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ABSTRACT. Strong evidence suggests that cancer-associated
inflammation promotes tumor growth and progression, and interleukin-6
(IL6) is an important modulator of inflammation. However, the roles of
IL6 and mutations of its corresponding gene in prostate cancer have not
been clearly documented. We retrieved data from the Oncomine database
concerning /L6 expression in prostate cancer and its role in prostate-
specific antigen (PSA) recurrence. We also performed a case-control
study of the /L6 -572G/C polymorphism (rs1800796) in 236 sporadic
prostate cancer patients and 256 healthy controls from a southern Han
Chinese population. Odds ratios (ORs) with 95% confidence intervals
(CIs) were estimated to assess the association between rs1800796 and
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prostate cancer susceptibility. A dual-luciferase reporter assay was used
to test the transcriptional activity of the /L6 promoter G and C alleles.
1L6 was overexpressed in prostate cancer tissues compared to normal
tissues, especially in those with higher Gleason scores. Moreover,
elevated /L6 expression was associated with high PSA recurrence rate
in Oncomine data. Our case-control study demonstrated that compared
with the -572C allele, the -572G allele conferred a borderline increased
risk of prostate cancer (OR = 1.31, 95%CI = 0.99-1.74, P = 0.061).
This was more pronounced in the subgroup of individuals having
never smoked (OR = 1.85, 95%CI = 1.07-3.22). Moreover, the G allele
showed increased activity relative to the C allele in the dual-luciferase
reporter assay. Our results suggest that the -572G/C polymorphism may
be associated with /L6 expression, which in turn plays a role in prostate
cancer development.
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INTRODUCTION

Accumulating evidence suggests that inflammation is involved in the development
and progression of prostate cancer (Platz and De Marzo, 2004). Several surrogate measures of
inflammatory status, such as history of prostatitis (Dennis et al., 2002) and sexually transmitted
infections (Dennis and Dawson, 2002), and genetic variation in immune response genes
(Sun et al., 2007) have been associated with prostate cancer risk. Moreover, inflammation is
frequently observed in prostate tumor specimens and proliferative inflammatory atrophy is
often present adjacent to tumor cells and prostatic intraepithelial neoplasia (Schatteman et al.,
2000; Gerstenbluth et al., 2002). The degree of inflammation in prostate tumors independently
predicts disease aggressiveness in the form of biochemical recurrence (Irani et al., 1999).

Interleukin-6 (/L6), mapped to chromosome 7p21-24, is a key inflammatory mediator of
the Th2 response. It encodes a 185-amino acid phosphorylated glycoprotein cytokine involved in
various pathophysiological processes, such as inflammation and carcinogenesis, including bone
metastasis (Corcoran and Costello, 2003). Increased IL6 levels in prostate cancer are associated
with decreased apoptosis, enhanced invasive capacity and angiogenesis via MAPK, STAT3, and
PI3K-AKT signaling pathways, and activation of androgen receptors (Cabrespine et al., 2007).

Several common single nucleotide polymorphisms have been identified in the /L6
gene promoter, namely -597G/A, -572G/C, and -174G/C (Terry et al., 2000). Recently, Gu et
al. (2008) reported that only one of these (-572G/C, rs1800796) was identified in a Han Chinese
population. Moreover, this polymorphism is associated with IL6 production by leukocytes in
response to in vitro lipopolysaccharide stimulation in an allele-dose-dependent manner.

Although several reports exist concerning the association between /L6 sequence
variations and prostate cancer, most have concentrated on the -174G/C variant, another
functional polymorphism in the promoter of this gene. Since serum IL6 levels are highly
increased in prostate cancer patients, and the -572G/C polymorphism affects IL6 transcription
and production in vivo, we hypothesized that this variant might affect individual susceptibility
to this disease. Hence, we performed a case-control study of 236 prostate cancer patients and
256 healthy controls in a southern Han Chinese population.
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MATERIAL AND METHODS
Oncomine database

Prostate cancer microarray datasets were retrieved from the Oncomine Cancer
Profiling Database (www.oncomine.org) to investigate /L6 expression in this disease.

Study subjects

Subjects in this study were unrelated individuals of similar ethnicity from southern
China having visited the Second Affiliated Hospital, Zhejiang Chinese Medical University.
To be included in our study, patients (N = 236) had to have histologically confirmed prostate
adenocarcinoma, be of similar ethnicity to other patients in this group, and provide their
informed consent. Control subjects (N = 256) were frequency-matched individuals with no
history of cancer having received a routine checkup, and were recruited over the same period.
Controls were excluded if they had an abnormal prostate-specific antigen (PSA) level (>4.0
ng/mL), or abnormal digital rectal examination results.

This study was approved by the Second Affiliated Hospital, Zhejiang Chinese Medical
University. Each subject was interviewed personally using a questionnaire regarding age,
race, tobacco use, alcohol consumption and family history of cancer. For the present research,
smoking was defined as more than five cigarettes per day for more than five years. Pack-years
[(cigarettes per day / 20) x (years smoked)] were calculated as an indication of cumulative
smoking exposure. Drinking was defined as the consumption of alcohol at least three times
per week for more than 10 years. Family history of cancer was defined as cancer in first-degree
relatives (parents, siblings, or children). A peripheral blood sample (2 mL) was collected from
patients and controls in ethylenediaminetetraacetic acid-containing vials. For patients, disease
stage was determined by pathologic findings, pelvic computed tomography scanning, magnetic
resonance imaging, and radionuclide bone scans. Tumor stage was determined using tumor-
node-metastasis (TNM) classification and graded according to World Health Organization
guidelines. Pathologic grade was recorded using Gleason scoring.

Genotyping

Genomic DNA was extracted from whole blood by the standard proteinase K
digestion and phenol/chloroform method (Lee et al., 1998). Polymorphisms were analyzed
using the polymerase chain reaction (PCR)-restriction fragment length polymorphism (RFLP)
technique. Each PCR comprised 10 pL, containing 5 ng genomic DNA, 2.5 pmol each primer,
4 uL double-distilled H,O, and 5 pL PCR Mix (Nanjing Genetime Biotechnology Co., Nanjing,
China). A PTC-200 thermal cycler (Bio-Rad, Hercules, CA, USA) and the following primers
were used: 5'- GCC AGG CAG TTC TAC AAC AGG C-3' (forward) and 5'- CCT CTG ACT
CCATCG CAG CC-3' (reverse). For RFLP analysis, PCR products were digested with Haelll
(MBI Fermentas Inc., Waltham, MA, USA) at 37°C overnight, then separated on a 3.0%
agarose gel, and subsequently stained with ethidium bromide. Two researchers performed
the RFLP procedure and gel analysis. As confirmation, 10% of samples were retested and
consistent results were obtained.
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Dual-luciferase reporter assay

IL6 promoter luciferase reporter vectors containing either the -572G or -572C sequence
were prepared by amplifying the /L6 promoter region using the following restriction site-
containing primers: 5'-GAA GGT ACC ACA GTG GTG AAG AGA CTC AG-3' (forward) and
5'-GGC TCG AGG GCA GAA TGA GCC TCA GAC-3' (reverse) for -572C; 5'-CAA CAG
CCC CTC ACA GGG AGA GCC AG-3' (forward) and 5-TGT GAG GGG CTG TTG TAG
AAC TGC CTG G-3' (reverse) for -572G. The fragments were subsequently cloned into a
pGL3-Basic vector (Promega, Madison, WI, USA), and after confirmation by sequencing,
vectors were transfected into DU145 and PC3 cells. Approximately 10° cells were seeded
onto 24-well plates and each well was transfected with 1.0 pg vector DNA carrying either the
-572G or -572C sequence, and 0.1 pg pRL-SV40 control vector. After 48 h of transfection, cell
lysates were harvested and firefly luciferase activity was measured and normalized against that
of Renilla luciferase using a dual-luciferase reporter assay (Promega).

Statistical analysis

Associations between clinicopathologic factors and the /26 -572G/C polymorphism were
assessed by the chi-square test or Fisher exact test. Odds ratios (ORs) and 95% confidence internals
(Cls) were calculated by logistic regression analysis to quantify the association between the /L6
-572G/C polymorphism and risk of prostate cancer, with adjustment for potential covariates [age,
body mass index (BMI), cigarette smoking, alcohol drinking, and family history of cancer].

RESULTS
Expression of /L6 in prostate cancer and its role in PSA recurrence

As shown in Figure 1, in Taylor’s study, expression of /L6 in prostate cancer specimens
was significantly increased compared to normal tissues (Figure 1A, P = 0.002). In addition, in
Singh’s study, higher /L6 levels in prostate cancer tissues were associated with higher Gleason
scores (Figure 1B, P = 0.012). To assess the role of /L6 expression in PSA recurrence, we
conducted survival analyses using three studies and found that high levels of /L6 were related
to poorer prognoses (Figure 2).

Taylor Prostat
aylor Prostate Singh Prostate

E=0:002 P=0012

IL6 expression
IL6 expression

Figure 1. A. Data in the Oncomine cancer database demonstrated differential expression of /L6 in prostate cancer
specimens compared with normal tissues in Taylor’s study. B. Higher /L6 expression in prostate cancer tissues was
associated with higher Gleason score (GS; P =0.012) in Singh’s study.
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Figure 2. Role of /L6 in predicting biochemical relapse after radical prostatectomy.
Characteristics of the study population

Demographic and other selected characteristics of the study population are presented
in Table 1. Compared with control subjects, prostate cancer patients had higher BMIs (P =
0.009) and were more likely to have a family history of cancer (P =0.031). Cases and controls
were similar in terms of age and smoking and drinking status.

Table 1. Demographic characteristics of prostate cancer cases and control subjects.

Characteristic Cases (N =236) Controls (N =256) P value®
N % N %

Age (years) 0.591
<70 104 44.07 119 46.48

>70 132 55.93 137 53.52

Body mass index (kg/m?) 0.009
<23 77 32.63 113 44.14

>23 159 67.37 143 55.86

Cigarette smoking (pack-years) 0.340
0 96 40.68 118 46.09

<20 54 22.88 60 23.44

>20 86 36.44 78 30.47

Alcohol drinking 0.069
Never 130 55.08 120 46.88

Ever 106 44.92 136 53.13

Family history of cancer 0.031
No 179 75.85 214 83.59

Yes 57 24.15 42 16.41

“Two-sided chi-square test of distributions in case and control groups.
IL6 polymorphism genotype distribution and risk of prostate cancer

Table 2 shows /L6 -572G/C genotype and allele distributions among cases and
controls. Genotype frequencies in the control group were in agreement with Hardy-Weinberg
equilibrium (chi-square = 2.80, P = 0.094), suggesting that our results are applicable to the
wider population. After adjusting for potential covariates (age, BMI, cigarette smoking, alcohol
drinking, and family history of cancer), no significant association was observed between the
-572G/C polymorphism and prostate cancer risk.
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Table 2. Genotypes of prostate cancer patients and control subjects.

Genotype Cases [N (%)] Controls® [N (%)] P value® Adjusted OR (95%CI)*
Total 236 256

cc 117 (49.58) 144 (56.25) 1.00 (reference)
GC 88 (37.29) 89 (34.77) 0.257 1.25 (0.85-1.86)
GG 31(13.14) 23 (8.98) 0.130 1.60 (0.87-2.96)
Trend test

cc 117 (49.58) 144 (56.25) 0.123 1.00 (reference)
GC/GG 119 (5042) 112 (43.75) 133 (0.93-1.92)
Allele

[¢ \ 322 (68.22) [ 377 (73.63) | 0.061 \ 1.00 (reference)
G | 150 (31.78) | 135 (26.37) | \ 1.31 (0.99-1.74)

*Genotype frequencies among control subjects did not deviate from the Hardy-Weinberg equilibrium (chi-square
= 2.80, P = 0.094). "Two-sided chi-square test of genotype distributions or allele frequencies in case and control
groups. ‘Obtained from a logistic regression model with adjustments for age, body mass index, cigarette smoking,
alcohol drinking, and family history of cancer. OR = odds ratio, CI = confidence interval.

Stratified analyses

Analyses of the association between /L6 genotypes and prostate cancer risk stratified
by disease stage (localized: T ,N M_; advanced: T, NxMx, TxN Mx, or TxNxM), pathologic
grade (Gleason score < 7, 7, and > 7), and serum PSA level (< 20 and > 20 ng/mL) are shown
in Figure 3 and Table S1. The effect of the /L6 polymorphism on prostate cancer risk was
found to be significant for localized (OR = 1.66, 95%CI = 1.04-2.66, P = 0.034 for GC/GG
vs CC) but not advanced disease. The GC/GG genotype was found to be associated with
significantly increased risk in subjects with a Gleason score of 7 (OR = 1.82, 95%CI = 1.11-
3.00, P = 0.019). Moreover, increased risk was more pronounced among the subgroup of
individuals having never smoked (OR = 1.85, 95%CI = 1.07-3.22; Figure 4 and Table S2).

Study Odds ratio
Clinical stage (95% CI)

Localized B e 1,66 ( 1.04, 2.66)

Advanced Y 1.22(0.79, 1.90)
Gleason score

<7 | 1.10(0.62, 1.97)

=7 ] 1.82 (1.1, 3.00)

>7 —il 1.28(0.77, 2.13)
PSA

<20 — 1.20 ( 0.80, 2.09)

> 20 i [ ] 1.49(0.97, 2.29)

T : T
0.570024 i | 3.10252
Odds ratio

Figure 3. Forest plots representing stratified analyses of the association between the /L6 polymorphism and
prostate cancer risk. Odds ratios (ORs) were obtained from a logistic regression model with adjustments for age,
body mass index, cigarette smoking, alcohol drinking, and family history of cancer. CI = confidence interval, PSA
= prostate-specific antigen.
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Figure 4. Forest plot of the association between prostate cancer risk and the /L6 polymorphism (GC/CC vs GG)
based on stratification of patients by demographic characteristics. CI = confidence interval.

Dual-luciferase reporter assay

As shown in Figure 5, the vector carrying the -572G allele showed an increase in
relative luciferase activity compared with that containing the -572C allele, in both DU145 and
PC3 cells (P < 0.001).
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Figure 5. Luciferase reporter assays measuring differences between rs1800796 G and C alleles. Cells were
transiently transfected with G or C allele-bearing reporter vectors. Firefly luciferase activity was measured and
normalized to that of Renilla luciferase. Results represent percentages of Renilla luciferase activity. Data are
reported as means + standard deviations of at least three independent experiments. *P < 0.05.
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DISCUSSION

In the present study, we focused on prostate cancer risk in relation to the /L6 -572G/C
polymorphism. We found this relationship to be significant for never-smokers (OR = 1.85,
95%CI = 1.07-3.22), especially in localized (OR = 1.66, 95%CI = 1.04-2.66) and moderately
differentiated (OR =1.82, 95%CI =1.11-3.00) disease. Furthermore, the G allele demonstrated
increased luciferase activity relative to the C allele in a dual-luciferase reporter assay. To the
best of our knowledge, this is the first study concerning the /L6 -572G/C polymorphism and
prostate cancer risk.

This polymorphism appears to be biologically and clinically important. There is
increasing evidence that /L6 sequence variations are associated with altered levels of IL6
expression. An association between the -572G/C genotype and increased IL6 concentration has
been recently reported in healthy Chinese volunteers (Gu et al., 2008), and in the present study,
rs1800796 G and C alleles were shown to confer distinct promoter activities during transcription.
The association between the -572G/C polymorphism and various diseases has been examined
previously, including in duodenal ulcer (Kang et al., 2009), diabetes and periodontitis (Xiao et
al., 2009), tuberculosis (Zhang et al., 2012), and hepatitis B virus infection (Zhang et al., 2015).
Conflicting conclusions have been reached; however, this is understandable given that IL6 plays
various roles in different processes. While revising our manuscript, a paper focusing on the
-572G/C polymorphism and prostate cancer risk (Chen et al., 2015) was published supporting
our conclusion that this variant contributes to prostate cancer development. However, the present
study is more comprehensive and convincing, considering our inclusion of gene-environment
interaction analysis and a functional demonstration of this polymorphism’s effects.

Stratifying cases by clinical characteristics revealed the GC/GG genotype to be
significantly associated with localized, but not advanced prostate cancer. Moreover, significant
results were returned in relation to moderately differentiated (Gleason = 7), but not poorly and
well-differentiated disease (Gleason > and < 7). Although a correlation has been established
between /L6 expression and prostate cancer clinical severity, exactly how the -572G/C
polymorphism affects the clinicopathological features of this disease remains unknown.
Genetic alterations other than the -572G/C variant may play important roles in the progression
and metastasis of prostate cancer, and the numbers of cases in our subgroup analyses were
relatively small. Therefore, whether this polymorphism exerts phenotypic effects on prostate
cancer deserves further investigation.

Asthe GC/GG genotype conferred significantly increased risk on never-smokers, it appears
that the effect of genotype and its diagnostic value were greater among non-smokers than smokers.
Tobacco smoke contains multiple carcinogens, including polycyclic aromatic hydrocarbons and
N-nitroso compounds, and smoking has been proven to be an independent risk factor in several
cancers (Hecht, 2002). Compared to exposure to these carcinogens, the effect of the -572G/C
polymorphism must be relatively weak in smokers. Other risk factors, such as reduced DNA repair
capacity among smokers (Wei et al., 2000) might also contribute to this disparity.

CONCLUSIONS

We demonstrated that the -572G/C polymorphism modulates the transcriptional
activity of the /L6 promoter, resulting in elevated risk of prostate cancer, which was confirmed
using data from the Oncomine database.
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