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Abstract. Background/Aim: Interleukin-6 is an important
modulator of inflammation, which is one of the factors involved
in prostate cancer. The aim of the study was to evaluate the
possible association of the IL-6 -174 polymorphism
(rs1800795) with the risk of prostate cancer development and
progression. Materials and Methods: The study population
consisted of 446 prostate cancer patients, 377 benign prostatic
hyperplasia (BHP) patients and 276 healthy men. Genotyping
was performed by PCR-RFLP analysis. IL-6 plasma levels
were measured by the ELISA method. Results: The GC
genotype (OR=0.61, p=0.005) and C allele (OR=0.8, p=0.04)
of the IL-6 -174 polymorphism were significantly associated
with prostate cancer. No genotype was associated with BHP.
IL-6 plasma levels were significantly increased in prostate
cancer patients compared to both healthy men (p=0.02) and
BHP patients (p=0.008). No significant differences were
observed in IL-6 plasma levels in connection with IL-6 -174
genotypes. Conclusion: The IL-6 -174 polymorphism was
significantly associated with prostate cancer in Slovak patients.

Interleukin-6 (IL-6) is a multifactorial pro-inflammatory
cytokine belonging to the family of IL-1 cytokines. It is
produced by different types of cells, including activated
macrophages, monocytes, fibroblasts, activated T lymphocytes
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and B lymphocytes, endothelial cells, as well as cancer cells.
IL-6 mediates several important physiological functions
including control of the acute phase response during
inflammation, production of adhesion molecules and induction
of secretion of other inflammation mediators such as tumor
necrosis factor. IL-6 may also mediate carcinogenesis by
several mechanisms, including stimulation of cell proliferation,
reduction of apoptosis, alteration of enzymes involved in tumor
invasion and promotion of bone metastases (1). IL-6 is also one
of the factors that may contribute to increased growth of
prostate cancer cells in the absence of androgens by activation
of androgen receptor (2). IL-6 can also contribute to the
transformation of benign prostate cells into malignant cells and
promote epithelial mesenchymal transition (3). The levels of
IL-6 also correlate with prostate tumor burden, serum prostatespecific antigen and metastasis (4).
The human IL-6 gene is located at the short arm of
chromosome 7 (7p15-21) and includes 5 exons and 4 introns
(5). The expression of IL-6 gene as well as the concentration
of IL-6 might be influenced by the presence of polymorphic
sites in the gene. Single nucleotide polymorphisms in the
promoter may result in alterations in expression and
functional activity of IL-6. Increased expression of IL-6 and
its receptor was detected in malignant prostate tissue and
high-grade prostatic intraepithelial neoplasia lesions (6). The
G/C transition in IL-6 gene (rs1800795) is suggested to be
associated with altered production of IL-6, because of its
localization in the promoter region where gates GATA1
access (7). The polymorphism is also located in region with
partial sequence homology with the Smad4-binding element.
It is supposed that the C allele may bind Smad4 more
effectively and inhibit IL-6 transcription (8). The G allele
was found to be the higher IL-6 expressing variant (5).
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The aim of the study was to analyze the possible
association of the promoter polymorphism at position -174
(rs1800795) of the IL-6 gene and the risk of prostate cancer
development and progression in a group of Slovak prostate
cancer patients.

Materials and Methods

Study population. The present study included 446 patients with
histologically verified prostate cancer, 377 patients with benign
prostatic hyperplasia (BHP) and 276 healthy men. Patients were
recruited at the Department of Urology, University Hospital Martin
in Slovakia, during the time period 2005-2017. Healthy volunteers
were randomly selected from men that attended routine urological
examinations and who did not have a cancer history as well as any
prostate disease. The study was approved by the Ethics Committee
of Comenius University in Bratislava, Jessenius Faculty of Medicine
in Martin and both patients and healthy men gave their informed
consent to participate in the study. The clinical characteristics of the
subjects are summarized in Table I.

Genotyping. Genomic DNA was isolated from whole blood samples
using Wizard® Genomic DNA Purification Kit (Promega, Madison,
WI, USA) and stored at –20˚C until genotype analysis. The
polymorphism in the promoter region of IL-6 gene, -174 G/C
(rs1800795), was determined by polymerase-chain reaction-restriction
fragment length polymorphism (PCR-RFLP) analysis. The DNA
fragments were amplified in a 12 μl reaction mixture containing 1 μl
of genomic DNA (0.1 μg/μl), 0.4 μl of each primer (25 μmol/μl),
6 μl of DreamTaq Green PCR Master mix (2x) and 4.2 μl of DNase
free water. The primer sequences used for detection of IL-6 -174 G/C
polymorphism were: F 5’-ATG CCA AGT GCT GAG TCA CTA-3’,
R 5’-GGA AAA TCC CAC ATT TGA TA-3’. The PCR amplification
conditions for IL-6 -174 G/C were as follows: 5 min initial
denaturation at 94˚C, and 40 cycles of 30 sec at 94˚C, 45 sec at
52.8˚C and 1 min at 72˚C, followed by a final elongation at 72˚C for
7 min. After amplification, 226 bp PCR products were digested with
NIaIII restriction enzyme for 15 min at 37˚C. Digested products were
separated by electrophoresis on 2% agarose gel and visualized by
ethidium bromide staining. When the C allele was found at the -174
position, two fragments of 117 and 109 bp were produced. The
226 bp fragment was not cleaved when the G allele was present.

Plasma separation and determination of IL-6 plasma levels. All
patient blood samples were collected in K2EDTA tubes, to prevent
clotting, in the morning between 7:00 am - 10:00 am after a night
of fasting. All blood samples were examined in the same laboratory.
Plasma samples were obtained immediately after blood collection
by centrifugation at 2,000 r/min for 20 min at 4˚C, aliquoted to
prevent freeze and thaw cycles and stored at –80˚C for later use.
For determination of IL-6 levels, plasma samples of 44 prostate
cancer patients, 104 patients with BHP and 10 healthy men were
collected and assessed using a commercially available ELISA kit.

Statistical analysis. Genotype frequencies were estimated for both
patients with prostate cancer and BHP as well as for healthy controls.
Comparisons between genotype distribution and association with
selected clinical data were performed with the Chi-square test and
Fisher’s exact test. The genotype frequencies were tested for Hardy-
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Table I. Characteristics of prostate cancer patients, BHP patients and
healthy subjects.
Characteristics

Age (years)
Mean±SD
PSA (ng/ml)
Median
(25th-75th percentile)
Gleason score
Mean±SD
NA: Not applicable.

Healthy controls Prostate cancer
58.15±9.48
0.88
(0.48-2.27)
NA

BHP

66.8±8.09

66.12±9.45

7.03±1.30

NA

9.18
(5.30-20.07)

2.36
(0.89-6.09)

Weinberg equilibrium in the control group. Comparison of IL-6
plasma levels between studied groups as well as their association with
different genotypes was performed by Mann-Whitney test. All pvalues were derived from two-sided tests and were considered to be
statistically significant if p<0.05. Statistical analysis was performed
using StatsDirect statistical package version 2.7.8.

Results

Genotype distribution of IL-6 -174 polymorphisms.
Screening for the polymorphism in the IL-6 gene, rs1800795,
located at the -174 position of the promoter region was
performed in this study. The distribution of genotypes was
in agreement with the Hardy-Weinberg equilibrium (p=0.27)
in the control group. Distribution of alleles and genotypes in
the group of patients with prostate cancer, BHP as well as in
the control group are summarized in Table II.
Statistically significant association of the -174 GC
genotype (OR=0.61; 95%CI=0.43-0.86; p=0.005) and C
allele (OR=0.80; 95%CI=0.64-0.99; p=0.04) with the
decreased risk of prostate cancer development was observed.
The association of the IL-6 -174 polymorphism was
significant also in the dominant model (GG versus GC +
CC) (OR=0.63; 95%CI=0.46-0.88; p=0.006). No significant
association of IL-6 -174 polymorphism with the risk of BHP
development was found. The association of the GC genotype
of the IL-6 -174 polymorphism was on the border of the
statistical significance (p=0.08) if we compared genotype
frequencies between prostate cancer patients and BHP
patients. The results are summarized in Table II.
To detect a possible correlation between IL-6 -174
polymorphism and aggressiveness of prostate cancer, patients
were stratified according to Gleason score (Gleason score<7
and Gleason score ≥7). When compared to the control group,
the GC genotype was significantly associated with a decreased
risk of development of both low-grade (Gleason score<7) and
high-grade (Gleason score ≥7) carcinomas (OR=0.48;
95%CI=0.30-0.76; p=0.006 and OR=0.62; 95%CI=0.41-0.94;
p=0.02, respectively). Results are summarized in Table III.
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Table II. Distribution of the IL-6 -174 genotypes and alleles and their association with the risk of prostate cancer or BHP development.

-174 G/C
Genotype
GG
GC
CC
GC + CC
Allele
G
C

Healthy
controls
n

Prostate
cancer
n

78
147
51
198

171
197
78
275

303
249

539
353

BHP
n
121
184
71
255

426
326

Controls vs. Prostate cancer
OR (95%CI)

1.00
0.61
0.70
0.63

p-Value

(ref.)
(0.43-0.86)
(0.45-1.09)
(0.46-0.88)

0.005
0.11
0.006

1.00 (ref.)
0.80 (0.64-0.99)

Statistically significant results (p<0.05) are highlighted in bold.

0.04

Controls vs. BHP

OR (95%CI)

1.00
0.81
0.90
0.83

(ref.)
(0.57-1.15)
(0.57-1.42)
(0.60-1.17)

BHP vs. Prostate cancer

OR (95%CI)

p-Value

1.00 (ref.)
0.93 (0.75-1.16)

1.00
0.76
0.78
0.76

0.24
0.64
0.28

Genotype
GG
GC
CC
GC + CC
Allele
G
C

n

53
48
26
74

154
100

Gleason
score <7

OR (95%CI)

1.00
0.48
0.75
0.55

(ref.)
(0.30-0.76)
(0.42-1.35)
(0.35-0.85)

1.00 (ref.)
0.79 (0.58-1.07)

n

p-Value

76
89
39
128

0.006
0.34
0.007
0.13

Statistically significant results (p<0.05) are highlighted in bold.

241
167

Gleason
score ≥7

OR (95%CI)

1.00
0.62
0.79
0.66

(ref.)
(0.41-0.94)
(0.47-1.32)
(0.45-0.98)

1.00 (ref.)
0.84 (0.65-1.09)

Table IV. The plasma levels of IL-6 in prostate cancer patients, BHP and healthy controls.
IL-6 (pg/ml)
(25th-75th percentile)

Healthy controls Prostate cancer
1.34
(0.97-2.99)

3.01
(1.79-5.98)

BHP

1.88
(1.21-3.25)

Controls vs. Prostate cancer
0.02

(ref.)
(0.56-1.03)
(0.52-1.16)
(0.57-1.02)

0.08
0.21
0.07

1.00 (ref.)
0.86 (0.70-1.04)

0.53

Table III. Association between the IL-6 -174 genotypes and alleles in patients stratified according to Gleason score.
-174 G/C

p-Value

Gleason score <7 vs.
Gleason score ≥7

OR (95%CI)

p-Value

1.00
1.29
1.05
1.21

0.02
0.36
0.04

0.12

(ref.)
(0.79-2.124)
(0.57-1.92)
(0.77-1.90)

p-Value

1.00 (ref.)
1.07 (0.78-1.47)

0.20

0.31
0.88
0.42
0.69

Controls vs. BHP Prostate cancer vs. BHP
0.28

0.008

IL-6 plasma levels are given as medians. Statistically significant results (p<0.05) are highlighted in bold.

IL-6 plasma levels and association with IL-6 -174 genotypes.
IL-6 plasma levels were significantly elevated in prostate
cancer patients in comparison to both healthy men (p=0.02)
as well as BHP patients (p=0.008). Results are shown in
Table IV. No association was observed between the presence
of the IL-6 -174 genotypes and IL-6 plasma levels (Table V).

Discussion

Polymorphisms located in the promoter region of the IL-6
gene can result in variations in transcription and influence the
susceptibility to various diseases, including prostate cancer.
In our study the association between -174 promoter

polymorphisms of IL-6 and prostate cancer in Slovak patients
was investigated. The importance of studying the particular
polymorphism in different populations is underlined by the
fact that there are important ethnic differences in the
distribution of the -174 alleles. Bao et al. showed that, in Han
people of China, there was no variation at the -174 position
and all subjects have only the GG genotype (9). In this study,
the GC genotype was significantly associated with decreased
risk of prostate cancer development in Slovak prostate cancer
patients. However, the polymorphism was not significantly
associated with BHP. Similarly, to our results, Lopez et al.
observed that IL-6 -174 polymorphism is not associated with
BHP (10).
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Table V. Association of IL-6 -174 genotypes with IL-6 plasma levels.
IL-6 -174 G/C

Prostate cancer
BHP

GG

Genotypes and IL-6 levels (pg/ml)

2.99 (1.85-5.98)
1.83 (1.21-4.27)

GC

3.17 (1.32-7.48)
2.03 (1.26-3.02)

2.94 (1.85-4.89)
1.50 (1.06-2.97)

IL-6 plasma levels are given as medians with 25th-75th percentile range.

The previous studies on the association between IL-6 -174
polymorphism and prostate cancer risk reported inconsistent
results. Pierce et al. found an increased risk of prostate
cancer associated with the C allele (11). The magnitude of
this association was stronger in the more aggressive prostate
carcinomas than in the less aggressive cases (11). Similarly,
Tan et al. observed a significant association between this
polymorphism and increased risk of prostate cancer. They
also found that distribution of -174 genotypes was
significantly different between stages T3-T4 and T1-T2 (12).
On the other hand, Mandal et al. revealed that the GG
genotype was associated with 72% higher risk of prostate
cancer (OR=1.72, p=0.0257) compared to the GC and CC
genotypes (13). In contrast, we observed a decreased risk of
prostate cancer to be significantly associated with the
presence of the GC or CC genotypes which points to the fact
that the GG genotype is associated with an increased risk.
The study in the North Indian population suggests that IL-6
-174 polymorphism is associated with a two-fold increase in
the risk of progression to bone metastases (14). In contrast,
there are also studies that found no significant association
between IL-6 -174 genotypes and overall risk of prostate
cancer (15-19). Michaud et al. did not also observe any
association of either IL-6 -174 genotype with both early and
advanced stage prostate cancer (15).
In addition to analysis of the IL-6 -174 polymorphisms, we
also observed that IL-6 plasma levels were significantly higher
in prostate cancer patients in comparison to both healthy men
and BHP patients. Similarly to our findings, Stark et al.
observed that IL-6 levels are higher in prostate cancer patients.
They found that pre-diagnostic IL-6 levels were significantly
associated with the time of prostate cancer progression to
metastatic disease or to death among healthy weight patients
(16). However, it is assumed that IL-6 serum levels do not
indicate the presence of metastasis, but rather that the tumor has
the potential to metastasize (20). Alcover et al. also observed
that preoperative levels of IL-6 were predictors of biochemical
recurrence (21). Johnke et al. also detected higher IL-6 plasma
concentrations in prostate cancer patients compared to healthy
controls (22). On the other hand, Pierce et al. found no
significant association between prostate cancer risk and blood
IL-6 (11). Results of the study published by Yu et al. indicate
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CC

GG vs. GC

GG vs. CC

GC vs. CC

0.85
0.83

0.82
0.34

0.89
0.28

that IL-6 is not produced by prostate adenocarcinoma cells. The
expression of IL-6 mRNA is restricted, nearly exclusively, to
the stromal compartment and is highly upregulated in areas of
acute inflammation and prostatic atrophy. Therefore, it is
assumed that IL-6 most likely signals in a paracrine fashion
through IL-6 receptor and thus contributes to prostate cancer
development and progression (23).
We also tried to assess if the observed increase in the IL-6
plasma levels was associated with the presence of -174
polymorphism in the promoter region of IL-6 gene, which has
been reported to suppress gene transcription in vitro (5).
Neither IL-6 -174 genotype was associated with a significantly
changed IL-6 plasma levels in our study. However, our results
might be misleading, because a limited number of plasma
samples was analyzed. Previous studies that examined the
influence of this polymorphism on the levels of IL-6 presented
conflicting results. Some confirmed our observation of no
association (16, 24), but other described a change in IL-6 levels
due to the presence of different IL-6 -174 genotypes (5, 25).
These conflicting results might be explained by the probability
that more than one polymorphic sites in IL-6 gene are
functional and influence IL-6 transcription (26).
In the presented study, a significant protective role of the
GC genotype of IL-6 -174 polymorphism was demonstrated
in patients with prostate cancer. However, there are several
limitations of our study. All cases and controls were selected
from one hospital and, therefore may not ideally represent
the general population. Chronic inflammation, considered as
an important promoting factor of prostate cancer, is
multifactorial and a complex process influenced by many
other genetic factors. Therefore, our study offers only a
partial insight into the process of prostate carcinogenesis.
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