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Abstract

Introduction: We investigated the association between common variants in TGF-β1, IL-6 and the 
risk of ovarian cancer (OC) in Tunisian patients and control women.

Material, methods and results: Study subjects comprised 71 OC cases and 74 control women. 
Genotyping of TGF-β1 and IL-6 SNPs was done by real-time PCR. No differences were noted in the 
minor allele frequencies of the three TGF-β1 SNPs between OC patients and controls. However, marked 
differences in the distribution of TGF-β1 rs1800469 genotypes were seen between OC cases and con-
trols (p < 0.001), with TGF-β1 rs1800469 heterozygous (C/T) genotype being negatively associated 
with OC (OR [95% CI] = 0.24 [0.15-0.58]). The allelic and genotypic distributions at IL-6 polymor-
phisms showed a positive association between minor allele (G) at IL-6 rs1880242 variant (p = 0.0275;  
R [95% CI] = 1.88 [1.03-3.46]) and the occurrence of OC. In fact, the presence of T allele [G/T + T/T] 
decrease the risk of OC (p = 0.021; OR [95% CI] = 0.38 [0.17-0.88]). In addition, the Haploview 
analysis demonstrated high linkage disequilibrium (LD) between IL-6 SNPs and eight-locus haplotype 
analysis identified that GGAGGGGA and GGAGGGTA haplotypes are positively associated with OC 
risk. A negative association was shown between IL-6 haplotype (TGGGCCTA) and OC occurrence.

Conclusions: Our results suggest that TGF-β1 rs1800469, IL-6 rs1880242 variants and IL-6 haplo-
type (TGGGCCTA) have protective roles of OC risk. IL-6 haplotypes (GGAGGGGA and GGAGGGTA) 
increase OC susceptibility among Tunisian women.
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Introduction 
Ovarian cancer (OC) is one of the most common can-

cers in women worldwide, and a leading cause of death 
among gynecological malignancies [1]. The incidence of 
OC among Tunisian women was approximately 4/100,000, 
with an estimated 93 new cases diagnosed annually [2]. The 
pathogenesis of OC is not well characterized. In fact, most 
patients at diagnosis present with advanced stage of disease, 
and its treatment is refractory to chemotherapy and surgery 
[3]. The lack of available sensitive and specific screening 
tests, along with the identification of predictive and prog-
nostic factors, contributes to the aggravation of OC [4, 5]. 

It has been established that an inflammatory reaction 
is the underlying cause in the development of many types 
of cancers [6]. Molecular mechanisms causing inflamma-
tion-associated cancer include DNA damage disruption of 
immune response and alternation of the tumor microenvi-
ronment, which are all closely related to the disequilibrium 
of inflammatory cytokines [7, 8]. 

In this context, few studies have focused on identifying 
novel biomarkers associated with OC susceptibility, which 
in turn may facilitate diagnosis, and possibly clinical man-
agement [9-11]. Moreover, previous studies have shown 
that the growth and progression of OC result from a state 
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of immunosuppression, which facilitates tumor outgrowth 
protecting tumor from immune system controlled by cyto-
kines [12, 13]. Given their role in initiating and sustaining 
immunologic and inflammatory processes, a strong cor-
relation between chronic inflammation, cytokine expres-
sion, and OC development have been reported [14, 15]. 

Transforming growth factor β (TGF-β1) is a multi-func-
tional anti-inflammatory cytokine involved in the control 
of cell cycle and plays a role in carcinogenesis through 
regulating cellular growth, differentiation, adhesion, mi-
gration, and apoptosis [16, 17]. 

TGF-β1 reportedly affects early stage of cancer and 
promotes growth of cancerous cells in later stage [18]. 
The immunosuppressive role of TGF-β1 correlates with 
its overexpression in later stages of cancer and is depen-
dent on its level of expression by DNA variation in its 
promoter or regulatory sequences [19, 20]. The TGF-β1 
gene is located on chromosome 19, and several polymor-
phic variants in the promoter region of TGF-β1 gene have 
been shown to cooperate in modulating transcription factor 
binding and with the development of OC [21, 22]. Despite 
the importance of TGF-β1 in carcinogenesis, few studies 
evaluated the association of TGF-β1 gene polymorphisms 
and the risk of OC [22-25]. 

Interleukin 6 (IL-6), in contrast, is a pro-inflammato-
ry cytokine, with a critical role in inhibition of apoptosis, 
stimulation of cellular proliferation and angiogenesis, en-
hancing the invasive and metastatic potential of several 
cancers [26]. The human IL-6 gene is mapped to chromo-
some 7p21-24, composed of four introns and five exons, 
with an upstream promoter containing 303bp [27]. Previ-
ous studies demonstrated the involvement of this cytokine 
in different physiological and pathophysiological process-
es, such as bone metabolism, synthesis of CRP, and car-
cinogenesis progression [28, 29]. 

The IL-6 polymorphism has been regarded as a cru-
cial modulator in pathogenesis of various types of cancer 
[30-34]. However, allelic distributions of various poly-
morphisms in IL-6 gene could vary geographically and 
ethnically, thus leading to discordant findings between 
these polymorphisms and cancer risk. With respect to the 
gynecological cancers, it has been reported that increased 
IL-6 protein levels are associated with malignant ovarian 
tumors, endometriosis, and cervical cancer [35, 36]. There-
fore, in vitro studies have demonstrated that various ovar-
ian carcinoma cell lines produce IL-6, which is thought to 
be involved in ovarian carcinogenesis by mediating host 
immune responses to the disease [29, 37, 38]. 

The purpose of this pilot study was to investigate the 
contribution of TGF-β1 common variants (rs1800470, 
rs1800472, and rs1800469) and IL-6 polymorphisms 
(rs1880242, rs2069827, rs1800797 rs1800796, rs1800795, 
rs1474348, rs1474347, and rs2069845) to OC susceptibili-
ty among Tunisian population. 

Material and methods 

Study subjects 

This case-control study was performed between 2012 
and 2013 at Salah Azeiz Oncology Institute (SAI), Tu-
nis, Tunisia. Study subjects consisted of 71 patients with 
histologically confirmed OC and 74 age-matched healthy 
controls, with no malignancy, drug allergy, hypertension, 
diabetes, or cardiovascular disease. Clinical data was col-
lected through self-reported questionnaires, and tumor 
staging was evaluated according to the International Feder-
ation of Gynecology and Obstetrics (FIGO) classification 
(www.figo.org). Study subjects were from North Tunisia, 
and all women signed an informed consent to participate 
in the study. The study was approved by the local ethic 
committee of Salah Azeiz Oncology Institute. 

DNA extraction 

Blood samples were taken from all participants using 
EDTA-containing tube for total genomic DNA extraction 
shortly before radiation therapy or chemotherapy. Genom-
ic DNA was extracted using QIAamp DNA blood mini kit, 
according to manufacturer’s instruction (Qiagen GmbH, 
Hilden, Germany). 

Genotyping of TGF-β1 and IL-6 

SNPs in TGF-β1 and IL-6 genes were selected, based 
on minor allele frequency (MAF) of > 5% in Caucasians. 
TGF-β1 (rs1800470, rs1800472, and rs1800469) and IL-6 
(rs1880242, rs2069827, rs1800797 rs1800796, rs1800795, 
rs1474348, rs1474347, and rs2069845) genotyping was 
performed by allelic (VIC- and FAM-labeled) discrimina-
tion method. TaqMan assays, as assay-on-demand, were 
ordered from Applied Biosystems (Foster City, CA, USA). 
The reaction was performed in a 6 μl volume on StepOne/
StepOne Plus real-time PCR systems, according to man-
ufacturer’s instructions (Applied Biosystems, Foster City, 
CA, USA). Replicate blinded quality control samples were 
included to assess the reproducibility of genotyping reac-
tion, with concordance of > 99%. Additional quality con-
trol measures with direct DNA re-sequencing of patients 
(n = 40) and controls (n = 40) specimens (ABI 3130_l 
Genetic Analyzer; Applied Biosystems) were applied. 
A genotyping call rate exceeded 99%, with no significant 
differences between cases and control samples. 

Statistical analysis 

Statistical analysis was performed on SPSS v. 21.0 
(SPSS Inc., Chicago, IL, USA). Data was expressed as 
percentages of total (categorical variables) or as mean ±SD 
(continuous variables). Student’s t-test was used to deter-
mine differences in means, and Pearson-V2 or Fisher’s 
exact tests were used to assess inter-group significance. 
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Allele frequencies were calculated by the gene-counting 
method, and each polymorphism was tested for Har-
dy-Weinberg equilibrium with c² goodness-of-fit test 
using SNPStats software (http://bioinfo.iconcologia.net/
snpstats). LD analysis and haplotypes reconstruction was 
performed with Haploview 4.1 (http://www.broad.mit.edu/
mpg/ haploview). Bonferroni multiple comparison correc-
tion method was employed in calculating the corrected 
P (Pc) value: Pc = 1 – (1 – P)n, where n = number of 
comparisons. Logistic regression analysis was performed 
to determine odds ratios (OR) and 95% confidence inter-
vals (95% CI) associated with OC risk, taking the control 
women as the reference group. Statistical significance was 
set at p < 0.05. 

Results 

Study subjects 

Demographic and clinical characteristics of cases 
and controls are described in Table 1. Median age was  
51 years. Among OC patients, 36 (50.70%) were older than 
50 years and 43 (60.60%) were post-menopausal. Diagno-
ses of OC confirmed by histology according to FIGO re-
vealed 10 patients (14.10%) with stage I, 25 (35.20%) with 
stage II, 30 (42.30%) with stage III, and 6 cases (8.50%) 
with stage IV. The majority of histological types found 
included serious papillary cell carcinoma (49 patients, 
69.00%), followed by endometrioid (14 cases, 19.70%), 
mixed/others (7, 9.90%), and mucinous (1 patient, 1.40%). 

TGF-β1 and IL-6 alleles and genotype distribution 

The allelic distribution of three TGF-β1 and eight IL-6 
SNPs between OC patients and controls are summarized in 
Table 2. Our results showed only a negative significantly 
association between the minor allele of IL-6 rs1880242 
and OC susceptibility (p = 0.0275; OR [95% CI] = 0.53 
[0.29-0.97]). 

At genotypic level, comparing to C/C genotype of 
TGF-β1 rs1800469, the frequencies of C/T genotype 
were significantly lower in OC cases in under additive  
(p < 0.001; OR [95% CI] = 0.24 [0.15-0.58]) and domi-
nant (p < 0.001, OR [95% CI] = 0.33 [0.15-0.74]) genetic 
models (Table 3). The genotype distributions of tested IL-6 
variants, taking homozygous wild-type genotype as a ref-
erence (OR = 1.00), demonstrated that the combined gen-
otypes of IL-6 rs1880242 [G/T+T/T] decreased the risk of 
OC (p = 0.021; OR [95% CI] = 0.38 [0.17-0.88]) (Table 4).

TGF-β1 and IL-6 haplotypes distribution 

Table 5 presents the frequencies of three-locus TGF-β1 
haplotypes in OC cases and controls, constructed based on 
the prevalence of individual SNPs and linkage disequilib-
rium (LD) between them. Of the 8 possible haplotypes, six 
were found to be common and were included in the anal-

ysis. Strong LD was found between TGF-β1 rs1800470, 
TGF-β1 rs1800472, and TGF-β1 rs1800469 (D’, 0.889; 
LOD, 4.28; r2, 0.093) (Fig. 1). Haplotype analysis showed 
that the distribution of TGF-β1 haplotypes was comparable 
between OC cases and control women, but not significant 
association was observed (Table 5). 

Furthermore, we evaluated the interaction be-
tween the tested IL-6 single nucleotide polymorphisms 
and by analyzing the haplotype distribution of 8-locus  
(IL-6 rs1880242, IL-6 rs2069827, IL-6 rs1800797, 
IL-6 rs1800796, IL-6 rs1800795, IL-6 rs1474348, IL-6 
rs1474347, and IL-6 rs2069845) in OC cases and healthy 
controls by Haploview. Haplotype analysis demonstrated 
strong LD between IL-6 SNPs (Fig. 2). 

Results from Table 6 demonstrated development of 
GGAGGGGA and GGAGGGTA haplotypes and reduction 
in TGGGCCTA haplotype among OC cases than controls, 
thus conferring disease risk and protection to these IL-6 
haplotypes, respectively. The distribution of other hap-
lotypes was comparable between OC cases and control 
subjects. 

Discussion 
The exact mechanism causing the pathogenesis and 

increased susceptibility to OC remain unclear and contro-
versial. It was previously suggested that chronic inflam-
matory changes are associated with the development and 

Table 1. Characteristics of the study participants

Characteristics Cases 
(n = 71)

Controls 
(n = 74)

p-value*

Environmental characteristics

Age (mean ±SD) 51.08 ±14.04 51.73 ±14.21 0.584

≥ 50 years, n (%) 36 (50.70) 39 (52.70) 0.470

Post-menopausal, n (%) 43 (60.60) 47 (63.50) 0.422

Clinical characteristics

FIGO staging of cancer, n (%)

Stage I  10 (14.10) N/A

Stage II 25 (35.20) N/A

Stage III 30 (42.30) N/A

Stage IV 06 (08.50) N/A

Histological type, n (%)

Serious papillary 49 (69.00) N/A

Endometrioid 14 (19.70) N/A

Mixed/other 07 (09.90) N/A

Mucinous 01 (01.40) N/A

FIGO – International Federation of Gynecology and Obstetrics, NA – not 
applicable, * Student’s t-test (continuous variables), Pearson χ2 test (categorical 
variables)
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clinical course of OC [14]. In this regard, a central role of 
cytokines in cancer immunity was proposed, and it was 
originally suggested that altered expression of Th1-Th2 fa-
cilitates tumor growth through precipitation of initial state 
of tumor-specific and later, antigen non-specific immuno-
suppression (anergy) [15]. Recently, Th17 and Treg cells 
were described as key factors in regulating tumor growth. 
TGF-β1 is a multifunctional cytokine, which regulates the 
production of extracellular matrix, neovascularization, 
and immune response. Additionally, it promotes normal 
cell differentiation and motility, and is a crucial element 

in early stage of cancer [39, 40]. Owing to its action as 
angiogenic factor, TGF-β1 contributes to the pathology of 
advanced tumor stages, and is essential for the develop-
ment, growth, invasion, and metastasis of cancer [41-43]. 
IL-6 has been previously known as hepatocyte-stimulating 
factor, cytotoxic T-cell differentiation factor, B-cell dif-
ferentiation factor, B-cell stimulatory factor 2, hybridoma/
plasmacytoma growth factor, monocyte granulocyte induc-
er type 2, and thrombopoietin, reflecting pleiotropism of 
this cytokine and its involvement in numerous biological 
functions [44-46]. 

Table 2. TGF-β1 and IL-6 SNPs allelic distribution in patients and controls 

SNPs MAF HWE χ2 p-value OR (95% CI)

rs number Locationa MA Casesb Controlsb

TGF-β1

rs1800472 41341955 T 0.06 0.06 0.23 0.02 0.87 1.08 (0.40-2.89)

rs1800470 41353016 C 0.37 0.33 0.06 0.56 0.45 1.20 (0.74-1.94)

rs1800469 41354391 T 0.30 0.39 0.46 2.17 0.14 1.44 (0.88-2.34)

IL-6

rs1880242 22719988 T 0.170 0.280 0.1195 4.862 0.0275 0.53 (0.29-0.97)

rs2069827 22725837 T 0.035 0.027 1.0 0.161 0.6879 1.31 (0.30-5.96)

rs1800797 22726602 G 0.150 0.160 0.1939 0.113 0.7372 0.90 (0.45-1.77)

rs1800796 22726627 C 0.080 0.080 0.4262 0.013 0.9093 0.95 (0.38-2.44)

rs1800795 22727026 C 0.130 0.160 0.1026 0.273 0.6013 0.84 (0.41-1.70)

rs1474348 22728289 C 0.180 0.190 0.0027 0.084 0.7724 0.92 (0.48-1.73)

rs1474347 22728505 T 0.170 0.180 0.0667 0.023 0.8807 0.95 (0.50-1.83)

rs2069845 22730530 A 0.283 0.203 0.0554 2.491 0.1145 1.55 (0.87-2.77)
alocation on chromosome, bstudy subjects included 71 ovarian cancer cases and 74 control women, MA – minor allele, MAF – minor allele frequency, HWE – Hardy-
Weinberg equilibrium, OR – odds ratio; nominal value of comparison; p > 0.05, no significant association, degree of freedom = 1

Table 3. TGF-β1 genotype distribution in cases and controls

SNP Genotypes Casesa Controlsa p-value OR (95% CI)

rs1800472 C/C 63 (88.70%) 66 (89.20%) 0.42 1.00 (ref.)

C/T 08 (11.30%) 07 (09.50%) 1.34 (0.38-4.80)

T/T 00 (00.00%) 01 (01.40%) 0.00 (0.00-ND)

[C/T+T/T] 08 (11.30%) 08 (10.80%) 0.42 1.15 (0.33-3.95)

rs1800470 T/T 33 (47.90%) 37 (50.00%) 0.54 1.00 (ref.)

T/C 21 (29.60%) 25 (33.60%) 0.98 (0.39-2.45)

C/C 16 (22.50%) 12 (16.20%) 1.69 (0.59-4.89)

[T/C + C/C] 37 (52.10%) 37 (50.00%) 0.66 1.20 (0.53-2.73)

rs1800469 C/C 40 (56.30%) 26 (35.10%) < 0.001 1.00 (ref.)

C/T 19 (26.80%) 39 (52.70%) 0.24 (0.1-0.58)

T/T 12 (16.90%) 09 (12.20%) 0.81 (0.25-2.65)

[C/T + T/T] 31 (43.70%) 48 (64.90%) < 0.001 0.33 (0.15-0.74)

Values in bold are statistically significant at the 5% level, a study subjects comprised 71 ovarian cancer patients and 74 control women, ND – not defined, OR – odds 
ratio; nominal value of comparison, p > 0.05, no significant association, degree of freedom = 1
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It was established that IL-6 affects practically every 
organ, most notably the immune system. The physiological 
activity of IL-6 is very complex, including both pro-in-
flammatory and anti-inflammatory effects. This combina-
tion suggests that IL-6 may play a role in the control of im-
mune system activation during various phases of epithelial 
ovarian cancer evolution [14, 47, 48]. 

In this study, we investigated the association of three 
TGF-β1 polymorphisms (rs1800469, rs1800470, and 

rs1800472) and eight IL-6 SNPs (rs1880242, rs2069827, 
rs1800797 rs1800796, rs1800795, rs1474348, rs1474347, 
and rs2069845) with the susceptibility to OC in Tunisians, 
the first to examine the possible association with OC in 
North African community. 

Data obtained indicated that TGF-β1 rs1800469 het-
erozygosity was associated with a significant decrease in 
the risk of OC, thus assigning an OC protective nature for 
this variant. Previously, it was reported that carriage of the 

Table 4. IL-6 genotype distribution in cases and controls 

SNP Genotypes Casesa Controlsa p-value OR (95% CI)

rs1880242 G/G 50 (70.4%) 41 (55.4%) 0.053 1.00 (ref.)

G/T 18 (25.4%) 25 (33.8%) 0.43 (0.18-1.05)

T/T 03 (04.2%) 08 (10.8%) 0.23 (0.04-1.17)

[G/T+T/T] 21 (29.6%) 33 (44.6%) 0.021 0.38 (0.17-0.88)

rs2069827 G/G 66 (93.0%) 70 (94.6%) 0.690 1.00 (ref.)

G/T 04 (05.4%) 05 (07.0%) 1.38 (0.28-6.78)

T/T 0 0 ND

[G/T+T/T] – – ND

rs1800797 A/A 52 (73.2%) 54 (73.0%) 0.900 1.00 (ref.)

A/G 17 (23.9%) 16 (21.6%) 1.10 (0.42-2.88)

G/G 02 (02.8%) 04 (05.4%) 0.68 (0.10-4.80)

[A/G+G/G] 19 (26.8%) 20 (27.0%) 0.980 1.01 (0.42-2.45)

rs1800796 G/G 60 (84.5%) 64 (86.5%) 0.045 1.00 (ref.)

G/C 11 (15.5%) 08 (10.8%)
0.620

1.65 (0.51-5.03)

C/C 0 02 (02.7%) ND

[G/C+C/C] 64 (86.5%) 10 (13.5%) 1.33 (0.42-4.06)

rs1800795 G/G 54 (76.1%) 55 (74.3%) 0.920 1.00 (ref.)

G/C 15 (21.1%) 15 (20.3%) 0.98 (0.37-2.61)

C/C 02 (02.8%) 04 (05.4%) 0.61 (0.09-4.70)

[G/C+C/C] 19 (25.7%) 17 (23.9%) 0.840 0.91 (0.38-2.23)

rs1474348 G/G 50 (70.4%) 53 (71.6%) 0.630 1.00 (ref.)

G/C 17 (23.9%) 14 (18.9%) 1.40 (0.52-3.77)

C/C 04 (05.6%) 07 (09.5%) 0.66 (0.16-2.80)

[G/C+C/C] 21 (29.6%) 21 (28.4%) 0.80 1.12 (0.47-2.67)

rs1474347 G/G 50 (70.4%) 53 (71.6%) 0.81 1.00 (ref.)

G/T 18 (25.4%) 16 (21.6%) 1.23 (0.46-3.29)

T/T 03 (04.2%) 05 (06.8%) 0.69 (0.13-3.79)

[G/T+T/T] 21(29.6%) 21 (28.4%) 0.86 1.09 (0.44-2.67)

rs2069845 G/G 38 (55.1%) 49 (66.2%) 0.23 1.00 (ref.)

G/A 23 (33.3%) 20 (27.0%) 1.65 (0.65-4.17)

A/A 08 (11.6%) 05 (06.8%) 2.89 (0.75-11.23)

[G/A+A/A] 31 (44.9%) 25 (33.8%) 0.12 1.93 (0.83-4.45)

Values in bold are statistically significant at the 5% level, a study subjects comprised 71 ovarian cancer patients and 74 control women, ND – not defined,  
OR – odds ratio; nominal value of comparison, p > 0.05, no significant association, degree of freedom = 1 
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TGF-β1 rs1800469 minor allele, both in the heterozygous 
(C/T) and homozygous (T/T) states, did not affect the sus-
ceptibility to OC in Chinese population [49]. In contrast, 
a recent meta-analysis study that investigated the associa-
tion between the TGF-β1 rs1800469 and cancers in different 
ethnic populations concluded that the TGF-β1 rs1800469 
minor (T) allele is associated with a decreased risk of col-
orectal cancer, especially in Caucasians [50, 51]. These dis-
crepancies may be reconciled by differences in ethnic origin 
between our Tunisian population and Asian women. 

Table 5. Distribution of 3-locus TGF-β1 haplotypes in ovarian cancer (OC) cases and controls

Haplotypea Frequency OC cases Controls Pc aOR (95% CI)

CTC 0.537 0.541 0.537 – 1.00 (ref.)

CCT 0.220 0.248 0.205 0.64 0.87 (0.50-1.53)

CCC 0.113 0.062 0.152 0.11 1.87 (0.86-4.04)

CTT 0.069 0.086 0.048 0.26 0.56 (0.20-1.54)

TTT 0.037 0.040 0.034 1.00 1.00 (0.31-3.24)

TCT 0.017 0.009 0.014 0.60 0.61 (0.09-3.97)

ars1800472/rs1800470/rs1800469 haplotypes, Pc – corrected p-value according to Bonferroni correction, aOR – adjusted OR controlled from age; bold characters 
indicate minor allele

Table 6. Distribution of 8-locus IL-6 haplotypes in OC 
cases and controls

Haplotypea Cases Controls χ2 p-value

GGAGGGGG 0.581 0.641 1.113 0.2915

TGGGCCTA 0.063 0.135 4.129 0.0422

GGAGGGGA 0.102 0.034 5.338 0.0209

TGACGGGG 0.042 0.081 1.871 0.1714

GGAGGCGG 0.050 0.027 0.993 0.3191

TGAGGGGG 0.014 0.034 1.216 0.2701

TTGGCCTA 0.014 0.020 0.164 0.6858

GGAGGGTA 0.034 0.000 5.159 0.0231

TGGGCGTA 0.021 0.000 2.989 0.0838
ars1880242, rs2069827, rs1800797, rs1800796, rs1800795, rs1474348, 
rs1474347, and rs2069845 haplotypes frequency, Fisher’s exact test, p > 0.05 
no significant association, degree of freedom = 1; boldface indicates statistically 
significant differences

Fig. 1. Linkage disequilibrium (LD) plot and SNPs of 
TGF-β1. The plot was generated using Haploview program 
with D’ color scheme (D’ = 0, 0) 
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A possible association between the TGF-β1 rs1800469 
and the risk of cancers yielded controversial results, in part 
due to the type of cancer and ethnic background of study 
participants [50-57]. Functionally, the TGF-β1 promoter 
variant rs1800469 (-509C/T) was associated with altered 
TGF-β1 plasma level and emphasized by the almost double 
level of circulating TGF-β1 in heterozygous (C/T) and ho-
mozygous (T/T) as compared to homozygous (C/C) geno-
type carriers [58]. Furthermore, it was previously shown that 
TGF-β1 is over-expressed in some human carcinomas, but 
not in all types of cancer, and that TGF- β1 mutations could 
influence its implication in cancer development [51, 58]. 

Heterozygosity of TGF-β1 rs1800469 and the pres-
ence of minor allele was associated with protection against 
OC in the study population. This was in agreement with 
a recent study, which documented association of TGF-β1 
rs1800469 with a decreased risk of breast cancer in Ameri-
can women of African and European ancestry [54]. Neither 
TGF-β1 rs1800470 or TGF-β1 rs1800472 were markedly 
associated with OC in Tunisian women. This was the first 
report that examined the association between TGF-β1 vari-
ants and OC risk in Tunisia and worldwide. Previous stud-
ies examined the possible influence of genetic mutations in 
ovarian neoplasia and showed that TGF-β1 gene variants 
may influence (multistage) ovarian neoplasia by reducing 
epithelial cell responsiveness to TGF-β1 negative growth 
signals [23, 24]. 

For IL-6 gene polymorphisms, our results showed that 
only IL-6 rs1880242 was implicated in the occurrence of 
OC in Tunisia. Therefore, minor allele frequency (MAF) 
was considered as a risk factor, and the combined geno-
types decreased the incidence of OC. The present study is 
the first to suggest a protective role of IL-6 rs1880242 in 
OC susceptibility. In fact, in Malaysian population, this 
SNP increased the risk to OC development [59]. These 
contradictory results for IL-6 rs1880242 and OC risk be-
tween Tunisians and Malaysians could be generated by the 
geographic and ethnical origin of populations, thus leading 
to the discordant findings between this polymorphism and 
OC occurrence. On the other hand, our data showed that 
IL-6 allele and genotype frequencies between OC cases 
with early tumor stages and healthy controls were compa-
rable, but no significant association was detected between 
the seven IL-6 SNPs. In agreement with our results, pre-
vious study on Chinese population has reported a lack of 
association between IL-6 rs1800795 and OC risk [60]. 

It was established that IL-6 rs1800795 was associat-
ed with the plasma levels of protein [61]. However, some 
studies have investigated the possible association between 
this SNP, IL-6 plasma levels, and risk of cancers with con-
troversial results [62-67]. 

In Tunisia, few case-control studies were conducted to 
evaluate the impact of IL-6 polymorphisms and cancers. 
A study by Snoussi et al. showed a significant association 
between SNPs in the promoter region IL-6 rs1800795 and 

IL-6 rs1800797 with breast cancer risk [68]. However, in 
our present study, we concluded that IL-6 rs1800795 and 
IL-6 rs1474348 were associated with cervical cancer sus-
ceptibility and evolution among Tunisian women [31]. 

On the other hand, our study suggests an association 
between IL-6 haplotypes (GGAGGGGA, GGAGGGTA 
and TGGGCCTA) and OC occurrence. To the best of our 
knowledge, no previous haplotypes association was detect-
ed between those eight IL-6 SNPs and OC susceptibility. 

The present study has some strengths, including OC 
cases and control women of similar ethnicity, thus min-
imizing the possibility of admixture, and that only new 
OC cases prior to chemo- or radiotherapy were recruited. 
However, our studies had also some limitations, mostly 
due to the relatively limited sample size. Despite the inci-
dence of OC in Tunisia, the rareness of this pathology lies 
in its quiet character responsible for a delay in diagnosis 
and therapeutic difficulty, especially in its extended forms. 
Therefore, the low sample size cannot lower the power of 
our study. 

Conclusions 
In the summary, this is the first study to show an as-

sociation of TGF-β1 and IL-6 SNPs implicated in the in-
flammatory cascade with OC occurrence. We conclude 
that the TGF-β1 rs1800469, IL-6 rs1880242, and the IL-6 
haplotype distribution may contribute to the occurrence of 
OC among Tunisian women. Subsequently, future studies 
will be performed to better understand the mechanism of 
TGF-β1 and IL-6 polymorphism involvement in changed 
plasma levels of these two proteins and their potential im-
pact on OC. 

The authors declare no conflict of interest. 
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