digestible
research and education, as well as increased funding, are
critical to expanding gene therapy research, opening
exponential opportunities for further applications.

References

1 1865: Mendel’s Peas. Bethesda, MD, National Human Genome
Research Institute, 2013. Available at: https://www.genome.gov/
25520230/online-education-kit-1865-mendels-peas [Last accessed
on August 3, 2023]

2 Gregor Mendel (1822-1884). Cold Spring Habor, NY,
Cold Spring Harbor Laboratory, 2023. Available at:
https://dnalc.cshl.edu/view/16151-Biography-1-Gregor-Mendel-
1822-1884-.html [Last accessed on August 3, 2023]

3 Mendel G: Versuche iiber Plflanzen-hybriden. Verhandlungen
des naturforschenden Vereines in Briinn Bd 4: 3-47, 1865. DOI:
10.5962/bhl. title.61004

4 Miko I: Gregor Mendel and the principles of inheritance. Nat
Educ 1(1): 134, 2008.

5 Waehler R, Russell SJ, Curiel DT: Engineering targeted viral
vectors for gene therapy. Nat Rev Genet 8(8): 573-587, 2007.
DOI: 10.1038/nrg2141

6 Lewis RG, Simpson B: Genetics, Autosomal Dominant. Treasure
Island, FL, USA, StatsPearls Publishing, 2023.

7 Hindroff L: Mendelian Inheritance. Bethesda, MD, National
Human Genome Research Institute, 2003. Available at:
https://www.genome.gov/genetics-glossary/Mendelian-
Inheritance [Last accessed on August 3, 2023]

8 Bateson W: The progress of genetic research. In: Report of the
Third International Conference on Genetics. Wilks W (ed.).
London, UK, Royal Horticultural Society, pp. 90-97, 1906. DOI:
10.5962/bhl title.118849

4259



ANTICANCER RESEARCH 43: 4257-4261 (2023)

9 Ombholt SW: From sequence to consequence and back. Prog
Biophys Mol Biol 111(2-3): 75-82, 2013. DOI: 10.1016/
j-pbiomolbio.2012.09.003

10 Richmond ML: Women in the Early History of Genetics:
William Bateson and the Newnham College Mendelians, 1900-
1910. Isis 92(1): 55-90, 2001. DOI: 10.1086/385040

11 Gayon J: From Mendel to epigenetics: History of genetics. CR
Biol 339(7-8): 225-230, 2016. DOI: 10.1016/j.crvi.2016.05.009

12 Kaplan KJ: ARS Leads in assessing risks in transgenics. Agr
Research Mag 52(9): 4-8, 2004.

13 McCarty M, Avery OT: Studies on the chemical nature of the
substance inducing transformation of pneumococcal types. J Exp
Med 83(2): 97-104, 1946. DOI: 10.1084/jem.83.2.97

14 Portin P: The birth and development of the DNA theory of
inheritance: sixty years since the discovery of the structure of DNA.
J Genet 93(1): 293-302, 2014. DOI: 10.1007/s12041-014-0337-4

15 Watson JD, Crick FHC: Molecular structure of nucleic acids: a
structure for deoxyribose nucleic acid. Nature 171(4356): 737-
738, 1953. DOI: 10.1038/171737a0

16 The Discovery of the Double Helix, 1951-1953. Bethesda, MD,
National Institutes of Health, 2023. Available at:
https://profiles.nlm.nih.gov/spotlight/sc/feature/doublehelix [Last
accessed on August 3, 2023]

17 Cobb M: Sexism in science: did Watson and Crick really steal
Rosalind Franklin’s data? New York, NY, The Guardian, 2015.
Available at: https://www.theguardian.com/science/2015/jun/
23/sexism-in-science-did-watson and-crick-really-steal-rosalind-
franklins-data [Last accessed on August 3, 2023]

18 Walsh F: The most important photo ever taken? London, UK,
BBC, 2012. Available at: https://www.bbc.com/news/health-
18041884 [Last accessed on August 3, 2023]

19 Crick FHC, Barnett L, Brenner S, Watts-Tobin RJ: General
nature of the genetic code for proteins. Nature 192(4809): 1227-
1232, 1961. DOI: 10.1038/1921227a0

20 Tamura K: The Genetic Code: Francis Crick’s legacy and
beyond. Life (Basel) 6(3): 36, 2016. DOI: 10.3390/1ife6030036

21 Nirenberg M, Leder P: RNA codewords and protein synthesis.
Science 145(3639): 1399-1407, 1964. DOI: 10.1126/science.
145.3639.1399

22 Khorana HG, Buuchi H, Ghosh H, Gupta N, Jacob TM, Kossel
H, Morgan R, Narang SA, Ohtsuka E, Wells RD: Polynucleotide
synthesis and the genetic code. Cold Spring Harbor Symp Quant
Biol 31(0): 39-49, 1966. DOI: 10.1101/sqb.1966.031.01.010

23 Deciphering the Genetic Code, 1958-1966. Bethesda, MD,
National Institutes of Health, 2023. Available at:
https://profiles.nlm.nih.gov/spotlight/sc/feature/deciphering [Last
accessed on August 3, 2023]

24 Khorana HG, Agarwal KL, Biichi H, Caruthers MH, Gupta NK,
Klbppe K, Kumar A, Ohtsuka E, RajBhandary UL, van de Sande
JH, Sgaramella V, Tebao T, Weber H, Yamada T: CIII. Total
synthesis of the structural gene for an alanine transfer
ribonucleic acid from yeast. ] Mol Biol 72(2): 209-217, 1972.
DOI: 10.1016/0022-2836(72)90146-5

25 Sullivan W: Complete Synthesis of Gene Reported. New York,
NY, USA, The New York Times, 1970. Available at:
https://www.nytimes.com/1970/06/03/archives/complete-
synthesis-of-gene-reported-total-synthesis-of-gene.html [Last
accessed on August 3, 2023]

26 Hughes RA, Ellington AD: Synthetic DNA synthesis and
assembly: Putting the synthetic in synthetic biology. Cold Spring

4260

Harb Perspect Biol 9(1): a023812, 2017. DOI:
cshperspect.a023812

27 Collins FS, Green ED, Guttmacher AE, Guyer MS, US National
Human Genome Research Institute: A vision for the future of
genomics research. Nature 422(6934): 835-847, 2003. DOI:
10.1038/nature01626

28 First complete sequence of a human genome. Bethesda, MD,
National Institutes of Health, 2022. Available at: https://
www.nih.gov/news-events/nih-research-matters/first-complete-
sequence-human-genome [Last accessed on August 3, 2023]

29 Heggie J: Genomics: a revolution in health care? Washington,
DC, National Geographic, 2019. Available at: http://www.
nationalgeographic.com/science/article/partner-content-
genomics-health-care [Last accessed on August 3, 2023]

30 Cancer Genomics. Bethesda, MD, National Human Genome
Research Institute, 2023. Available at: https://www.genome.gov/
dna-day/15-ways/cancer-genomics [Last accessed on August 3,
2023]

31 Goswami R, Subramanian G, Silayeva L, Newkirk I, Doctor D,
Chawla K, Chattopadhyay S, Chandra D, Chilukuri N, Betapudi
V: Gene therapy leaves a vicious cycle. Front Oncol 9: 297,
2019. DOI: 10.3389/fonc.2019.00297

32 Chawla SP, Bruckner H, Morse MA, Assudani N, Hall FL,
Gordon EM: A Phase I-1I study using Rexin-G tumor-targeted
retrovector encoding a dominant-negative cyclin G1 inhibitor for
advanced pancreatic cancer. Mol Ther Oncolytics 12: 56-67,
2018. DOI: 10.1016/j.omt0.2018.12.005

33 Al-Shihabi A, Chawla SP, Hall FL, Gordon EM: Exploiting
oncogenic drivers along the CCNG1 pathway for cancer therapy
and gene therapy. Mol Ther Oncolytics 11: 122-126,2018. DOI:
10.1016/j.omt0.2018.11.002

34 Morse MA, Chawla SP, Wong TZ, Bruckner HW, Hall FL,
Gordon EM: Tumor protein p53 mutation in archived tumor
samples from a 12-year survivor of stage 4 pancreatic ductal
adenocarcinoma may predict long-term survival with DeltaRex-
G: A case report and literature review. Mol Clin Oncol 15(3):
186, 2021. DOI: 10.3892/mc0.2021.2348

35 Chawla SP, Olevsky O, Iyengar G, Brigham DA, Omelchenko
N, Thomas S, Suryamohan K, Foshag L, Hall FL., Gordon EM:
Early-stage CCNG 1+ HR+ HER2+ invasive breast carcinoma in
older women: Current treatment and future perspectives for
DeltaRex-G, a CCNG1 inhibitor. Anticancer Res 43(6): 2383-
2391, 2023. DOI: 10.21873/anticanres.16406

36 Chawla SP, Wong S, Quon D, Moradkhani A, Chua VS,
Brigham DA, Reed RA, Swaney W, Hall FL, Gordon EM: Three
year results of Blessed: Expanded access for DeltaRex-G for an
intermediate size population with advanced pancreatic cancer
and sarcoma (NCT04091295) and individual patient use of
DeltaRex-G for solid malignancies (IND# 19130). Front Mol
Med 2: 1092286, 2022. DOI: 10.3389/fmmed.2022.1092286

37 Wen W, Han T, Chen C, Huang L, Sun W, Wang X, Chen S,
Xiang D, Tang L, Cao D, Feng G, Wu M, Ding J, Wang H:
Cyclin G1 expands liver tumor-initiating cells by Sox2 induction
via Akt/mTOR signaling. Mol Cancer Ther 12(9): 1796-1804,
2013. DOI: 10.1158/1535-7163.MCT-13-0099

38 Chawla SP, Tellez WA, Chomoyan H, Valencia C, Ahari A,
Omelchenko N, Makrievski S, Brigham DA, Chua-Alcala V,
Quon D, Moradkhani A, Gordon EM: Activity of TNT: a phase
2 study using talimogene laherparepvec, nivolumab and
trabectedin for previously treated patients with advanced

10.1101/



Jeffrey et al: From Mendel to Gene Therapy

sarcomas (NCT# 03886311). Front Oncol 13: 1116937, 2023.
DOI: 10.3389/fonc.2023.1116937

39 CAR T Cells: Engineering patients’ immune cells to treat their
cancers. Bethesda, MD, National Cancer Institute, 2022. Available
at: https://www.cancer.gov/about-cancer/treatment/research/car-t-
cells [Last accessed on August 3, 2023]

40 Liu S, Chawla SP, Bruckner H, Morse MA, Federman N,
Srikureja A, Brigham DA, Ignacio JG, San Juan F, Manalo RA,
Hall FL, Gordon EM: Long term survival following DeltaRex-
G/DeltaVax tumor-targeted gene therapy for advanced
chemotherapy-resistant malignancies: an academic milestone.
Clin Oncol 6: 1807, 2021.

41 Anderson WF: The best of times, the worst of times. Science
288(5466): 627-629, 2000. DOI: 10.1126/science.288.5466.627

42 Pfeifer A, Verma IM: Gene therapy: Promises and problems. Ann
Rev Genomics Hu Genetics 2(1): 177-211, 2001. DOI:
10.1146/Annurev.Genom.2.1.177

43 Guibinga GH, Hall FL, Gordon EM, Ruoslahti E, Friedmann T:
Ligand-modified vesicular stomatitis virus glycoprotein displays
a temperature-sensitive intracellular trafficking and virus
assembly phenotype. Mol Ther 9(1): 76-84, 2004. DOI:
10.1016/j.ymthe.2003.09.018

Received August 4, 2023
Revised September 6, 2023
Accepted September 11, 2023

4261



INSTRUCTIONS FOR AUTHORS
General Policy

ANTICANCER RESEARCH (AR) will accept original high-quality works and reviews on all aspects of experimental and clinical cancer research. The
Editorial Policy suggests that priority will be given to papers advancing the understanding of cancer causation, and to papers applying the results of basic
research to cancer diagnosis, prognosis, and therapy. Each article should include a concrete conclusion constituting of a “new piece of knowledge” backed
up by unambiguous and accurate scientific evidence. AR will also accept the following for publication: (a) Abstracts and Proceedings of scientific meetings
on cancer, following consideration and approval by the Editorial Board; (b) Announcements of meetings related to cancer research; (c) Short reviews (of
approximately 120 words) and announcements of newly received books and journals related to cancer, and (d) Announcements of awards and prizes.

The principal aim of AR is to provide prompt publication (print and online) for original works of high quality, generally within 1-2 months from
final acceptance. Manuscripts will be accepted on the understanding that they report original unpublished works in the field of cancer research that
are not under consideration for publication by another journal, and that they will not be published again in the same form. All authors should sign
a submission letter confirming the approval of their article contents. All material submitted to AR will be subject to peer-review, when appropriate,
by two to three suitable referees. All manuscripts submitted to AR are urgently treated with absolute confidence, with access restricted to the
Managing Editor, the journal’s secretary, the reviewers, and the printers. The Editors reserve the right to improve manuscripts on grammar and
style.

AR requires that all manuscripts be prepared in accordance with the “Recommendations for the Conduct, Reporting, Editing, and Publication
of Scholarly work in Medical Journals” (https:/www.icmje.org/icmje-recommendations.pdf) as published by the International Committee of Medical
Journal Editors (ICMJE). We also support and adhere to the “Principles of Transparency and Best Practice in Scholarly Publishing”
(https://publicationethics.org/resources/guidelines/principles-transparency-and-best-practice-scholarly-publishing) (a joint statement by COPE, DOAJ,
WAME, and OASPA).

The Editors and Publishers of AR accept no responsibility for the contents and opinions expressed by the contributors. Authors should warrant due
diligence in the creation and issuance of their work.

AR is a monthly print and online hybrid open-access journal (a subscription journal in which some of the articles are open access). All articles that
are published as open access are with gold OA, which means that the final published version is permanently and freely available to anyone. All articles
of Anticancer Research in HighWire become open access two years after their publication. Our open access articles are distributed under the terms and
conditions of the Creative Commons Attribution (CC BY-NC-ND) 4.0 international license (https://creativecommons.org/licenses/by-nc-nd/4.0).

Manuscript Format

Three types of papers may be submitted: (i) Full papers containing completed original work, (ii) review articles concerning fields of recognizable
progress, and (iii) letters to the Editor. Papers should contain all essential data in order to make the presentation clear. Reasonable economy should
be exercised with respect to the number of tables and illustrations used. Papers should be written in clear, concise American English.

Submitted original manuscripts exceeding 4 printed pages will be subject to excess page charges. The 4 printed pages correspond approximately
to twelve (12) document pages (~250 words per double-spaced typed page in Arial 12), including abstract, text, tables, figures, and references.
Excess pages are charged USD 230.00 each. Each color page is charged USD 350.00. Review articles should not exceed 35 pages (approximately
250 words per double-spaced typed page) including all tables, figures, and references.

Sections

All manuscripts should be divided into the following sections:

a. First page including (i) the title of the presented work [not exceeding fifteen (15) words], (ii) full names and affiliations of all authors (with a
maximum of 20 authors), (iii) name of the corresponding author(s) (with a maximum of 2 corresponding authors) to whom proofs are to be sent
(with affiliation, full postal address, telephone and e-mail), (iv) key words, (v) an abbreviated running title, (vi) an indication “review”, “clinical”,
“epidemiological”, or “experimental” study, and (vii) the date of submission. Note: The order of the authors is not necessarily indicative of their
contribution to the work. Authors may note their individual contribution(s) in the appropriate section(s) of the presented work. Affiliations should
be indicated with a superscript number immediately after each author's name and in front of the appropriate address. Affiliations should not
include street, box number or postal (zip) code.

b. Abstract not exceeding 250 words, organized according to the following headings: Background/Aim — Materials and Methods/Patients and

Methods — Results — Conclusion. For Case Reports the structure should be as follows: Background/Aim — Case Report — Conclusion.

. Introduction;

. Materials and Methods/Patients and Methods/Case Report;

. Results (not needed in a Case Report);

. Discussion;

. Conclusion;

. Conflicts of Interest;

i. Authors’ Contributions;

=2 - B CE =N o]

j. Acknowledgements;
k. Funding;
1. References.



All pages must be numbered consecutively. Footnotes should be avoided. Review articles may follow a different style according to the subject
matter and the author’s opinion.

Headings and Subsections

The article should be divided into clearly defined unnumbered sections. Main headings should be typed in bold on a separate line on the left of the
page. The subheadings should be typed in bold italics at the left of the page on a separate line, and only the first word should begin with a capital
letter. The sub-subheadings should be typed in italics on a new line, aligned full left. The text should start on the same line with subheadings and
sub-subheadings.

Figures

All figures should appear at the end of the submitted document file and should be numbered with Arabic numerals (1, 2, 3, etc.) according to their
sequence in the text. Once a manuscript is accepted all figures and graphs should be submitted separately in either jpg, tiff, or pdf format and at a
minimum resolution of 300 dpi. Graphs must be submitted as pictures made from drawings and must not require any artwork, typesetting, or size
modifications. Symbols, numbering, and lettering should be clearly legible. The number and top of each figure must be indicated.

Tables

All tables should appear at the end of the submitted document file and should be numbered with Latin numerals (I, II, III, etc.) according to their
sequence in the text. Once a manuscript is accepted, each table should be submitted separately in an editable format, typed double-spaced. Tables
should include a short title. Tables should not be divided into two or more parts, should not contain vertical rules, and the main body of the table
should not contain horizontal rules.

Numerals

The authors should write numbers of 10 or more as numerals except at the beginning of a sentence. Numbers one to nine should be written in words,
unless they precede units of measure or are used as designators. The authors should use decimal points (not decimal commas) and a comma for
thousands (1,000 and above). Decimals should not be quoted with naked points, for example the authors should quote 0.01, not .01. p-Values for
significant outcomes can be quoted as below a threshold significance value (e.g., p<0.05, 0.01, 0.001), but wherever possible should be quoted as
an exact probability value. Departure from a significance threshold of 0.05 should be stated and justified in the Methods. Nonsignificant outcomes
should be indicated with an exact probability value whenever possible, or as NS or p>0.05, as appropriate for the test.

Supplementary Material

The journal does not have provision for use of supplementary material (Tables, Figures, Videos, or other material). The authors may (i) include
their supplementary Tables/Figures as standard material or (ii) provide their own http/ftp link and upload the material on a website maintained by
the authors (in this case the links for the supplementary material are given at the end of the paper under the section “Supplementary Material”) or
(iii) exclude the material from publication and provide it only for Reviewers’ attention.

Conflicts of Interest and Authors’ Contributions

All authors will be asked to supply authors’ contributions and conflicts of interest information. We encourage authors to outline their individual contributions
to the paper using the relevant CRediT roles: Conceptualization; Data curation; Formal analysis; Funding acquisition; Investigation; Methodology; Project
administration; Resources; Software; Supervision; Validation; Visualization; Roles/Writing - original draft; Writing - review & editing.

References
Authors must assume responsibility for the accuracy of the references used. Citations for the reference sections of submitted works should follow
the form below and must be numbered consecutively. In the text, references should be cited by number in parenthesis, e.g., (1, 2). Examples:

1 Kenyon J, Liu W, Dalgleish A: Report of objective clinical responses of cancer patients to pharmaceutical-grade synthetic cannabidiol. Anticancer
Res 38(10): 5831-5835, 2018. DOI: 10.21873/anticanres.12924 (DOIs only if applicable)

2 McGuire WL and Chamnes GC: Studies on the oestrogen receptor in breast cancer. In: Receptors for Reproductive Hormones. O’ Malley BW,
Chamnes GC (eds.). New York City, NY, USA, Plenum Publ Corp., pp 113-136, 1973.

3 Global Health Estimates 2015: Disease Burden by Cause, Age, Sex, by Country and by Region, 2000-2015. Geneva, Switzerland, World Health
Organisation, 2016. Available at: http://www.who.int/healthinfo/global_burden_disease/estimates/en/index2.html [Last accessed on April 3,
2018] (The web address should link directly to the cited information and not to a generic webpage)

You may download our journal's style for Endnote at https://iiar-anticancer.org/wp-content/uploads/2023/04/IIAR_Anticancer-Res_2023.zip

Nomenclature and Abbreviations

Nomenclature should follow that given in “Chemical Abstracts”, “Index Medicus”, “Merck Index”, “IUPAC -IUB”, “Bergey’s Manual of
Determinative Bacteriology”, The CBE Manual for Authors, Editors and Publishers (6th edition, 1994), and MIAME Standard for Microarray Data.
Human gene symbols may be obtained from the HUGO Gene Nomenclature Committee (HGNC) (http://www.gene.ucl.ac.uk/). Approved mouse



nomenclature may be obtained from http://www.informatics.jax.org/. Standard abbreviations are preferable. The authors should define abbreviations
that are not standard in this field at their first mention in the abstract, main text, Figures and Table legends, and should ensure consistency of
abbreviations throughout the article.

Definitions

Sex generally refers to a set of biological attributes that are associated with physical and physiological features (e.g., chromosomal genotype,
hormonal levels, internal and external anatomy). In humans, a binary sex categorization (male/female) is usually designated at birth ('sex assigned
at birth'), most often based solely on the visible external anatomy of a newborn. Gender generally refers to socially constructed roles, behaviours
and identities of women, men, and gender-diverse people that occur in a historical and cultural context and may vary across societies and over time.
The terms 'sex' and 'gender' can be ambiguous; thus, it is important for authors of studies on human subjects to define the way they are used.

Submission Process

Submission of Manuscripts

Please follow the Instructions for Authors regarding the format of your manuscript and references.

Manuscripts must be submitted only through our online submission system at: http://www.iiar-submissions.com/login.html

In case a submission is incomplete, the corresponding author will be notified accordingly. Questions regarding difficulties in using the online
submission system should be addressed to email: journals@iiar-anticancer.org

Article Transfer Service

If the Editor feels that the submitted manuscript is more suitable for an alternative journal, the authors might be asked to consider transferring the
manuscript to such a journal. If they agree, the manuscript will be transferred, though the authors will have the opportunity to make changes to the
manuscript before the submission is complete. The manuscript will be independently reviewed by the new journal.

Revision of Manuscripts

When the authors revise their paper, they need to prepare a detailed explanation of how they have dealt with the reviewers' comments and include
their response in the first page of the revised manuscript file. In addition, the authors should use the reviewers’ edited manuscript file for their
corrections (not the original submitted file) and submit online a highlighted version of their revised manuscript. For the highlighted version, the
authors may use the Track Changes tool in MS Word or highlight their changes in yellow.

Galley Proofs
Unless otherwise indicated, galley proofs will be sent to the corresponding author of the submission. Corrections of galley proofs should be limited
to typographical errors. Galley proofs should be returned corrected to the Editorial Office by email (iiar@iiar-anticancer.org) within 24 hours.

Specific Information and Additional Instructions for Authors
. Anticancer Research (AR) closely follows the new developments in all fields of experimental and clinical cancer research by (a) inviting reviews
on topics of immediate importance and substantial progress in the last three years, and (b) providing the highest priority for rapid publication to

—_

manuscripts presenting original results judged to be of exceptional value. Theoretical papers will only be considered and accepted if they bear
a significant impact or formulate existing knowledge for the benefit of research progress.

2. AR will consider the publication of conference proceedings and/or abstracts provided that the material submitted fulfils the quality requirements
and instructions of the journal, following the regular review process by two-three suitable referees.

3. An acknowledgement of receipt, including the article number, title and date of receipt is sent to the corresponding author of each manuscript
upon receipt. If this receipt is not received within 20 days from submission, the author should call or write to the Editorial Office to ensure that
the manuscript (or the receipt) was properly uploaded during the electronic submission.

4. Each manuscript submitted to AR is sent for peer-review (single-blind) in confidence to two-three suitable referees with the request to return
the manuscript with their comments to the Editorial Office within 12 days from receipt. If reviewers need a longer time or wish to send the
manuscript to another expert, the manuscript may be returned to the Editorial Office with a delay. All manuscripts submitted to AR, are treated
in confidence, without access to any person other than the Managing Editor, the journal’s secretary, the reviewers, and the printers.

5. All accepted manuscripts are carefully corrected in style and language, if necessary, to make presentation clear (there is no fee for this service).
Every effort is made (a) to maintain the personal style of the author’s writing and (b) to avoid change of meaning. Authors will be requested to
examine carefully manuscripts which have undergone language correction at the pre-proof or proof stage.

6. Authors should pay attention to the following points when writing an article for AR:

® The Instructions to Authors must be followed in every detail.

@ The presentation of the experimental methods should be clear and complete in every detail facilitating reproducibility by other scientists.

@ The presentation of results should be simple and straightforward in style. Results and discussion should not be combined into one section, unless
the paper is short.

@ Results given in figures should not be repeated in tables.

@ Figures (graphs or photographs) should be prepared at a width of 8 or 17 cm with legible numbers and lettering.

® Photographs should be clear with high contrast, presenting the actual observation described in the legend and in the text. Each legend should



provide a complete description, being self-explanatory, including technique of preparation, information about the specimen and magnification.

@ Statistical analysis should be elaborated wherever it is necessary. Simplification of presentation by giving only numerical or % values should
be avoided.

@ Fidelity of the techniques and reproducibility of the results should be points of particular importance in the discussion section. Authors are
advised to check the correctness of their methods and results carefully before writing an article. Probable or dubious explanations should be
avoided.

@ Authors should not cite results submitted for publication in the reference section. Such results may be described briefly in the text with a note
in parenthesis (submitted for publication by... authors, year).

® References. Each article should address, list, and discuss the entire spectrum of current publications relevant to its field. All cited references
must provide sufficient and valid peer-reviewed results leading to clear and reliable conclusions.

@ By following these instructions, Authors will facilitate a more rapid review and processing of their manuscripts and will provide the readers
with concise and useful papers.

7. Following review and acceptance, a manuscript is examined in language and style, and galley proofs are rapidly prepared. Second proofs are

not sent unless required.

. Authors should correct their galley proofs very carefully and preferably twice. An additional correction by a colleague always proves to be

useful. Particular attention should be paid to chemical formulas, mathematical equations, symbols, medical nomenclature etc. Any system of

oo

correction marks can be used in a clear manner, preferably in red. Additions or clarifications are allowed provided that they improve the
presentation but do not bring new results (no fee).

9. Articles submitted to AR may be rejected without review if:

o they do not fall within the journal’s policy.

@ they do not follow the instructions for authors.

® language is unclear.

@ results are not sufficient to support a final conclusion.

@ results are not objectively based on valid experiments.

@ they repeat results already published by the same or other authors before the submission to AR.

@ plagiarism is detected by plagiarism screening services.

[Rejection rate (2022): 71%)].

10. Authors who wish to prepare a review should contact the Managing Editor of the journal in order to get confirmation of interest in the particular
topic of the review. The expression of interest by the Managing Editor does not necessarily imply acceptance of the review by the journal.

11. Authors may inquire information about the status of their manuscript(s) by sending an e-mail to journals@iiar-anticancer.org

12. Authors who wish to edit a special issue on a particular topic should contact the Managing Editor.

This text is a combination of advice and suggestions contributed by Editors, Authors, Readers, and the Managing Editor of AR.

Copyright © 2023 — International Institute of Anticancer Research (G.J. Delinasios). All rights reserved (including those of translation into other
languages). No part of this journal may be reproduced, stored in a retrieval system, or transmitted in any form or by any means, electronic,
mechanical, photocopying, microfilming, recording or otherwise, without written permission from the Publisher.





