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Abstract. Uterine fibroid or leiomyoma is a frequent 

non-malignant tumour with unknown aetiology and 

pathogenesis. The aim of our study was to look for 

possible genetic markers which could be used as 

prognostic tools for evaluation of an increased risk 

for development of uterine fibroid. A large spectrum 

of Th1/Th2 cytokine gene polymorphisms in 102 pa-

tients with uterine leiomyoma was compared with 

145 healthy controls. An association between poly-

morphisms of the IL4 gene promotor at positions 

-590 C/T and -33 C/T, and the risk of leiomyoma was 

observed. The CC genotype of IL4  -590 and at posi-

tion -33 was less frequent in the patient group than in 

the control group (P = 0.03). Besides IL-4, we ob-

served different genotype distribution of the TNFA 

gene -308 A/G. The frequency of genotype AA was 

higher in the younger (≤ 35 years) patient group (P = 

0.02). Our study thus suggests that certain cytokine 

gene polymorphisms, especially of the IL4 and TNFA 

genes, may be associated with increased risk for de-

velopment of uterine fibroid. Further investigation 

would be needed to elucidate the mechanisms re-

sponsible for these associations.

Introduction

Uterine fibroid (UF) or leiomyoma is diagnosed in 
30–40 % of women in reproductive age. UF becomes 
symptomatic in one-third of diagnosed patients and is 
the most frequent indication for hysterectomy (Falcone 
and Walters, 2008). UF is a benign monoclonal tumour 
of smooth muscle cells of the uterus and also contains 
large amounts of extracellular matrix components such 
as collagen, fibronectin and proteoglycans (Parker, 
2007). The clinical symptoms are related to the local 
mass effect, resulting in pressure upon adjacent organs, 
excessive uterine bleeding or problems related to infer-
tility and pregnancy. Leiomyomas can be usually diag-
nosed by gynecologic palpatory examination, transvagi-
nal ultrasonography or hysteroscopy and MRI. Although 
the tumour represents the most common benign female 
tumour, its aetiology remains unknown. The influence 
of several genetic, hormonal, anthropometrical and re-
productive factors is supposed (Flake et al., 2003; Stew-
art and Morton, 2006; Evans and Brunsell, 2007).

The genetic factors contributing to the development of 
UF are being intensively investigated. The possibility for 
a role of certain cytokine gene polymorphisms in the 
pathogenesis of UF has been suggested in several previ-
ous works (Hsieh et al., 2004, 2007; Litovkin et al., 2007; 
Pietrowski et al., 2009). The aim of our study was there-
fore to examine a large spectrum of Th1/Th2 cytokine 
gene polymorphisms in patients with uterine leiomyoma 
and to compare them with healthy controls. Our hypoth-
esis of a possible association between cytokine single nu-
cleotide polymorphisms (SNP) and the incidence of UF 
was based on the fact that cytokines may enhance eleva-
ted production of matrix metalloproteinases, which may 
further stimulate leiomyoma growth (Inagaki et al., 2003). 
These polymorphisms may not be directly linked to the 
disease, but may be useful tools in the study of this multi-
factorial disorder (Andersen et al., 1994). To our best 
knowledge, our study is the first to analyse such a wide 
range of cytokine gene polymorphisms in UF patients.
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Material and Methods

Patients
The study group enrolled 102 patients diagnosed with 

UF between 2007 and 2008 at Charles University in 
Prague, First Faculty of Medicine and General Faculty 
Hospital in Prague. The study design and Informed Con-
sent form was approved by the Ethics Committee of the 
General University Hospital, Prague. Informed consent 
was obtained from all patients. Ultrasonography target-
ed on the size and character of the leiomyoma was per-
formed in all patients. Patients also underwent elective 
surgery such as laparoscopic myomectomy, open myo-
mectomy, transcervical resection of myoma or hysterec-
tomy. Histological verification was performed after sur-
gery. Several undefined cases were excluded, such as 
leiomyomas with increased cell activity, adenomyosis 
and one case of stromal sarcoma. Only UF with typical 
histology were enrolled into the study.

Patients with UF for the statistical analysis were di-
vided into two groups: A) ≤ 35 years of age, BMI < 25, 
B) > 35 years of age, BMI < 25. None of the patients 
took any long-term medication and all also had negative 
oncology history. The diameter of UF was verified by 
abdominal and transvaginal ultrasonography. The mini-
mal size of UF was set to 30 mm in diameter in case of 
single leiomyoma or the occurrence of at least four 
small-sized leiomyomas more than 10 mm in diameter 
(in case of multiple leiomyomas). The most common 
symptoms and complaints were pelvic pain and abnor-
mal bleeding.

As a control group we used 145 control samples from 
female volunteers without leiomyoma and mean age of 
45 (20–55 years). No women from the control group 
took any long-term medication and all had negative on-
cology history. The absence of UF was verified by ab-
dominal and transvaginal ultrasonography.

DNA analysis
DNA was isolated from whole blood using the 

QIAamp kits (provided by Qiagen GmbH, Hilden, Ger-
many). The quality of DNA was measured both with gel 
electrophoresis and by a spectrophotometer. DNA with 
the ratio of absorbancies A260/A280 between 1.7 and 
1.9 was considered for further analysis. A Cytokine 
Genotyping Kit (Invitrogen, Darmstadt, Germany) was 
applied to cytokine genotyping. The following cytokine 
SNPs were detected (Table 1): interleukin (IL)-1α (-889 
T/C), IL-1β (-511 T/C and +3962 T/C), IL-1R (pst11970 
C/T), IL-1RA (mspa111100 T/C), IL-4Rα (+1902 G/A), 
IL-12 (-1188 C/A), interferon (IFN)-γ (+874 A/T), TGF-
β1 (codon 10 C/T and codon 25 G/C), tumour necrosis 
factor (TNF)-α (-308 G/A and −238 G/A), IL-2 (-330 
T/G and +166 G/T), IL-4 (-1098 T/G, -590 T/C and -33 
T/C), IL-6 (-174 G/C and nt565 G/A) and IL-10 (-1082 
G/A, -819 C/T and -592 C/A). The principle of SNP de-
tection is based on PCR reaction with sequence-specific 
primers. Briefly, a master mix was prepared according 
to manufacturer’s instructions – 140 µl reaction buffer, 

5.6–9.3 µg DNA, 20 U Taq polymerase (TopBio, Prague, 
Czech Republic) and PCR water added up to a final vol-
ume of 501 µl.  Ten microlitres of the master mix were 
aliquoted to lyophilized primer mixes. The following 
PCR protocol was run in a Biometra Thermocycler 
(Schöeller, Göttingen, Germany) with an optimized 
ramp speed to 1 °C/s. The PCR started with an initial 
denaturation at 94 °C for 2 min followed by 10 cycles at 
94 °C for 15 s and 65 °C for 60 s. The final step involved 
20 cycles of 94 °C for 15 s, 61 °C for 50 s and 72 °C for 
30 s. PCR products were detected after electrophoresis 
in 2% agarose gel by staining with GelRed (Biotium, 
Hayward, CA). The gel was documented with a Gene-
Genius Bio-Imaging system (Syngene, Cambridge, UK).

Statistical analysis
Genotype and allele frequencies were determined by 

direct counting and were compared with the control 
population by Fisher’s exact test or χ2 test. Statistical 
analysis was performed using MedCalc statistical soft-
ware (Mariakerke, Belgium). P values lower than 0.05 
were considered significant. Adjusted standardized de-
viates between observed and expected values for each 
cell were approximated by Z scores to identify large dif-
ferences.  Bonferroni correction was used for multiple 
comparisons if more than one SNP at the same locus 
were assessed.

Results

Hardy-Weinberg equilibrium (HWE) was counted for 
each locus and none of them reached a statistically sig-
nificant difference. First, we compared the cytokine 
gene SNP of the entire patient cohort with the SNP of 
the control group. The frequencies of the majority of 
tested cytokine gene SNP in the patient cohort were not 
statistically different from the cytokine SNP in the con-
trol group. However, we found an intriguing difference 
in the distribution of IL4 genotypes. The CC genotype 
of IL4 -590 and at position -33 was less frequent in the 
patient group than in the control group (P = 0.03) (Ta-
ble 1). The power of the test reached 73 % for both pol-
ymorphic positions. Furthermore, there is a strong link-
age disequilibrium between these two positions (-590 
and -33 (D≠0)).

In addition, we compared the cytokine gene polymor-
phisms of patients with the control group after separa-
tion of patients into two cohorts according to age – ≤ 35, 
and > 35. The same trend of lower frequency of the CC 
genotype IL4 -590 and IL4 -33 in patients compared 
with controls was preserved in older individuals 
(> 35 years) (P = 0.09) but not in patients younger than 
35 (Table 2). Besides IL4, we observed a different geno-
type distribution of the TNFA gene -308 A/G. The fre-
quency of the AA genotype was higher in the younger 
patient group (P = 0.02) (Table 3), but this result was not 
conclusive due to the small power of the test (42 %). 
This difference was not found in the patient group with 
> 35 years of age.

Cytokine Polymorphisms in Uterine Fibroid
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Table 1. Comparison of genotype frequencies between the patient group and the control group
Cytokine SNP Genotype Controls Patients P value

   N (%) N (%)

IL-1α -889 CC 69 (48) 51 (50) 0.70
  CT 59 (41) 42 (42)
  TT 16 (11) 8 (8)

IL-1β -511 CC 79 (54) 46 (45) 0.35
  CT 54 (37) 46 (45)
  TT 12 (8) 10 (10)

IL-1β +3962 CC 74 (51) 55 (54) 0.78
  CT 55 (38) 39 (38)
  TT 15 (10) 8 (8)

IL-1R Pst1 1970 CC 55 (38) 40 (39) 0.66
  CT 67 (46) 50 (49)
  TT 23 (16) 12 (12)

IL-1RA Mspa1 11100 CC 13 (9) 13 (13) 0.62
  CT 63 (43) 41 (40)
  TT 69 (48) 48 (47)

IL-4Rα +1902 AA 84 (58) 60 (59) 0.62
  AG 56 (39) 36 (35)
  GG 5 (3) 6 (6)

IL-12 -1188 AA 85 (59) 54 (53) 0.24
  AC 55 (38) 42 (42)
  CC 3 (2) 6 (6)

IFN-γ +874 AA 40 (28) 32 (31) 0.85
  AT 70 (49) 47 (46)
  TT 32 (23) 23 (23)

TGF-β1 codon 10 CC 25 (17) 13 (13) 0.17
  CT 66 (46) 61 (60)
  TT 54 (37) 28 (27)

TGF-β1 codon 25 CC 1 (1) 1 (1) 0.76
  CG 20 (14) 11 (11)
  GG 124 (86) 90 (88)

TNF-α -308 AA 1 (1) 4 (4)  0.14
  AG 29 (20) 25 (25
  GG 113 (79) 73 (72)

TNF-α -238 AA 0 (0) 0 (0) 0.16
  AG 14 (10) 5 (5)
  GG 129 (90) 97 (95)

IL-2 -330 GG 15 (10) 12 (12) 0.95
  GT 63 (44) 44 (43)
  TT 65 (45) 46 (45)

IL-2 +166 GG 61 (43) 48 (47) 0.76
  GT 62 (43) 42 (41)
  TT 20 (14) 12 (12)

IL-4 -1098 GG 0 (0) 0 (0) 0.21
  GT 22 (15) 10 (10)
  TT 122 (85) 92 (90)

IL-4 -590 CC 112 (78) 64 (63) 0.03
  CT 27 (19) 34 (33)
  TT 5 (3) 4 (4)

IL-4 -33 CC 112 (78) 64 (63) 0.03
  CT 27 (19) 34 (33)
  TT 5 (3) 4 (4)

IL-6 -174 CC 27 (19) 19 (19) 0.23
  CG 72 (50) 41 (40)
  GG 45 (31) 42 (41)

IL-6 nt565 AA 25 (17) 18 (18) 0.21
  AG 73 (51) 41 (40)
  GG 46 (32) 43 (42)

IL-10 -1082 AA 42 (29) 32 (31) 0.45
  AG 83 (57) 51 (50)
  GG 20 (14) 19 (19)

IL-10 -819 CC 74 (51) 56 (55) 0.82
  CT 64 (44) 41 (40)
  TT 7 (5) 5 (5)

IL-10 -592 AA 7 (5) 5 (5) 0.82
  AC 64 (44) 41 (40)
  CC 74 (51) 56 (55)
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Discussion

Our study was designed to search for possible genetic 
markers which could be used as prognostic tools for 
evaluation of increased risk for development of UF. The 
role of various cytokines in leiomyoma development 
has been investigated, like that of epidermal growth fac-
tor (EGF) (Shimomura et al., 1998), transforming 
growth factor β (TGF-β) (Arici and Sozen, 2000), chem-
okines and chemokine receptors (Syssoev et al., 2008). 
Besides, it is known that leiomyoma growth is depend-
ent on oestrogen and progesterone production (Maruo et 
al., 2003), which on their part may influence the gene 
expression of several cytokines and growth factors. 

In our study we selected several “candidate” SNPs of 
pro- and anti-inflammatory cytokine genes which could 
be associated with UF development. Besides, there is 
extensive literary data that the studied SNPs may influ-
ence the level of gene expression of the corresponding 
cytokines (Turner et al.,1997; Wilson et al., 1997; Fish-
man et al., 1998; Smith and Humphries, 2009).

Our study suggests a possible association between 
the polymorphisms of the IL4 gene promotor, namely 
SNP -590 C/T and -33 C/T, and the risk of leiomyoma 
development. T allele substitution at position -590 in-
creases IL4 gene expression and is associated with ele-
vation of serum IL-4 concentrations (Rosenwasser and 
Borish, 1997). On the contrary, the C allele at this posi-
tion leads to decreased gene expression. It is a matter of 
speculation what might be the reason for the observed 
association. As a strong anti-inflammatory cytokine, IL-4 
has been shown to modulate the activation of tumour-as-
sociated fibroblasts (Blankenstein, 2005). Its role in tu-
mour clearance and reduction of tumour load has also 
been investigated (Tepper et al., 1989; Golumbek et al., 

1991; Hock et al., 1993, 1994). The study of Hsieh et al. 
(2007) tested the same IL4 -590 polymorphisms and other 
SNPs; however, no association with the incidence of UF 
was found with the exception of IL-12Rβ1. This contra-
diction may be caused by differences between the pa-
tient groups studied (premenopausal Taiwanese women) 
or by a race difference as it was previously shown in the 
study of Skorpil et al. comparing CGP among three Eu-
ropean populations (Skorpil et al., 2007).

Our results indicated a possible role of TNFA poly-
morphism on the risk of leiomyoma development. Tu-
mour necrosis factor participates in the induction of in-
flammatory responses and acute phase reactions, which 
in turn cause many of the clinical problems associated 
with various infectious and autoimmune diseases. The 
effect of the TNFA gene on tumour pathogenesis has 
also been described. There are reports in the literature 
about the influence of TNFA -308 A/G polymorphism on 
various tumours with a significantly increased frequen-
cy of the A allele among patients with malignancies 
(Chouchane et al., 1997). It has been shown that the sub-
stitution of the -308 A to G is a part of haplotype which 
influences TNFA gene expression. The A allele at this 
position increases cytokine production up to 7-fold 
(Wilson et al., 1997). However, further studies would be 
needed to clarify to what extent TNF-α may play a role 
in the aetiology and pathogenesis of UF. The group of 
Hsieh et al. (2004) found association of TNFA -308 G 
allele with leiomyoma in premenopausal Taiwan Chi-
nese women. This result, however, cannot be confirmed 
or rebutted based on our results, but one should take into 
account the oriental ethnic background, where the G al-
lele is the most frequent at position -308 in Taiwanese 
women, whilst the A allele is predominant in the Euro-
pean nations.

In conclusion, our study suggests that certain cy-
tokine gene polymorphisms, especially those of IL4 and 
TNFA, may be associated with increased risk for devel-
opment of uterine fibroid. Further investigation would 
be needed to elucidate the mechanisms responsible for 
these associations.
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