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Abstract 

Background:  Ovarian cancer (OC) is the leading cause of death associated with gynecologic cancer. IL-10 plays an 
important role in tumorigenesis. We investigated IL-10 gene polymorphisms in OC patients. The current case–control 
study screened forty-eight women with OC and forty-eight healthy women who did not have OC. The genotyping 
of SNPs (− 1082 G > A; rs1800896 and − 819 C > T; rs1800871) of the IL-10 gene was done by tetra primers sequence-
specific primer polymerase chain reaction (SSP-PCR) technique. The plasma levels of IL-10 were measured using an 
enzyme-linked immunosorbent assay (ELISA).

Results:  For IL-10 (− 1082 G/A) polymorphism, the G (wild allele) was significantly associated with increasing the risk 
of OC (OR = 2.054 with CI = 1.154–3.657; P < 0.05), while the A (variant allele) and AA genotype was significantly asso‑
ciated with decreasing the risk of OC (OR = 0.487 with CI = 0.273–0.867; P < 0.05) and (OR = 0.15; 95% CI = 0.04–0.63; 
P < 0.05), respectively. For IL-10 (− 819C/T) polymorphisms, the T allele (variant allele) and (TT, CT genotypes) were 
significantly associated with increasing the risk of OC (OR = 2.800 with 95% CI = 1.577–5.037; P < 0.05), (OR = 18.33 
with 95% CI = 3.46–97.20; P < 0.001), and (OR = 9.44 with 95% CI = 2.52–35.40; P < 0.001), respectively, while the 
C (wild allele) was significantly associated with decreasing the risk of OC (OR = 0.357 with 95% CI = 0.199–0.642; 
P < 0.05). The haplotype analysis for (− 1082 G > A and − 819 C > T shows the GT haplotype was significantly associ‑
ated with increasing the risk of OC (OR = 50.09 with CI = 6.34–395.92; P < 0.001). OC was substantially correlated with 
IL-10 level (r = 0.457; p < 0.001). There is no linkage disequilibrium (LD) between IL 10 − 1082 G/A and IL 10 − 819 
C/T (D′ = 0.1315, r2 = 0.016; P = NS). A statistically significant positive relationship existed between IL-10 and CA125 
and ALT (P < 0.05). IL-10 and albumin showed a strong negative association (P < 0.05), whereas the correlation of IL10 
plasma level with BUN, AST, T. Bil., TLC, PLT, Cr., and HB has not any significant value (P > 0.05).

Conclusions:  Overall, this study supports an association of IL-10 (− 1082 G/A and − 819C/T) polymorphisms with the 
risk of ovarian cancer.
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1 � Background
Ovarian cancer (OC) is the primary reason for women’s 
gynecologic cancer-related deaths [1–3]. Worldwide, 
around 3.4% incidence and 4.4% mortality rates of OC in 
females per year [4]. In more developed regions, 9.2 per 
100,000 women are affected by ASR, compared to 5 per 
100,000 in less developed areas [5]. The absence of early 
symptoms in OC resulted in an advanced stage prior 
to diagnosis which accounts for the high incidence and 
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mortality rate of OC [1, 6]. The majority of ovarian neo-
plasms (about 80%) are epithelial ovarian cancers (EOC) 
[7]. Four major histological kinds of EOC have been iden-
tified: serous, mucinous, clear cell, and endometrioid car-
cinoma [1, 8].

The pathogenesis of OC may be significantly influenced 
by immune dysregulation [9]. Multifunctional cytokines 
are small glycoproteins included in the development 
of immunity and inflammation, as well as the patho-
genesis of a range of malignancies as OC [10]. Multiple 
cytokines are released by OC cells, and their changes may 
have prognostic and diagnostic relevance [11]. Because 
inflammatory cytokines in a microenvironment promote 
the rapid proliferation of malignant cells, inflammation 
has a significant relationship to the development of can-
cer [12]. Numerous diseases are largely influenced by 
cytokines that promote and inhibit inflammation [13]. 
One of the fundamental causes of OC’s underlying mech-
anisms may be chronic inflammation [9].

Many different cell types, including CD4 + Th2, mono-
cytes/macrophages, activated B cells, and even some 
human malignancies, produce the immunoregulatory 
cytokine interleukin 10 (IL-10) [14, 15]. Interleukin 
10 (IL-10) downregulates the cytokine production by 
Th1 cells and macrophages [15], and it has anti-angi-
ogenic and anti-inflammatory properties, making it 
both tumor-inhibiting and tumor-promoting [17, 18]. 
IL-10 may assist tumor cells in evading immune surveil-
lance and accelerate tumor progression [19]. IL10 has 
been reported to exhibit anti-tumorigenic properties in 
numerous malignancies by activation of natural killer 
(NK) cells [20]. IL-10’s anti-angiogenesis impact, on the 
other hand, has the potential to prevent the growth and 
metastasis of malignant tumors [21, 22] and represses 
of IL-1b, TNF-α, IL-6, MMP-9, and VEGF, all of which 
are needed for angiogenesis[15, 16]. The concentrations 
of IL-10 are elevated in OC patients’ ascites and plasma, 
and they are linked to progressed illness and destitute 
quiet forecast in OC [24–26].

So as to improve the long permanence of OC patients, 
chemotherapy and surgery had already been thor-
oughly researched [27], but, recently, the rate of survival 
for 5-years does not have a considerable rise [27, 28]. 
So, novel pharmacologic therapies with an acceptable 
adverse effect profile are urgently needed, and special-
ized treatment is a viable method [29]. Antibody-based 
therapy for hematologic cancers and solid tumors has 
become a well-established therapeutic method over the 
past fifteen years. OC patients are increasingly being 
treated with antibody therapy, which is a promising field 
of research [30]. Rituximab (Rituxan) is a chimeric mon-
oclonal anti-human CD20 antibody that is located largely 
on the B cells’ surface of immune system and causes B cell 

depletion [31, 32]. It causes cell death when it attaches to 
this protein [33]. The usage of this antibody reduced the 
average of lymphotoxins (LTs) in an OC patient popula-
tion [34]. In the same way, rituximab treatment would 
reduce the rate of LT development in hepatopancrea-
tobiliary (HPB) and gastrointestinal (GI) cancers [35]. 
Rituximab’s sensitization may be attributed in part to a 
change in cytokine production. Cytotoxicity experiments 
employing exogenous IL-10 and antibodies that neutral-
ize it have shown that IL-10 acts as an anti-apoptotic/
protective factor in tumor cells against cytotoxic agents. 
The FDA has confirmed Rituximab for medicament of 
chronic lymphocytic leukemia (CLL) and non-Hodg-
kin lymphoma (NHL) [31, 36]. It is included among the 
essential medications by the World Health Organization 
(WHO) [37].

The IL-10 gene, which has five exons and four introns, 
which can be found on chromosome 1’s long arm at 
1q31-1q32. In the promoter area, several polymorphic 
sites have been discovered [38]. The most frequently 
investigated single nucleotide polymorphisms (SNPs) in 
various diseases are the three SNPs in the IL-10 promoter 
region, rs1800896 (− 1082G/A), rs1800871 (− 819C/T), 
and rs1800872 (− 592A/C) [38, 39]. It was also indicated 
that IL-10 SNPs regulate transcriptional activity and pro-
duce gene expression changes, which affect IL-10 level, 
severity, and progression of the disease [15, 40]. The goal 
of this investigation was to look into the correlation of 
ovarian cancer risk with genetic polymorphisms within 
the promoter of the IL10 gene (− 1082 G/A, − 819 C/T) 
which is involved in inflammation, and we inspected the 
concentrations of IL-10 within the plasma of typical and 
cancerous ovarian women.

2 � Methods
2.1 � Population
Recruit 48 Egyptian women who had primary epithelial 
OC (histologically verified) from the Gynecology and 
Obstetrics’s Department, Medicine’s Faculty, Egypt, in 
period (2017 to 2019). Our final clinical diagnosis based 
on the international gynecology and obstetrics federa-
tion (www.​figo.​org) categorization divided the OC stages 
into (stage I, II, III, or IV), grade of tumor (G1: tumor 
with good differentiation, G2: tumor with quite modest 
differentiation, and G3: tumor with no differentiation), 
and histological kinds (mucinous, endometrioid, serous-
papillary, clear cell, and others). As healthy controls, 48 
females from Egypt women participated in the research, 
and they were cancer-free adults who were age-matched 
to the OC patients. The size of sample was counted utiliz-
ing open EPI software (www.​opene​pi.​com) and according 
to ovarian cancer incidence in Egypt.

http://www.figo.org
http://www.openepi.com
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Two groups were created from the recruited patients 
and healthy volunteers.

1.	 Group 1: consists of 48 healthy controls with a mean 
age of 45.27 years.

2.	 Group 2: consists of 48 patients with primary ovar-
ian cancer, comprising a range of subtypes (endome-
trioid, mucinous, serous, and clear cell carcinoma), 
found to have a mean age of 50.60 years.

The current study’s protocol received approval as per 
the announcement of (1964 Declaration of Helsinki, 
revised in 2013) and good clinical researches guidelines, 
and the ethics committee authorized all of the study sub-
jects’ verbal informed consent.

The inclusion criteria for this study included: women 
who are 45 to 80 years old and different subtypes of pri-
mary EOC (clear cell, mucinous, serous, endometrioid 
carcinoma). The exclusion criteria included women who 
under the age of 45 or older than 80, endometriosis, 
inflammatory illnesses, pregnancy, lactation, smoking, 
autoimmune disease, pneumonia, type I diabetes, thyroid 
disease, or borderline tumors.

2.2 � Genotyping of IL‑10‑1082G/A and IL‑10‑819C/T
For groups 1 and 2, Genomic DNA was extracted from 
whole blood in EDTA K3 (tri-potassium ethylenediami-
netetraacetic acid) tubes using a genomic DNA’s purifica-
tion kit (Promega, Madison, USA) and stored at − 80  °C 
until the genotyping. The genotyping of two SNPs in the 
study was tetra primers SSP-PCR technique as described 
previously [41]. The four different primer combinations 
are illustrated in Table 1. In summary, the outer primers 
of the SNPs − 1082G/A and − 819C/T produce the con-
firmative amplicon for the SNP’s 5′ UTR and promoter 
region. By mismatching the primer’s 3′ end, the inner 
reverse primers were created for the mutant allele. In 
order to improve specificity, the third nucleotide of the 

3′ end was mismatched. Two tubes were employed for 
the reaction, one for each allele, and each tube contains 
generic primer, sense primer ((G or A (− 1082G/A), C or 
T (− 819 C/T)), and internal control (reverse and forward 
primer). There was a 25-μl final volume for each process 
of PCR. 10  pmol of allele’s specific primer, 10  pmol of 
reverse primer, 3.5 pmol of each of the control primers, 
and 0.1  μg total amount of DNA were used. DreamTaq 
Green PCR Master Mix (2) (Fermentas) was used in the 
PCR preparations.

The PCR steps were as follows: 1 cycle at 94  °C for 
2 min,

then 5 cycles at 96 °C for 25 s, 70 °C for 45 s, and 72 °C 
for 20 s;

then 11 cycles at 96 °C for 25 s, 65 °C for 50 s, and 72 °C 
for 45 s;

and in the end 15 cycles at 96 °C for 25 s, 55 °C for 60 s, 
and 72 °C for 2 min.

After amplification, the PCR products of the con-
trol primer produced an amplicon of 429  bp, and the 
amplicons of the − 1082 and − 819 primers were 258  bp 
(Fig.  1a) and 233  bp (Fig.  1b), respectively. The size of 
PCR products was assessed in relation to the migration 
of a 100  bp step ladder (Fermentas) using a 2% agarose 
gel in 0.5X TAE buffer stained with ethidium bromide.

2.3 � Measurement of IL‑10’s plasma levels.
Plasma was collected from all patients and controls and 
was separated by centrifugation at 2000 rpm for 15 min 
at 4 °C, aliquoted, and stored at − 80 °C. The total concen-
trations of IL-10 in plasma samples were measured using 
a commercial ELISA kit (R&D System, Inc., Minneapolis, 
MN), according to the manufacturer’s instructions.

The plasma of all patients and controls was collected 
and separated by centrifugation at 1500 rpm for 10 min 
at 4  °C, aliquoted, and kept at − 80  °C. Total IL-10 con-
centrations in plasma samples were determined using a 

Table 1  Primer sequences for amplification of IL-10 SNPs at locations (− 1082 G/A and − 819 C/T)

IL-10 SNP position Primera Sequence PCR 
product 
size (bp)

 − 1082G/A G (sense) 5′-CTA​CTA​AGG​CTT​CTT​TGG​GAG-3’ 258 bp

A (sense) 5′-ACT​ACT​AAG​GCT​TCT​TTG​GGAA-3′

Generic (antisense) 5′-CAG​TGC​CAA​CTG​AGA​ATT​TGG-3′

 − 819C/T C (sense) 5′-CCC​TTG​TAC​AGG​TGA​TGT​AAC-3′ 233 bp

T (sense) 5′-ACC​CTT​GTA​CAG​GTG​ATG​TAAT-3′

Generic (antisense) 5′-AGG​ATG​TGT​TCC​AGG​CTC​CT-3′

Control Internal control (sense) 5′-GCC​TTC​CCA​ACC​ATTCECTTA-3′ 429 bp

Internal control (antisense) 5′-TCA​CGG​ATT​TCT​GTT​GTG​TTTC-3′
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commercial ELISA kit (R&D System, Inc., Minneapolis, 
USA) and the manufacturer’s instructions.

2.4 � Statistical analysis
The Statistical Package for the Social Sciences (SPSS) 
version 25 (SPSS, IBM, USA) was used for all statistical 
analyses. The independent t test was employed for the 
comparison of groups of healthy control and OC. Data 
were given as means with associated standard devia-
tions (SDs). To compare the same group’s ELISA results 
and genotypes/haplotypes, a one-way ANOVA test was 
employed. The post hoc analysis was used by LSD when 
the substantial difference between groups was present. 
To determine whether two variables were correlated, we 
used the spearman’s correlation test. The genotype dis-
tribution was analyzed using a single-degree-of-freedom 
chi-square test and checked for Hardy–Weinberg equi-
librium using DeFinetti software (http://​ihg.​gsf.​de/​cgi-​
bin/​hw/​hwa1.​pl).

The haplotype analyses and LD parameters (D0 and 
r2) were determined using the web application SNP stats 
(http://​bioin​fo.​iconc​ologia.​net/​SNPst​ats). The odds ratio 
(OR), which represents the probability of possessing a 
given allele if there is an incessant OC, as the p values 

and 95% confidence interval, was determined. P values 
below 0.05 were statistically critical, and all p values were 
2-tailed.

3 � Results
3.1 � Clinical and pathological characteristics of the patients
A total of 48 females were diagnosed with OC, and 48 
women found to be cancer-free were enrolled in this 
study. There is no substantial variation in age between 
the two groups (P > 0.05) which indicates that the match-
ing based on this variable was satisfactory. OC had a sta-
tistically strong positive association with age (r = 0.238; 
P < 0.05).

The specific clinicopathologic traits of OC patients are 
shown in Fig. 2. All of the malignant lesions were caused 
by surface epithelial carcinomas. Advanced FIGO stages 
III and IV made up 34 (70.83%) of the patients’ diagno-
ses, followed by stages I (18.75%), II (10.41%). The most 
frequent malignant tumor was papillary serous cystad-
enocarcinoma, which accounted for 56.25% (27/48) of 
patients.

In ovarian cancer, there was a substantial rise in ALT 
and AST, as well as BUN and CA125 levels. While the 
count of white blood cells and albumin concentrations 

Fig. 1  a IL-10 (− 1082G/A) PCR product. Lanes (2 and 3) and (6 and 7) are GG genotype; lanes (4 and 5) and (8 and 9) are GA genotype, lanes 
(10 and 11) are AA genotype, and lane (1) represents 100 bp DNA ladder. b IL-10 (− 819 C/T) PCR product. Lanes (4 and 5) and (8 and 9) are TT 
genotype, lanes (6 and 7) are CC genotype, lanes (10 and 11) have CT genotype, and lanes (1 and 12) represent 100 bp DNA ladder

http://ihg.gsf.de/cgi-bin/hw/hwa1.pl
http://ihg.gsf.de/cgi-bin/hw/hwa1.pl
http://bioinfo.iconcologia.net/SNPstats
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was substantially reduced in OC cases than in healthy 
females, there was no significant variation in Hb, PLT, 
Cr, or TB between OC and healthy women (P > 0.05) 
(Fig. 3). When biochemical markers and OC were com-
pared using Pearson correlation analysis, OC  showed a 
statistically significant positive association with CA125 
(r = 0.430; p = 0.000), AST (r = 0.391; p = 0.000), ALT 
(r = 0.507; p = 0.000), and BUN (r = 0.286, p = 0.005). 
OC demonstrated a statistically substantial inverse asso-
ciation with albumin production (r =  − 0.737; p = 0.000) 
and TLC (r =  − 0.311; P = 0.002). We demonstrated no 
substantial association of T. Bil., PLT, HB, or Creat. with 
OC (P > 0.05).

3.2 � Association between promoter polymorphisms 
of IL‑10 gene and ovarian cancer

The genotype distributions of IL-10 gene polymor-
phisms among groups (1) and (2) were all according to 
the expected Hardy–Weinberg equilibrium, since there 
was no significance in testing their genotypes’ diver-
gence from equilibrium, in the controls (− 1082A > G, 
χ2 = 0.904, P = 0.44; − 819C > T, χ2 = 0.884, P = 0.739), in 
the OC (− 1082A > G, χ2 = 2.868, P = 0.625; − 819C > T, 
χ2 = 10.03, P = 0.416). As a result, we used the two poly-
morphisms to compare cases to controls.

IL-10 (− 1082 and − 819) allele and genotype distri-
butions of both OC patients and controls are illustrated 
in Table  2. To calculate the risk of the dominant model 
(GA + AA vs. GG), the recessive (AA vs. GG + GA), 
and the models 1, 2 (codominant) (GA vs. GG and AA 
vs. GG), the frequencies of persons homozygous for the 
wild-type allele of IL10-1082 G > A (GG) were used as a 
reference.

As seen in the codominant pattern, there are GA 
(mutant kind that is heterozygous) vs GG (wild kind 
that is homozygous) (P > 0.05; OR = 0.52; 95% CI = 0.19–
1.41) and AA (mutant kind that is homozygous) vs GG 
(P < 0.05; OR = 0.15; 95% CI = 0.04–0.63).

There was a substantial drop (p < 0.05) in the AA gen-
otype’s frequency of OC’s patients in comparison with 
control. It was thought that the substitution might guard 
against OC in its homozygous form. On the other hand, 
it showed that both OC and controls had higher rates of 
the GA genotype (Table 2).

As seen in the dominant pattern (GA + AA vs GG), 
IL10 (− 1082G > A) substitution was insignificantly 
decreased in OC (P > 0.05; OR = 0.40; 95% CI = 0.15–
1.05) (Table  2). Additional research utilizing the reces-
sive pattern (AA vs GG + GA), (P < 0.05; OR = 0.24; 95% 
CI = 0.07–0.82) reported that G > A substitution may be 
a protective factor for OC in the homozygous form and 
that the best-fitting model of inheritance is the recessive 
pattern (based on BIC and AIC) (Table 2).

Furthermore, G (wild allele)’s frequency elevated con-
siderably (p < 0.05), and A (mutant allele)’s frequency was 
considerably decreased (p < 0.05) in OC cases in compari-
son with controls. On the other hand, the controls had a 
higher prevalence of A (mutant allele) than the OC group 
did and considered a preventative factor (OR = 0.487 
with CI = 0.273–0.867), whereas in comparison with the 
controls, the OC group had a higher prevalence of the G 
(wild allele) and was considered a risk factor (OR = 2.054 
with CI = 1.154–3.657) (Table 2).

In IL10-819 C > T, to evaluate the risk of domi-
nant inheritance (CT + TT vs. CC), the frequencies 
of subjects homozygous for the wild-type allele of 

Fig. 2  Clinicopathological profiles of ovarian cancer. Pie charts showing distribution of various parameters in ovarian cancer A Histological types, B 
FIGO grading, and C FIGO staging
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IL10 − 819C > T (CC) were used as a reference, reces-
sive (TT vs. CT + CC), and patterns 1, 2 (codominant) 
(CT vs. CC, TT vs. CC). The codominant pattern, 
CT (mutant kind that is heterozygous) vs CC (wild 
kind that is homozygous) (P < 0.001; OR = 9.44; 95% 

CI = 2.52–35.40) and TT (mutant kind that is homozy-
gous) vs CC (P < 0.001; OR = 18.33; 95% CI = 3.46–
97.20), suggested a substantial rise (P < 0.001) in the 
genotype’s distribution of TT and CT in OC in com-
parison with controls. The substitution was thought 

Fig. 3  Biochemical parameters compared to control and OC groups, with *P0.05, **P0.01, and ***P0.001 significance levels. Abbreviations: ALT, 
Alanine aminotransferase; AST, aspartate aminotransferase; CA125, cancer antigen 125; BUN, blood urea nitrogen; and TLC, total leucocytic count
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to increase the risk of OC in the heterozygous and 
homozygous forms.

Furthermore, it showed that both OC and controls 
had a higher prevalence of the CT genotype.

The dominant model (CT + TT vs CC) was found 
to have significantly higher levels of IL10 (− 819C > T) 
substitution in OC (P < 0.001; OR = 10.71; 95% 
CI = 2.91–39.39), suggesting that C > T substitution 
perhaps a hazard factor for OC and the dominant pat-
tern is the most-fitting pattern of inheritance (BIC 
and AIC results). Another analysis utilizing the reces-
sive pattern (TT vs CC + CT), (P < 0.05; OR = 3.27; 
95% CI = 0.96–11.13) (Table  2). Furthermore, it was 
discovered that T (mutant allele)’s frequency was 
significantly more common (P < 0.05) in OC cases 
in comparison with controls, and it is possible that 
this variant may be a hazard factor for the illness 
(OR = 2.800, 95% CI = 1.577–5.037). C (wild allele), on 
the other hand, may act as a protective factor for OC 
as it was significantly less common (P < 0.05) in OC’s 
patients in comparison with controls (OR = 0.357, 95% 
CI = 0.199–0.642) (Table 2).

3.3 � IL‑10 polymorphisms (− 1082 and − 819) haplotype 
frequencies in healthy individuals and people 
with ovarian cancer

By estimating the IL-10 haplotypes’s frequencies of 
(− 1082G/A) and (− 819C/T), 4 haplotypes have pro-
duced: GC, AC, AT, and GT. GC was the most perma-
nent haplotype in healthy women, while GT was the 
highly prevalent haplotype in OC. When OC cases were 
compared to controls, the GT haplotype frequency 
increased substantially (p < 0.001), and this finding 

Table 2  IL-10 (-1082G/A and -819C/T) genotype distribution and allelic frequency in healthy controls and patients with ovarian cancer

P value and the odds ratio (OR) were estimated using the SNP Stats software

IL interleukin; OR odds ratio; CI, confidence interval; AIC, Akaike information criterion; and BIC, Bayesian information criterion

Cytokine gene Control (N = 48) Ovarian cancer 
(N = 48)

P value OR(95%CI) AAIC BBIC

IL-10 (-1082 G > A) Genotype (N, %)

Codominant model (GA, AA vs GG) GG 8 (16.7%) 16 (33.3%) P < 0.05 1.00 131 136.2

GA 27 (56.2%) 28 (58.3%) NS 0.52 (0.19–1.41)

AA 13 (27.1%) 4 (8.3%) P < 0.05 0.15 (0.04–0.63)

Dominant model (GA + AA vs GG) GA + AA 40 (83.3%) 32 (66.7%) NS 0.40 (0.15–1.05)

Recessive model (AA vs GG + GA) GG + GA 35 (72.9%) 44 (91.7%) P < 0.05 1.00

AA 13 (27.1%) 4 (8.3%) P < 0.05 0.24 (0.07–0.82)

Allele frequency (N, %)

G 43 (45.0%) 60 (62.0%) P < 0.05 2.054 (1.154–3.657)

A 53 (55.0%) 36 (38.0%) P < 0.05 0.487 (0.273–0.867)

IL-10 (-819 C/T) genotype (N, %)

Codominant model (CT, TT vs CC) CC 20 (41.7%) 3 (6.2%) P < 0.001 1.00 119 124.1

CT 24 (50.0%) 34 (70.8%) P < 0.001 9.44 (2.52–35.40)

TT 4 (8.3%) 11 (22.9%) P < 0.001 18.33 (3.46–97.20)

Dominant model (CT + TT vs CC) CT + TT 28 (58.3%) 45 (93.8%) P < 0.001 10.71(2.91–39.39)

Recessive model (TT vs CC + CT) CC + CT 44 (91.7%) 37 (77.1%) P < 0.05 1.00

TT 4 (8.3%) 11 (22.9%) P < 0.05 3.27 (0.96–11.13)

Allele frequency (N, %)

C 64 (67.0%) 40 (42.0%) P < 0.05 0.357 (0.199–0.642)

T 32 (33.0%) 56 (58.0%) P < 0.05 2.800 (1.577–5.037)

Table 3  Haplotype frequencies of the IL-10 (− 1082 and − 819) 
polymorphisms in healthy individuals and patients with ovarian 
cancer

Haplotype Control 
group 
(N = 48) %

Ovarian 
cancer 
(N = 48) %

P value OR (95% CI)

GC 41.78 22.76 NS 1.00

AC 24.89 18.91 NS 1.28 (0.30–5.52)

GT 3.02 39.74 P < 0.001 50.09 (6.34–
395.92)

AT 30.32 18.59 NS 1.35 (0.42–4.36)
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could be seen as a hazard factor for OC (OR = 50.09 
with CI = 6.34–395.92) (Table 3).

3.4 � Correlations between IL 10 SNPs in OC
Spearman correlation analyses were performed for IL 10 
(− 819C/T and − 1082 G/A) alleles and genotypes among 
OC’s patients. The AA genotype has a poor disease cor-
relation in IL 10-1082 G/A (r =  − 0.246; P < 0.05).

The association between the OC disease and the 
TT and CT genotypes, and T allele in IL 10–819 C/T 
is positive (r = 0.213; P < 0.05, r = 0.201; P < 0.05, and 
r = 0.415; P < 0.001, respectively), while the disease 
has a negative correlation with the CC genotype and C 
allele (r =  − 0.415; P < 0.001 and r =  − 0.201; P < 0.05, 
respectively).

There was not any significant correlation between all 
genotypes or alleles of two SNPs of IL 10. This result 
might be supported by the result of the linkage disequi-
librium (LD) pattern (D′ = 0.1315, r2 = 0.016; p = NS) 
which indicates the absence of any level of LD between IL 
10 − 1082 G/A and IL 10 − 819 C/T.

3.5 � Correlation between promoter polymorphisms of IL‑10 
gene and IL‑10 plasma levels

Compared to healthy controls, OC patients’ mean 
plasma concentrations of IL-10 were substantially greater 
(P < 0.001) than those of the controls (49.17 ± 18.01 ver-
sus 34.23 ± 10.34  pg/ml for OC and controls, respec-
tively) (Fig.  4A). OC was substantially correlated with 
IL-10 level (r = 0.457; p < 0.001).

In both controls and OC patients, comparisons 
between IL-10’s plasma concentrations in various geno-
types and haplotypes are shown in Table 4 and Fig. 4. In 
IL-10 (− 1082 G/A), the mean concentrations of IL10 
plasma in persons with AA and GA genotypes were 
increased substantially (P < 0.05 and P < 0.001, respec-
tively) in OC cases in comparison with controls. Addi-
tionally, persons with the G (wild allele) and A (mutant 
allele) had plasma concentrations of IL-10 that were con-
siderably higher (P < 0.001) in OC cases than in healthy 
women. Plasma levels of IL-10 were higher in OC cases 
with the GG genotype, but there was no substantial dif-
ference (Fig. 4B).

Fig. 4  IL10 levels (pg/ml) in connection to A control and OC groups, B IL10 (− 1082 G/A) genotypes and alleles in healthy and OC groups, C IL10 
(− 819 C/T) genotypes and alleles in healthy and OC groups, and D IL10 haplotypes in healthy and OC groups. Results are given as the mean ± the 
standard error. ***p < 0.001; **p < 0.01; *p < 0.05. Box plots are used to display the data, with the 10th and 90th percentiles indicated by the lines 
outside the boxes, the medians by the lines inside the boxes, and the 25th and 75th percentiles by the boxes
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In IL-10 (− 819 C/T), the IL-10 level was significantly 
higher in OC cases with CT genotype (P < 0.001). C (wild 
allele) and T (mutant allele) were also elevated substan-
tially (P < 0.001) in OC cases. The IL-10’s plasma con-
centration was elevated in OC cases with CC and TT 
genotypes but without a statistical significance (Fig. 4C).

When IL-10 levels were compared to different IL-10 
haplotypes, it was discovered that the AC, AT, and GT 
haplotypes had significantly higher levels (P < 0.001, 
P < 0.001, and P < 0.01, respectively) in OC cases. OC 
patients with the GC haplotype had greater plasma levels 
of IL-10, but there was no statistically substantially vari-
ance (Fig. 4D).

Between the haplotypes or genotypes of IL-10 gene 
polymorphisms, the plasma level of IL-10 showed no 
discernible variation for two SNPs (P > 0.05). These find-
ings demonstrated that no one gene, allele, or haplotype 
might be the cause of the increased levels of IL-10 in OC 
patients’ plasma.

3.6 � Plasma IL‑10 with biochemical characteristics 
of patients and controls correlations

Following investigation to see whether the biochemi-
cal traits of healthy controls and OC’s patients were 

correlated with the levels of IL-10 plasma, a statistically 
significant positive relationship existed between IL-10 
and CA125 and ALT. IL-10 and albumin showed a strong 
negative association (Fig.  5), whereas the correlation of 
IL10 plasma level with BUN, AST, T. Bil., TLC, PLT, Cr., 
and HB has not any significant value (P > 0.05).

3.7 � Differential manifestation of biochemical 
characteristics in patients according to the IL‑10 
genotypes

In OC patients with different genotypes of − 819 C/T and 
IL10-1082 G/A, the mean concentrations of CA125, AST, 
ALT, BUN, TLC, and ALB were comparable, as indicated 
in Table 5. Two SNPs had no discernible impact on the 
plasma level of any biochemical parameter (P > 0.05). 
These findings found that the elevation of these param-
eters in the OC cases’ plasma could not be attributed to 
any particular genotype, allele, or haplotype.

4 � Discussion
The most fatal kind of gynecologic cancer in the world 
is OC [3]. The majority of OC patients have incurable, 
advanced-stage diseases when they first present, so 
there is a high case fatality rate for OC. Only 25% of OC 
patients were a stage I diagnosis [42]. Only 70.83% (34 
females) of the OC cases in the current study had FIGO 
(III and IV) stages. Braicu EI. [43] reported FIGO (III 
and IV) stages were encountered in 82.6% of OC cases. 
Considerable efforts have been devoted to the search 
for novel OC markers. Because of their influence on 
cell activation, proliferation, differentiation, and migra-
tion, cytokines found in the tumor microenvironment 
have obtained a lot of attention, and they are becoming 
more well acknowledged as possible cancer-modifying 
genes [44]. IL-10 may aid tumor cell survival by allow-
ing them to evade immune monitoring and promote 
tumor development [19] and may also protect malignant 
cells by inhibiting tumor-specific cell lysis mediated by 
cytotoxic T lymphocytes [45]. IL-10’s anti-angiogene-
sis impact, on the other hand, could prevent malignant 
tumors from growing and spreading [21]. The control of 
the immune system by IL-10’s pleiotropic effects, com-
bined with polymorphic expression modulation, adds to 
the difficulty of interpretation, particularly in the context 
of disease pathogenesis [46]. Some studies have reported 
that the upregulation of IL-10 is related to tumorigenesis, 
autoimmunity, and resistance of transplantation [10, 47]. 
IL-10 protects the antigen absorption function of anti-
gen-presenting cells (APCs) by inhibiting the traditional 
maturation process [48]. IL-10 suppresses the expression 
of several genes, including pro-inflammatory cytokines, 
chemokines, and chemokines receptors [49]. Concerning 
its suppressive activities on T lymphocytes, IL-10 helps 

Table 4  Interleukin IL-10 mean plasma concentrations in 
controls and OC patients according to gene polymorphism (1082 
G/A and 819 C/T)

*P < 0.05, **P < 0.01 and ***P < 0.001

Data are reported as mean ± SE. Data were analyzed using Student’s t test

SE standard error

Genotype Control Ovarian cancer P value

(N = 48) (N = 48)

(Mean ± SE) (Mean ± SE)

IL-10 (− 819 C/T) (pg/ml) (N)

C/C (20, 3) 33.07 ± 2.60 38.40 ± 3.98 NS

C/T (24, 34) 35.22 ± 1.95 51.98 ± 3.32 P < 0.001

T/T (4, 11) 34.15 ± 5.02 43.41 ± 4.00 NS

C (44,37) 34.24 ± 1.58 50.88 ± 3.12 P < 0.001

T(28,45) 35.06 ± 1.78 49.88 ± 2.73 P < 0.001

IL-10 (− 1082 G/A) (pg/ml) (N)

G/G (8, 16) 38.02 ± 2.26 45.42 ± 3.12 NS

G/A (27, 28) 33.48 ± 2.24 50.27 ± 3.95 P < 0.001

A/A (13, 4) 32.78 ± 2.50 56.40 ± 7.21 P < 0.05

G (35,44) 34.52 ± 1.82 48.51 ± 2.75 P < 0.001

A (40,32) 33.25 ± 1.70 51.04 ± 3.55 P < 0.001

Haplotype

GC (34,14) 39.16 ± 3.07 50.40 ± 5.56 NS

AC (36,25) 33.15 ± 1.82 53.58 ± 4.22 P < 0.001

AT (27,30) 34.67 ± 1.80 52.11 ± 3.71 P < 0.001

GT (18,41) 36.40 ± 2.22 49.25 ± 2.91 P < 0.01
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stimulating the survival, differentiation, and proliferation 
of B lymphocytes. It promotes the synthesis of IgG4 by 
plasma cells [50–52].

IL10’s expression is elevated in the tumor microenvi-
ronment (TME) of OC patients as well as patients with 
other cancers [53–55], it can also act on most immune 

Fig. 5  Correlation between IL10 (pg/ml) with A CA125, B albumin, C ALT, D AST, E BUN, F creatinine, G HB, H PLT, I T. Bil, and J TLC among OC and 
control groups, Pearson’s correlation coefficient. *P < 0.05, **P < 0.01, and ***P < 0.001. Abbreviations: IL, interleukin; AST, aspartate aminotransferase; 
ALT, alanine aminotransferase; BUN, blood urea nitrogen; CA125, cancer antigen 125; and TLC, total leucocytic count
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cells and suppress their effector responses [56], and it can 
increase programmed cell death-1 (PD-1) surface expres-
sion in a signal transducer and activator of transcription 
3 (STAT-3)-dependent manner. T cells, B cells, mono-
cytes, macrophages, natural killer (NK) cells, and den-
dritic cells (DC) all express the inhibitory PD-1 receptor, 
which inhibits antitumor effector responses in the tumor 
microenvironment [57, 58].

Different endogenous and external stimuli drive the 
synthesis of IL-10, but some allelic variations of the IL-10 
gene are linked with changes in IL-10 levels. To see if a 
genetic variant is linked to an illness, researchers per-
formed genetic association studies. Because it modulates 
both humoral and cellular immunity, in the pathologic 
mechanisms of autoimmune disorder, inflammatory dis-
orders, and several cancers, IL-10 has been identified as a 
potential gene [46, 56, 57].

The most significant bi-allelic SNPs, located at loca-
tions − 1082G/A, − 592 C/A, and − 819 C/T, have been 
found to be present in the proximal promoter region of 
IL-10 [58]. In the IL-10 promoter gene, two SNPs (− 592 
C/A and − 819 C/T) were previously discovered to be 
in linkage disequilibrium [59]. As a result, only − 1082 
and − 819, two of the three polymorphism sites, were 
investigated, and IL-10 promoter haplotypes and geno-
typing of IL-10-592C/A were discarded in this study. Our 
study included 48 OC cases and 48 controls. Our study 
at the -1082G/A position determined distribution of the 
genotypes in OC which was as follows: The GG, GA, and 
AA were encountered in 33.3%, 58.3%, and 8.3%, respec-
tively; in the − 819 C/T, the TT, CT, and CC genotypes 
were shown in 22.9%, 70.8%, and 6.2%, respectively. Bra-
icu EI. [43] demonstrated the polymorphism of the IL-10 
promoter gene in the − 1082 G/A, and the distribution 
of the genotypes was as follows: The GG, GA, and AA 
were encountered in 17%, 55.8%, and 27.2%, respectively; 
in the − 819 C/T, the TT, TC, and CC genotypes were 

present in 5.4%, 43.5%, and 51%, respectively. The lym-
phoid or myeloid cells that invade or are linked to ovarian 
tumors may be the most frequent source of IL-10 found 
in OC patients, or it may be expressed in the malignant 
tissues of EOC [60]. The concentration of plasma IL-10 in 
OC cases was considerably higher than in healthy females 
in our investigation. These results were in agreement 
with previously published data [43, 61–64]. Several stud-
ies have also found that people with specific malignancies 
had significantly higher levels of IL-10 expression such as 
gastric cancer (GC), [65, 66], hepatocellular carcinoma 
(HCC) [17], and non-Hodgkin lymphoma (NHL) [67]. 
These findings suggest that IL-10 may influence tumor 
evasion of the immunological response functions by sup-
pressing Th1-type cytokine production, particularly IL-2, 
as a result of its un intended immunosuppressive prop-
erties. Individual genetic variations have been found 
to have an impact on the host’s response to malignant 
tumors [68]. It has been discovered that the 1082G > A 
alleles in the promoter region of the human IL-10 gene 
physically interact with a nuclear protein known as poly 
(ADP-ribose) polymerase1 (PARP-1) in an allele-specific 
manner, resulting in different levels of IL-10 transcrip-
tion. They discovered that PARP-1 functions as a tran-
scription repressor [69].

Similar to the research of Braicu EI, our investigation 
on the genotyping of IL-10-1082G/A found that GA was 
more common in both OC and controls [43]. According 
to our findings, the distribution of the AA genotype and 
the A (mutant allele) decreased substantially and the G 
(wild allele) substantially elevated in OC cases in com-
parison with healthy women. Around 55% of healthy 
women have the A (mutant allele), it could imply that it 
plays a protective role, while the G (wild allele) was con-
sidered a hazard factor for OC.

The studies of Makni et al. [70] in head and neck can-
cer (HNC) and nasopharyngeal carcinoma (NPC), Sabet 

Table 5  Biochemical features of the ovarian cancer patients, according to the IL-10 genotypes

Information is presented as mean ± SE

ALT alanine aminotransferase; AST aspartate aminotransferase; CA125 cancer antigen 125; BUN blood urea nitrogen; SE standard error; and TLC total leucocytic count

***P < 0.001, **P < 0.01, and *P < 0.05

Genotype IL10-1082G/A P IL10-819C/T p

GG GA AA CT CC TT

CA125(U/ml) 151.10 ± 54.91 208.01 ± 51.4 55.12 ± 7.95 NS 187.51 ± 43.31 80.30 ± 15.47 167.81 ± 78.61 NS

AST(IU/L) 35.31 ± 6.37 33.00 ± 2.72 17.75 ± 3.68 NS 32.64 ± 3.72 29.66 ± 3.71 32.81 ± 2.84 NS

ALT(IU/L) 36.00 ± 6.40 35.60 ± 2.80 26.25 ± 3.75 NS 36.85 ± 3.65 24.66 ± 1.66 31.90 ± 2.62 NS

BUN(mg/dl) 11.68 ± 1.04 10.71 ± 0.57 14.50 ± 2.32 NS 11.61 ± 0.67 9.00 ± 0.57 11.18 ± 0.92 NS

TLC(1000/mm3) 6.30 ± 0.62 6.28 ± 0.40 5.05 ± 0.67 NS 6.34 ± 0.39 6.46 ± 2.14 5.62 ± 0.40 NS

ALB(g/dl) 2.91 ± 0.14 3.27 ± 0.10 3.42 ± 0.10 NS 3.26 ± 0.08 2.63 ± 0.52 3.00 ± 0.20 NS



Page 12 of 16Almolakab et al. Beni-Suef Univ J Basic Appl Sci          (2022) 11:141 

et al. [20] in breast cancer, Kuo et al. [71] in gastric cancer 
(GC), and Tsai et  al. [72] in nasopharyngeal carcinoma 
(NPC) reported that the IL10-1082GA genotype was 
linked to a rise of cancer risk, that is, different from the 
current study, whereas we found an insignificant increase 
in GA genotype frequency in OC compared with con-
trols, while the study of Goud et  al. [73] suggested that 
GA genotype may have not influence with oral squamous 
cell carcinoma (OSCC) susceptibility, consistent with our 
study.

In accordance with our findings, Wang et  al.’s meta-
analysis [45] revealed that in Asians, lung cancer, and 
non-lymphoma, Hodgkin’s participants with the GG gen-
otype and G (wild allele) had a greater chance of develop-
ing cancer than those with the AA genotype. A research 
by Kuo et al. [71], in the Taiwanese population, reported 
that AA genotype and A (mutant allele) carriers demon-
strated an increased risk for gastric cancer (GC) which is 
contradictory to our findings. Shamran et al. [74] estab-
lished that the G (wild allele) plays a preventive effect in 
glioma which is inconsistent with our findings.

Contrary to our findings, the allelic and genotypic dis-
tributions of the IL-10 (− 1082) polymorphisms were not 
substantially different between the healthy group and OC 
cases in the study by Braicu EI. [43, 75].

Also, several findings were reporting no (significant dif-
ference) association of IL10 − 1082G/A SNP with various 
types of cancers as a non-Hodgkin lymphoma [76], cervi-
cal cancer [77], gastric cancer [78], colorectal cancer [79], 
prostate cancer [80], breast cancer [23], and diffuse large 
B cell lymphoma DLBCL [67].

In our study, the average plasma levels of IL10 in 
the participants with GA, AA genotypes, and G (wild 
allele), A (mutant allele) were elevated substantially but 
were insignificantly higher in OC with GG genotype. In 
line with the current findings, the study by Braicu EI. 
[43] discovered that OC persons with the AA genotype 
had plasma concentrations of IL-10 that were consid-
erably greater than controls. Braicu EI. [43] found that 
plasma levels of IL-10 were substantially elevated in OC 
individuals with GG genotypes compared to controls 
which were inconsistent with our results. Braicu EI. 
[43] found that plasma concentration of IL-10 was sub-
stantially elevated in controls with GA genotype which 
is inconsistent with the current results. Also, Braicu 
EI. [43] found that the highest expression was linked 
to the − 1082 AA genotype in the OC group and with 
the lowest expression in the controls which is similar 
to our findings. Braicu EI. [43] found that the highest 
expression was associated with the − 1082 GA geno-
type in the control group which is different from our 
results which reported that the highest expression was 
associated with the − 1082 GG genotype in the healthy 

control. In contrast to our findings, Trifunovi et al. [46] 
revealed that non-small cell lung cancer, diffuse large 
B cell lymphoma, cervical cancer, and oral cancer are 
all connected with and promoted the development of 
pathological processes by high expression of − 1082 G 
(wild allele).

Our research found that both OC and controls had an 
increased frequency of the IL-10-819 CT genotype. The 
study of Braicu EI. [43] showed that CC was more fre-
quent in OC and controls which are different from our 
study. According to our findings, the distribution of CC 
genotype and C (wild allele) was substantially reduced, 
and the frequencies of TT, CT genotypes, and allele T 
were substantially higher, in OC patients in comparison 
with healthy women, indicating that the substitution was 
thought to be a hazard factor for OC in both heterozy-
gous and homozygous forms. Contrary to our findings, 
the investigation by Braicu EI. [43] revealed that the con-
trol group and OC showed no statistically substantial 
changes in the distributions of genotypic and allelic fre-
quencies at the IL-10 (− 819C/T) polymorphisms. Our 
results are consistent with a meta-analysis of 73 studies 
involving 15,942 cancer cases and 22,336 controls pub-
lished in 2013 by Yu et al. [38] that discovered that people 
with CT genotypes had a greater risk of developing OC, 
but they demonstrated that Asians’ − 819TT genotype 
was more preventive against stomach cancer, inconsist-
ent with our results. Consistent with our results in ovar-
ian cancer, Sabet et  al. [20] and Yu et  al. [38] reported 
that the CT genotype seems to take on a significant role 
in inflammatory breast cancer (IBC) and cervical cancer, 
respectively.

The studies of Martínez-Camposet al. [78] in Mexican 
population and meta-analyses (Yu et  al. and Xue et  al. 
[38, 81]) indicated a substantial drop in the TT geno-
type frequency in gastric cancer patients in comparison 
with controls and regarded as a stomach cancer preven-
tive factor, which is inconsistent with the current results, 
while Makni et  al. [70] suggested a positive correlation 
with HNC, NPC, and laryngeal cancer (LC) was observed 
for -819 TT genotype, similar to our results. On contrary, 
IL10 − 819C/T SNP was not connected to prostate can-
cer, hepatocellular carcinoma, breast cancer, colorectal 
cancer, lymphoma, or melanoma according to Yu et  al. 
[38].’s meta-analysis [38].

According to our findings, OC patients with the CT 
genotype, C (wild allele), and T (mutant allele) had 
plasma concentrations of IL-10 that were substantially 
elevated than those in OC cases with the CC and TT 
genotypes, but not by a statistically significant amount. 
We reported the lowest expression was associated with 
the − 819 CC genotypes and the highest expression was 
associated with the − 819CT in the OC group.
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Consistent with the current results, the study of 
Braicu EI. [43] demonstrated that IL-10’s plasma level 
was substantially elevated in OC individuals with CT 
genotype compared with controls, while plasma con-
centration of IL-10 was substantially elevated in OC 
individuals with TT genotypes compared to controls 
which were inconsistent with our results. Also, Braicu 
EI. [43] reported the lowest expression was associated 
with the − 819 CC genotypes in the OC group which 
is similar to our findings. Braicu EI. [43] reported 
that high levels of circulatory IL-10 are linked to the 
CC genotype in the healthy control, inconsistent with 
current results, whereas we reported CT genotype is 
connected to increased circulating IL-10 levels in the 
group of controls. The − 819TT genotype is linked to 
a lower level of IL-10 in individuals with colon cancer 
[46], which is different from our results.

The goal of our research was to see if polymorphisms 
are linked to IL-10 production differences. The rise in 
IL-10 production concentration in OC cases is irre-
spective of the patient’s genotypes in the IL-10 (− 819) 
or IL-10 (− 1082) loci, according to our findings, which 
are similar to those of Braicu EI [43].

Pairwise haplotypes were rare in previous findings, 
and the results were contradictory. In the present study, 
several haplotypes have found: GC, AC, GT, and AT. 
The most prevalent haplotype in controls was GC, but 
the most prevalent haplotype in OC was GT. In the 
Egyptian population, Talaat et al. [67] showed that the 
GC was the most prevalent haplotype in diffuse large B 
cell lymphoma (DLBCL) patients, whereas the AC was 
the most popular haplotype in healthy women. Accord-
ing to Mohammadi et al.’s study [82] in the Iranian pop-
ulation, both controls and SLE patients have the AT as 
their most common haplotype.

Similar to what we found, Talaat et  al. [67] showed 
that the GT is the lower one in controls. Our study 
found AT is the lower one in OC patients, while Talaat 
et al. [67] found that the GT is the lower one in DLBCL 
patients. Mohammadi et al. [82] reported that the AC is 
the lower one in both groups.

In our results, the frequency of GT haplotype exhib-
ited a substantial rise in OC in comparison with healthy 
women and can be viewed as an OC risk factor. Talaat 
et al. [67] study in DLBCL patients and Makni et al. [70] 
in HNC and NPC, similar to our study, found that the 
frequency of GT haplotype demonstrated a substantial 
rise in patients when compared to healthy women and 
may be a hazard factor for disease. Mohammadi et  al. 
[82] reported that frequencies of GC and AC haplo-
types showed a significant increase in systemic lupus 
erythematosus (SLE) compared to controls and can be 

viewed as an OC hazard factor for SLE in the Iranian 
population, inconsistent with our findings.

Furthermore, when IL-10 levels were compared to dif-
ferent IL-10 haplotypes in the current study, it was dis-
covered that IL10 levels are substantially elevated in OC 
cases with the AC, AT, and GT haplotypes. Inconsistent 
with our study, Mohammadi et al. [82] found that there 
were no discernible changes in IL10 plasma expression 
between the paired haplotypes.

In the current study, the levels of AST, ALT, CA125, and 
BUN all significantly increased, while the count of white 
blood cells and albumin concentration was substan-
tially reduced in OC cases than in healthy women, and 
no discernible differences existed in age, Hb, PLT, or T. 
Bil., and Cr between OC and healthy women. Celik et al. 
[83] in OC and Ma et al. [84] in lymph node enlargement 
patients suggested a substantial rise of CA125 in com-
parison with healthy women; similar to the current study, 
they reported insignificant difference in AST, ALT, and 
TLC between OC and healthy control, different from our 
results. Celik et al. showed a significant decrease of BUN 
and a substantial rise in PLT in OC cases when compared 
to healthy women, inconsistent with our study, and they 
did not find any significant difference of Hb between OC 
patients and control, similar to the current results. Incon-
sistence with the current study, Ma et  al. [84] reported 
a significant increase in T. Bil. and creatinine in lymph 
node enlargement patients. Ahmet et al. [76] in NHL and 
Ma et al. [84] in lymph node enlargement patients found 
a significant decrease in Hb level in patients versus the 
control group which is different from our study. Incon-
sistent with the current study, Talaat et al. [67] reported 
a significant increase in ALT and AST compared to con-
trol, similar to our study. Talaat et  al. [67] and Ahmed 
et  al. [76] demonstrated a significant decrease of ALB 
level in non-Hodgkin lymphoma (NHL) compared to 
control. Talaat et al. [67] and Ma et al. [84] did not find 
any significant difference of PLT between patients and 
control, similar to our results. Talaat et al. [67] suggested 
a significant increase in TLC, in contrast to our study.

Our results found that the gene polymorphism of IL10 
in OC cases does not affect on all biochemical param-
eters plasma level (P > 0.05). Similar to our study, Vural 
et al. [16] and Ahmed et al. [76] stated that IL10 (− 1082) 
genotypes had no impact on the laboratory outcomes in 
polycystic ovary syndrome (PCOS) and NHL patients, 
respectively. Karadeniz et al. [85] also found that the gene 
polymorphism of IL10 (− 1082G/A and − 819C/T) in 
PCOS cases does not affect on laboratory parameters.

Although it is difficult to confirm the causes of these 
conflicting results, it is possible that one of the key 
aspects is the various genetic backgrounds. These find-
ings suggested that various ethnic cultures may have 
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different functions for the same gene variation in cancer 
risk. Different racial and cultural backgrounds, contex-
tual circumstances, and sample size are some variables 
that could affect the association detection.

5 � Conclusion
The current research revealed an increase in the IL-10-
1082 G (wild allele) frequency that is significant, which 
might be a genetic hazard factor for OC progress. We 
suggested a significant decrease in IL-10-1082 AA and 
IL-10-1082 A (mutant allele) frequencies which can be 
considered as protective factors for OC. Additionally, 
the genetic risk factors for OC susceptibility may include 
the IL-10-819 TT, CT genotypes, and the IL-10-819 T 
(mutant allele), whereas the IL-10-819 C (wild allele) may 
act as a protective factor. GT haplotype could be consid-
ered a risk factor for OC. The differences that have been 
observed in the current study from earlier researches in 
other populations could be traced back to ethnic distinc-
tions. To corroborate our findings, larger prospective 
investigations are required. The sample size is a signifi-
cant concern in the current investigation because the 
genetic variants are population-specific. Based on these 
findings, only speculative generalizations can be made 
because of the sample size’s modest size. The findings 
ought to be reproduced in a greater population with vari-
ous polymorphic locations of the IL-10 gene in order to 
properly comprehend the probable link between cytokine 
gene polymorphisms and OC as well as how it interacts 
with additional genetical and environmental variables. 
Finally, ovarian cancer cells secrete IL10 to help tumor 
cells avoid immune surveillance and to hasten tumor 
progression and metastasis. We conclude that therapeu-
tic IL10 blockade warrants further investigation in the 
development of immunotherapeutic protocols for the 
treatment of ovarian cancer patients. As a result, novel 
antibody therapy with acceptable side effects is urgently 
required and regarded as a promising field of OC diagno-
sis and treatment research.
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