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tumor cell proliferation, apoptosis, and differentiation. The
se of this study was to evaluate the impact of the single nucleotide
olymorphism (SNP) -174G/C in IL-6 on the prognosis and pain tolerance
of non-small cell lung cancer (NSCLC) patients. DNA was extracted from
the peripheral blood of 434 patients with NSCLC, which was diagnosed
by cytology or histology. Polymerase chain reaction-restriction fragment
length polymorphism was used to detect the IL-6 -174G/C genotypes and
their correlation with survival was analyzed. The IL-6 -174G/C genotypes
were high IL-6 production type (G carriers - GG or GC genotypes) and low
IL-6 production type (CC genotype). The correlation between the IL-6 SNP
and pain level/analgesic use was also analyzed. Survival analysis showed
that patients carrying the G allele (CG/GG) had a shorter survival time
than patients with the CC genotype. The -174G/C SNP is in the promoter
region of the IL-6 gene and may be associated with changes in gene
transcription and serum cytokine levels. Presence of the IL-6 -174G/C SNP
is significantly correlated with morphine equivalent daily dose. Patients
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with the CC genotype needed a higher opioid dose than patients with the
GG or GC genotypes. In conclusion, we found that the IL-6 -174G/C SNP
is closely related to survival, analgesic use and pain tolerance in NSCLC
patients. However, it is necessary to further validate the results with a
larger patient cohort and elucidate the mechanisms of this SNP.

Key words: Interleukin-6; Small nucleotide polymorphism; Non-small cell
lung cancer; Survival; Prognosis

INTRODUCTION

Lung cancer is a prevalent form of cancer that accounted for 26 and 29% of cancer
deaths in women and men, respectively, in 2012. Eighty-five percent of these deaths were due
to non-small cell lung cancer (NSCLC), a type of lung cancer with a particularly poor prognosis
(Araujo et al., 2007; Jemal et al., 2011). Clinical and epidemiologic data shougthat inpatients
diagnosed with NSCLC, 20% were associated with chronic infections re associated
with smoking and pollutant inhalation (asbestos and silica), and 352

of which were due to a high-fat diet) (Molina et al., 2008). Tk microenvi-
ronment is composed of extracellular matrix, tumor cellsg®oro s, cyto-
kines, chemokines, hormones, and proteases. Ch Ok ar any biological
processes and may play a role in the autocripgfor g srine \Nctivn o or growth. Interleu-
kin-6 (IL-6) is a multifunctional cytokinggfiat is irf olved_in tuiho proliferation, apoptosis,
and differentiation. It is expressedgly mali »~ e, ithalal s and thus is closely related to
poor lung cancer prognosis L3 nd A 00 n and Karin, 2007; Aggarwal et al.,
2009). The IL-6 gene i atagla e 7o, and studies have found a single nucleo-
tide polymorphismgfonNR tioy pro a1, A point mutation from G to C at position -174

(rs1800795 ald I corelate with ges in the IL-6 gene transcription rate, affecting IL-6
levels in wie w el circilatios ere are two primary genotypes formed by this SNP: the
high IL-6 pro 2 tyl P (3@Fand GC genotypes) and low IL-6 production type (CC genotype).
Genetic studie shaveafown that the frequency of the G allele at position -174 has racial and
ethnic differencegiiSrandao et al., 2012). The first goal of this study was to investigate the role
of the -174G/C SNP in the IL-6 gene on NSCLC prognosis.

Pain is one of the most common and important factors affecting the prognosis of patients
with NSCLC. It was reported that 30-40% of patients were in pain during the active period of
the cancer, while this value reached 80% for patients in the later stages of disease. Opioids are
the first choice for dealing with pain from cancer, but they have a significant difference in effect
between individuals. High doses of opioids lead to neurotoxicity and repeated use may increase
side effects and tolerance. Therefore, it is necessary to identify a new biomarker to reflect patient
sensitivity to opioids. Cytokines may be involved in the mechanism for pain due to cancer and are
related to opioid drug tolerance. During inflammation or neural injury, activated neurons release
pro-inflammatory cytokines, leading to activation of pain transmission neurons. Synapses release
numerous substances, including substance P and excitatory amino acids, which can aggravate
the pain response. The second goal of this study was to investigate the relationship between the
-174G/C SNP in the IL-6 gene and pain in NSCLC patients.
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MATERIAL AND METHODS
Patient information

Between 1999 and 2012, 434 patients with NSCLC were enrolled in this study. The mean
age of the selected patients was 64.0 + 10.25 years. The inclusion criteria were: NSCLC diagnosed
by histology or cytology with no anti-tumor therapy except to relieve symptoms; Eastern Coopera-
tive Oncology Group score £2; and no other tumors present. Patients lacking tissue typing were
excluded from the study. Smoking status was defined as the patient continuing to smoke after
diagnosis. All patients provided written consent and the study was approved by the institutional
review board in Zibo Central Hospital.

IL-6 -174GI/C genotypes

DNA was extracted from white blood cells using the QIAmp® DNA Blood Mini Kit (Qiagen,
USA). Polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) was ap-

plied to analyze the presence of the IL-6 -174G/C polymorphism. Five units Il (New England
Biolabs, USA) was used to digest the PCR product at 37°C for 4 h. T iion fragment was
analyzed by electrophoresis on a 3% agarose gel. Fragments o ) ere consistent
with the CC homozygous genotype, a 164-bp fragment re ygous geno-

Kaplan-Meier curve was used to assess survival distribution. Lifetime was defined as the time span
from diagnosis to death or last assessment time. Multivariate Cox proportional analysis was per-
formed to determine the relationship between age, gender, tumor stage, pathology type, smoking,
and IL-6 genotype with NSCLC overall survival. Hazard ratio (HRs) and 95% confidence interval
(95%CI) were used to describe risk factors. Multivariate regression analysis was applied to evalu-
ate the relationship between the IL-6 -174G/C genotype with cancer pain degree and opioid dos-
age. P < 0.05 was considered to be significant.

RESULTS
Patient information

Of the 434 enrolled NSCLC patients, 165 cases were epidermoid carcinoma, 207 were
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adenocarcinoma, 40 were undifferentiated carcinoma, 14 were large cell carcinoma, 5 were mixed
carcinoma, and 3 cases with unknown carcinoma. Of the patients, 78.11% were male and 23.43%
were female, 72.12% were smokers; all data are summarized in Table 1. The frequency of geno-
types GG, GC and CC was 37.6, 54.9, and 7.5%, respectively.

The IL-6 polymorphism genotypes were divided into two groups according to their func-
tional activity: high IL-6 production group (G carriers- GC or GG genotypes) and low IL-6 produc-
tion group (CC genotype). We found that the expression frequency of the G carrier genotypes was
92.5%. All genotypes showed no significant differences between patients’ age at diagnosis (P =
0.367), tumor histology (P = 0.470), gender (P = 0.761), smoking history (P = 0.196), and tumor
stage (P = 0.238).

Table 1. Patient information.

Total of 434 cases

N %
Gender
Male 339
Female 93
Unknown 2
Age
Mean + SD | 63.00 £ 10.25
Histology

Epidermoid carcinoma

Adenoma

Undifferentiated carcinoma 9.22
Large cell carcinoma 3.22
Mixed carcinoma 1.15
Unknown 0.69
10.60
7.14
44.24
37.33
Unknown 0.69
Smoking history
Smoker 313 72.12
Non-smoker 114 26.27
Unknown 7 1.61

IL-6 -174G/C polymorphism and prognosis analysis

Kaplan-Meier analysis showed that the overall survival rate of NSCLC patients was differ-
ent based on the presence of the IL-6 -174G/C polymorphism. The survival time of patients car-
rying the G allele (CG/GG) was significantly shorter than patients with the CC genotype (42.31 vs
62.79 months, P = 0.032) (Figure 1).

To further investigate the role of the IL-6 -174G/C polymorphism in overall survival rate,
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the Cox proportional hazards model was applied to analyze gender, age, tumor stage, histology
type, smoking history, and other related variables. It was found that tumor stage (P < 0.001), smok-
ing history (P = 0.013), and IL-6 -174G/C polymorphism (P = 0.022) were independent prognostic
factors for the overall survival rate of NSCLC patients (Table 2).
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Figure 1. Kaplan-Meier survival 2 . vival curves are shown for NSCLC patients with
the CC genotype and G cars

of overall survival rate.

95% ClI P value
1.077-2.628 0.022
0.668-1.391 0.844
Age (63, <6 0.788-1.224 0.871
Smoking history . 1.001-2.024 0.049
Histology type 0.933 0.810-1.074 0.336
Tumor stage 2.470 1.969-3.099 <0.001

Correlation between IL-6 -174G/C polymorphism and pain

On a scale of 1 to 10, a score greater than 7 was defined as severe pain. Our survey
results revealed that 41% of patients presented severe pain at diagnosis and the average MEDD
was greater than 120 mg/24h. Univariate analysis showed that the IL-6 -174G/C gene polymor-
phism was significantly correlated with MEDD (GG = 69.61; GC = 93.6; CC = 181.67; P = 0.004).
The opioid dose in relation to the different IL-6 genotypes was significantly higher in males than
females. Multivariate logistic regression analyses also showed that patients with the homozygous
CC genotype needed a higher opioid dose than those with GG or GC genotypes (odds ratio = 4.7;
95% CIl = 1.2-15.0). This data is summarized in Table 3.
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Table 3. Correlation of IL-6 -174G/C gene polymorphism with pain leveland MEDD (morphine equivalent daily dose).

Genotype Pain level MEDD
Total number Male Female Total Male Female
Mean value Mean value Mean value Mean value Mean value (SD) Mean value
(SD) (SD) (SD) (SD) (SD)
GG 5.00 (3.20) 4.68 (3.21) 5.40 (3.21) 69.61 (77.4) 72.89 (83.92) 64.81 (68.06)
GC 4.30 (2.81) 5.43 (3.18) 3.47 (2.24) 73.17 (93.6) 75.56 (117.90) 71.30 (71.97)
CcC 3.42 (1.86) 3.67 (2.5) 3.40 (0.894) 181.67 (228.0) 235.71 (107.39) 106.00 (98.38)
GC +CC 4.11(2.98) 4.9 (3.04) 3.46 (2.02) 97.7 (140.0) 120.40 (188.19) 77.5 (76.40)
DISCUSSION

Recent research has shown that inflammatory mediators may promote the development
of a variety of tumors in cancers, including lung cancer. It was reported that the -174G/C polymor-
phism in IL-6 is correlated with lung cancer (Crohns et al., 2010). This study aimad to explore the
link between the IL-6 -174G/C polymorphism and prognosis of patients with C. IL-6 plays an

to poor prognogfs’in breast, prostate, pancreatic, and ovarian cancers. Crohns et al. (2010) showed
that levels of IL-6 and other cytokines may be involved in prognosis in lung cancer patients. Enewold
et al. (2009) hypothesized that high serum levels of IL-6, IL-10, IL-12, and TNF-a are correlated with
poor prognosis of lung cancer in African Americans and Caucasians. Thus, it can be deduced that
high IL-6 levels in the peripheral circulation is related to a worse response to chemotherapy and poor
clinical prognosis in NSCLC patients (Liu et al., 2012; Zarogoulidis et al., 2013). SNPs located in the
promoter region of IL-6 can alter gene transcription, thereby affecting the serum level of the cytokine.
A cytosine-to-guanine mutation in IL-6 at position -174 has been identified and the G allele has been
confirmed to be related to multiple diseases, including cancer (Pine et al., 2011)

Several studies have indicated that IL-6 level is related to lung cancer prognosis (Cox et
al., 2001). However, to our knowledge, this is the first study to explore the association between the
IL-6 -174G/C gene polymorphism in the promoter region and NSCLC prognosis. Our results show
that NSCLC patients with a G carrier genotype (GG or CG) had a significantly shorter survival time
compared to those with the CC genotype (survival was ~20 months shorter; P = 0.032). Multivariate
Cox proportional analysis revealed that the SNP plays an important role in NSCLC patient prog-
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nosis (HR = 1.680; 95% CI = 1.075-2.624; P = 0.023). Another possible explanation is that IL-6
can regulate cytochrome P450 (CYP) enzyme expression and it has been confirmed that CYP1B1
is overexpressed in lung, colon, breast and other cancers. CYP1A1 and 1B1 can activate many
pro-cancer substances, such as heterocyclic amines and polycyclic aromatic hydrocarbons. Patel
et al. (2014) confirmed that IL-6 can inhibit microRNA 27b (miR27b) expression and upregulate
CYP1B1 expression. IL-6 can induce phenotypic change in cells in colon tumors, which leads to
drug resistance. It can also stimulate carcinogen metabolism in situ, leading to DNA damage and
enhanced tumor invasiveness (Meenagh et al., 2002; Yang et al., 2014).

Preclinical data suggest that different IL-6 genotypes may affect opioid analgesic dose in
pain management in NSCLC patients. Bianchi et al. (1999) revealed that the analgesic effect was
reduced in IL-6 knockout mice, and IL-6 deficient mice produced tolerance to analgesic drugs. Our
data also indicate a correlation between IL-6 genotype and pain in NSCLC patients. Serum IL-6
level was decreased in patients with the homozygous CC genotype, and they required a signifi-
cantly higher opioid dose than patients with other genotypes (GG or GC). In addition, male NSCLC
patients with the CC genotype required the highest dose of analgesic drugs. Ahus, detecting IL-6
gene polymorphisms in NSCLC patients may predict patient response tQ analgesics, which
can help improve quality of life and prognosis.

In summary, the IL-6 -174G/C polymorphism is close
gesic use, and survival in NSCLC patients. Further inves
tial mechanism of this SNP and it is necessary to ca
study of NSCLC patients.
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