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was rs1800896 upstream of IL-10 gene (IL-10-1082). All statistical analyses T 1995599298168

were performed by GraphPad Prism 9.3.1 for Mac.

Results: The genotype distributions of IL-10 gene polymorphisms among
cancer and control groups were all according to the expected Hardy-
Weinberg equilibrium. There was no statistically significant difference in
frequency of genotypes and alleles between the two study groups (p >
0.05). In another analysis, the samples were grouped according to the
polymorphic variant IL-10 (- 1082) A/G. Subjects having the homozygous
variant (A/A) had lower IL-10 mRNA levels than those with the homozygous
wild (G/G) genotype in both, ovarian cancer patients and controls, p <
0.05. mRNA levels on IL-10 were different among cases and controls (p
< 0.05). Patients with ovarian cancer had higher level of mRNA for IL-10.
Conclusions: These results support the theory that IL-10 gene expres-
sion levels differ in patients with and without ovarian cancer. Polymorphic
variant IL-10 (- 1082) A/G couldn’t be confirmed to explain this difference
in gene expression levels.
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Introduction

Being one of the most lethal malignancies, ovar-  survival rate of 17 %.2? Over 3.1 million new cas-
ian cancer represents the 3rd most common gy-  es and over 207,000 deaths were reported world-
naecological cancer and the 8th most common  wide in 2020 alone.? Often it is diagnosed at late
cancer in women worldwide with a poor 5-year  stage making it hard to achieve a good progno-
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sis. Ovarian cancer is considered to demonstrate
multifactorial causes including risk factors such
as age, parity, obesity, smoking, etc. However, in-
creasing evidence suggests that genetic factors
contribute significantly to the incidence of ovari-
an cancer.® Most common mutations seen in ovar-
ian cancer are in TP53, BRCA1, BRCA2, KRAS and
PIK3CA genes.*

Tumour microenvironment (TME) plays a vi-
tal role in tumour cell survival and cancer pro-
gression, as well as determining the efficiency
of administered chemotherapies and immuno-
therapies and consecutively the prognosis of the
patients. Especially in ovarian cancer, due to a
highly immunosuppressive microenvironment,
the first line platinum-based drugs showed high
recurrence rates and consequently became che-
mo-resistant. This leads to significant challenges
in treatment modalities and patient recovery.®
Multiple players of immune microenvironment of
tumours have been studied in context of cancer
risk or different biological behaviour of tumours.
One of them is IL-10. Both, gene characteristic
and protein expression levels of this cytokine
are found to be altered in some tumour tissues
of cancer patients. The IL-10 gene is located on
chromosome 1g32.1 with 5 exons. About 40 SNPs
have been described in the promoter region.”

The ovarian cancer patients showed significant-
ly higher concentration of IL-10 cytokine in the
ascites fluid and in the serum compared to the
control group.® Even tumour biopsies showed a
similar increase in IL-10 in tumour samples com-
pared to normal ovarian tissue and normal ova-
ries.” The high expression of IL-10 is considered
as a bad omen as it decreases the survival rates!?
and is shown to promote cancer cell migration
which results in local spread and metastasis if
present in ascites,!’ while some polymorphism
in [L-10 gene promoter region showed to give ad-
vantageous results by providing optimal tumour
debulking and disease free survival rates!? and
support tumour rejection by helping NK cells to
activate against the tumour cells.’

This may suggest the possibility of IL-10 acting
differently based on the presence of different
cytokines and the result of which would reflect
based on those other cytokines as well. Thus,
knowledge about IL-10 could bear a new torch to
understand the mechanisms of TME.

In the present study the single nucleotide poly-
morphism (SNP) rs1800896 also mentioned as
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the IL-10-1082A/G polymorphism in the IL-10
gene was analysed and the expression of [L-10 in
the peripheral blood of ovarian cancer patients
to check the extent of the role of this SNP in the
ovarian cancer patients in Georgia.

Methods

The study design was a case-control study. Ovar-
ian cancer patients who were consecutively ad-
mitted to the oncology department of Madison
Hospital and Inova Medical Centre in Thilisi,
Georgia were recruited. Age-matched women
who were regularly involved in cancer screening
in an outpatient clinic in Tbilisi and were healthy,
were asked to volunteer as control group mem-
bers. Clinical information of patients was collect-
ed from medical notes.

The eligibility criteria for the cases were: a) di-
agnosis of ovarian carcinoma; b) ability to un-
derstand the purpose of the study and provide
informed consent; c¢) being ethnically Georgian.
Eligibility criteria for controls were as followed:
no diagnosis of ovarian cancer and minor illness-
es were acceptable (eg common cold, headache).
The rest of the criteria (2-3) were identical to that
of the cases. In total 48 patients were involved in
the study along with 48 healthy controls.

Blood samples were collected in a vacutainer
tube containing ethylenediaminetetraacetic acid
(EDTA). Genomic DNA and RNA were extracted
from the whole blood using DNA and RNA pu-
rification kits (Qiagen, USA). DNA and RNA con-
centrations were measured using the fluorome-
ter-based method (Qubit, Thermo Scientific, USA).

Genotyping

SNP genotyping was performed using TagMan
assay (Thermo Scientific, USA). The selected SNP
was rs1800896 SNP upstream of IL-10 gene (IL-
10-1082). Each TagMan SNP genotyping assay
contained sequence-specific forward and reverse
primers to amplify the polymorphic sequence
of interest and 2 TagMan minor groove binder
(MGB) probes with nonfluorescent quenchers
(NFQ): One VIC-labelled probe to detect allele
1(A) sequence and one FAM-labelled probe to de-
tect allele 2(G) sequence. Real time-PCR was per-
formed based on standard protocols. The reac-
tion mix, including the TagMan Master Mix (5.00
uL) and the 20X Assay Working Stock (0.50 uL),
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totalled 5.50 uL. Together with the DNA sample
(4.50 ul), the final reaction volume was 10 uL.
PCR conditions for amplification included poly-
merase activation at 95 °C for 10 min (hold), de-
naturation at 95 °C for 15 s and annealing/exten-
sion at 60 °C for 1 min (cycle 40). The real-time
PCR instrument software plots the results of
the allelic discrimination data as a plot of allele
1 (VIC dye) versus allele 2 (FAM dye). The allelic
discrimination (AD) plot represents each sample
well as an individual point on the plot. A typical
AD plot shows homozygote clusters, a heterozy-
gote cluster and the no-template controls. The
points in each cluster are grouped closely togeth-
er and each cluster is located well away from the
other clusters.

Reverse transcription

The reverse transcription was carried out by us-
ing Thermo Fisher High-Capacity cDNA reverse
transcription Kkits. The final volume of each reac-
tion well was 20 pL of which 10 pL was contrib-
uted by RNA sample and 10 pL was contributed
by 2X RT master mix. The 2X RT master mix was
prepared as per the protocol which consisted of
2 pL of RT random primers, 1 pL of Multiscribe
transcriptase, 0.8 uL of ANTP nucleotide mix, 2 pL
of RT buffer and 4.2 pL of nuclease free water to
fit each well of 20 pL reaction.

After loading, the PCR conditions for reverse
transcription included 10 min of incubation peri-
od at 25 °C, 120 mins of second stage at 37 °C and

Results

Association between promoter poly-
morphisms of IL-10 gene and ovarian
cancer

The genotype distributions of IL-10 gene poly-
morphisms among cancer and control groups
were all according to the expected Hardy-Wein-
berg equilibrium. IL-10 (-1082) allele and gen-
otype distributions of both ovarian cancer pa-
tients and controls are illustrated in Table 1.
There was no statistically significant difference
in frequency of genotypes and alleles between
the two groups (p > 0.05).
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5 min of final step at 85 °C. The obtained cDNA
samples were stored at 4 °C for further analysis.

Gene expression

Gene expression assays for IL-10 was performed
using TagMan gene expression assays (Thermo
Scientific, USA). The final volume of PCR reaction
of each well was 20 pL which contained 1 pL of
gene expression assay, 10 pL of gene expression
master mix, 4 pL of cDNA template and 5 pL of nu-
clease free water. The PCR settings for amplifica-
tion required polymerase activation at 95 °C for
10 min (hold), denaturation at 95 °C for 15 s and
annealing/extension at 60 °C for 1 min (cycle 40).

Statistics

The study and control groups were analysed sep-
arately. All statistical analyses were performed
by GraphPad Prism 9.3.1 for Mac (GraphPad Soft-
ware, San Diego, California USA).

Statistical significance for differences in geno-
type frequencies was determined by Chi-square
and Fisher’s exact test and the level of signifi-
cance was put at p < 0.05. An unpaired t-test was
used to compare the difference in mean prolifer-
ative activity of patients with A/A genotype and
patients having the G allele (A/G and G/G). To
evaluate associations between the SNPs and the
risk of cancer odds ratios (ORs) and 95 % confi-
dence intervals (ClIs) were calculated using un-
conditional logistic regression analysis.

Relationship between IL 10 (- 1082)
SNP and expression levels of IL-10
in ovarian cancer

In another analysis, the ovarian cancer samples
and controls were grouped according genotypes
to the polymorphic variant IL 10 (-1082) A/A,
A/G and G/G. Subjects having the homozygous
variant (A/A) had lower IL-10 mRNA levels than
those with the homozygous wild (G/G) genotype
in both, ovarian cancer patients and controls,
p < 0.05. In addition, mRNA levels on IL-10 were
different among cases and controls (p < 0.05).
Patients with ovarian cancer had higher level of
mRNA for IL-10 in all three groups (Figure 1).
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Table 1: Distribution of IL-10 -1082 A/G genotype and allele frequency in ovarian cancer patients

and controls
Genotypes or alleles  Cases N (%)  Controls N (%) OR (95 % CI) p-value
A/A 11 (22.9 %) 14(29.2 %) 1.00 (ref)
A/G 28 (58.3 %) 27 (56.2 %) 1.06 (0.57-1.74) 0.835
G/G 9(18.8 %) 7 (14.6 %) 0.84 (0.38-2.36) 0.648
Aallele 50 (52.1 %) 55 (57.3 %) 1.00 (ref)
Gallele 46 (47.9 %) 4 (42.7 %) 0.46 (0.21-1.43) 0.461
OR: odds ratio; CI: confidence interval;
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Figure 2: Relative gene expression levels of the IL-10 in the ovarian cancer and control groups

0C: ovarian cancer patients group; C: control group;

Discussion

Cytokines involved in ovarian carcinoma play
very important role in survival rate, prognosis,
progression free survival and probability of me-
tastasis. Higher concentration of IL-10 protein
leads to higher chances of ascites in ovarian can-
cer patients.® As ovarian carcinoma has a very
high tendency to metastasise through trans-
coelomic spread, presence of ascites makes the
prognosis even worse as cytokines and chemok-
ines of malignant ascites enhance weakening of
cellular tight junctions, transmesothelial migra-
tion and epithelial-to-mesenchymal transition.!?
This process fastens the tumour cell seeding
throughout the abdominal cavity and promotes
tumour growth, thereby reducing the efficiency
of debulking surgeries.

The paradox is that IL-10 also plays a crucial role

in tumour suppression. IL-10 can suppress HLA
expression on the tumour cell surface which acti-
vates NK cells against those tumour cells.” Anoth-
er study showed that PEGylated IL-10 activates
systemic immunity by CD8" T cell invigoration,
polyclonal T cell expansion; increase the levels
of INF-y, granzyme B in cancer patients and pro-
motes tumour cell regression.!* There are various
trials and studies which showed various mod-
ified IL-10 such as, PEG IL-10, PVC-Ag coated IL-
10, adenoviral-mediated expression of IL-10 have
showed results favouring anti-tumour properties
of IL-10.1

Presented study showed no clinical significance
of IL-10 SNP variant (-1082) when it comes to
G/G vs A/G*A/A polymorphisms. It reflects the
results described earlier.!? Analysis was also ex-
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tended with IL-10 expression. This showed that
homozygous variant (A/A) had lower IL-10 mRNA
levels than those with the homozygous wild
(G/G) genotype in both, ovarian cancer patients
and controls, (p < 0.05). Further analysis showed
that patients with ovarian cancer had higher lev-
el of mRNA for IL-10.1

Furthermore, a study among colorectal cancer pa-
tients revealed that the GG genotype of -1082A/G
polymorphism in IL-10 were higher in controls
compared to colorectal cancer patients.'” A case
control study showed that similar results among
breast cancer patients by proving AA genotype
shows increased risks towards the development
of the breast cancer.’® While this SNP and cor-
responding gene expression have been analysed
in a number of articles for separately separate
groups of population, more studies are needed of
rs1800896 SNP of IL-10 gene and IL-10 gene ex-
pression in ovarian cancer patients.

IL-10 along with other cytokines play an im-
portant role in inducing the immunosuppressive
TME. Induced or adapted subset of regulatory T
cells (Treg) and tumour cells produce immuno-
suppressive cytokines such as IL-10, TGF-B, etc.
[L-10 in turn makes dendritic cells (DC) dysfunc-
tional which further provides the positive feed-
back loop to induce and expand Treg cells further
by stimulating their proliferation. Treg cells are
known to induce tumour specific tolerance and
immunosuppression.® The IL-10 treated DCs
demonstrated antigen specific anergic conditions
in both CD4* and CD8* T cells as well.® But, IL-10
is also believed to be acting with anti tumouro-
genic properties.

Attempts were made to analyse both rs1800896
SNP of IL-10 gene and IL-10 gene expression in the
same group of population. Yet, presented study
has some limitations, one of which is the small-
er sample size. Seeing some tendency despite
this relatively small number of studied cases in-
creases the value of the results and demonstrates
importance of further research in this direction.
Another significant improvement to study results
could be brought by excluding the possibility of
other polymorphism in the IL-10 promoter region
influencing the gene expression.
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Conclusion

s N
Presented results support the theory that IL-

10 gene expression levels differ in patients
with and without ovarian cancer. Polymorphic
variant IL-10 (-1082) A/G couldn’t be con-
firmed to explain this difference in gene ex-
pression levels.

Ethics

The study was approved by the Ethics Committee
of Thilisi State Medical University, Thilisi, Georgia
(decision No N7-2021/91, dated 6 October 2021).
Signed informed consent was collected from each
of the study participants.

Acknowledgement

The authors are grateful to the participants who
took partin the study.
Conflicts of interest

The authors declare that there is no conflict of
interest.

Funding

This work was supported by the Shota Rustaveli
National Science Foundation of Georgia, Grant YS-
21-1216.

Data access

The data that support the findings of this study
are available from the corresponding author
upon reasonable individual request.



Author ORCID numbers

Pavithra Balakrishnan (PB):
0000-0002-7718-6769
Jahnvi Shah (]S):
0000-0003-4373-4402
Sandro Surmava (SS):
0009-0006-1446-0990
Eka Kvaratskhelia (EK):
0000-0002-1200-0230
Elene Abzianidze (EA):
0000-0002-1140-7688
Nino Vardiashvili (NV):
0009-0005-0047-1253
Ketevani Kankava (KK):
0000-0001-6944-971X

References

Balakrishnan et al. Scr Med. 2024 Mar-Apr;55(2):157-63.

Author contributions

Conceptualisation: PB, EK
Methodology: PB, JS, SS, EK
Validation: SS

Formal analysis: NV
Investigation: PB, JS, SS, EK
Resources: |S, NV

Data curation: SS

Writing - original draft: PB
Writing - review and editing: EK, EA, KK
Supervision: KK

Project administration: EK, EA
Funding acquisition: KK

Huang ], Chan WC, Ngai CH, Lok V, Zhang L, Luce-
ro-Prisno DE 3rd, et al. On behalf of NCD Global Health
Research Group of Association of Pacific Rim Univer-
sities Apru. Worldwide burden, risk factors, and tem-
poral trends of ovarian cancer: a global study. Cancers
(Basel). 2022 Apr 29;14(9):2230. doi: 10.3390/can-
cers14092230.

Ovarian cancer statistics: World cancer research fund
international (2022) WCRF International. [Internet].
[Accessed: 22-Feb-2023]. Available at: https://www.
wecrf.org/cancer-trends/ovarian-cancer-statistics/.
Guo T, Dong X, Xie S, Zhang L, Zeng P, Zhang L. Cellular
mechanism of gene mutations and potential therapeu-
tic targets in ovarian cancer. Cancer Manag Res. 2021
Apr 8;13:3081-100. doi: 10.2147/CMAR.S292992.
Surmava S, Kvaratskhelia E, Balakrishnan P, Shah ],
Abzianidze E, Tavartkiladze AA, et al. Single nucleo-
tide polymorphisms in the folate metabolic pathway
genes and global DNA methylation in ovarian cancer.
ESMO Open. 2023; 8(5):101881. doi: 10.1016/j.es-
moop.2023.102201.

Ning F, Cole CB, Annunziata CM. Driving immune re-
sponses in the ovarian tumor microenvironment.
Front Oncol. 2021 Jan 15;10:604084. doi: 10.3389/
fonc.2020.604084.

Yigit R, Massuger LF, Figdor CG, Torensma R. Ovari-
an cancer creates a suppressive microenvironment
to escape immune elimination. Gynecol Oncol. 2010
May;117(2):366-72. doi: 10.1016/j.ygyno.2010.01.019.
Mannino MH, Zhu Z, Xiao H, Bai Q, Wakefield MR, Fang
Y. The paradoxical role of IL-10 in immunity and cancer.
Cancer Lett. 2015 Oct 28;367(2):103-7. doi: 10.1016/j.
canlet.2015.07.009.

Mustea A, Konsgen D, Braicu EI, Pirvulescu C, Sun P,
Sofroni D, Lichtenegger W, Sehouli J. Expression of IL-
10 in patients with ovarian carcinoma. Anticancer Res.
2006 Mar-Apr;26(2C):1715-8. PMID: 16617566.

10.

11.

12.

13.

14.

15.

16.

Pisa P, Halapi E, Pisa EK, Gerdin E, Hising C, Bucht A,
et al. Selective expression of interleukin 10, interferon
gamma, and granulocyte-macrophage colony-stimu-
lating factor in ovarian cancer biopsies. Proc Natl Acad
Sci U S A. 1992 Aug 15;89(16):7708-12. doi: 10.1073/
pnas.89.16.7708.

Zhao S, Wu D, Wu P, Wang Z, Huang J. Serum IL-10 pre-
dicts worse outcome in cancer patients: a meta-anal-
ysis. PLoS One. 2015 Oct 6;10(10):e0139598. doi:
10.1371/journal.pone.0139598.

Lane D, Matte I, Garde-Granger P, Bessette P, Piché A.
Ascites IL-10 promotes ovarian cancer cell migration.
Cancer Microenviron. 2018 Dec;11(2-3):115-24. doi:
10.1007/s12307-018-0215-3.

loana Braicu E, Mustea A, Toliat MR, Pirvulescu C, Koéns-
gen D, Sun P, et al. Polymorphism of IL-1alpha, IL-1beta
and IL-10 in patients with advanced ovarian cancer:
results of a prospective study with 147 patients. Gyne-
col Oncol. 2007 Mar;104(3):680-5. doi: 10.1016/j.ygy-
n0.2006.10.014.

Ford CE, Werner B, Hacker NF, Warton K. The un-
tapped potential of ascites in ovarian cancer research
and treatment. Br ] Cancer. 2020 Jul;123(1):9-16. doi:
10.1038/s41416-020-0875-x.

Naing A, Infante JR, Papadopoulos KP, Chan IH, Shen C,
Ratti NP, et al. PEGylated IL-10 (Pegilodecakin) induces
systemic immune activation, CD8+ t cell invigoration
and polyclonal T cell expansion in cancer patients. Can-
cer Cell. 2018 Nov 12;34(5):775-791.e3. doi: 10.1016/j.
ccell.2018.10.007.

Rallis KS, Corrigan AE, Dadah H, George AM, Keshwara
SM, Sideris M, et al. Cytokine-based cancer immuno-
therapy: challenges and opportunities for IL-10. Anti-
cancer Res. 2021 Jul;41(7):3247-52. doi: 10.21873/an-
ticanres.15110.

Zhu Z, Liu JB, Liu X, Qian L. Association of inter-
leukin 10 rs1800896 polymorphism with sus-



B Balakrishnan et al. Scr Med. 2024 Mar-Apr;55(2):157-63.

17.

ceptibility to breast cancer: a meta-analysis. ] Int
Med Res. 2020 Apr;48(4):300060520904863. doi:
10.1177/0300060520904863.

Miteva LD, Stanilov NS, Deliysky TS, Stanilova SA. Sig-
nificance of -1082A/G polymorphism of IL10 gene for
progression of colorectal cancer and IL-10 expression.
Tumour Biol. 2014 Dec;35(12):12655-64. doi: 10.1007/
s13277-014-2589-2.

18.

163

Ahmadi S, Surmava S, Kvaratskhelia E, Abzianidze E,
Kankava K. IL-10 polymorphism and breast cancer risk
in Georgian women: a case-control study. Glob Med
Genet. 2023 Jul 10;10(3):159-63. doi: 10.1055/s-0043-
1770957.



