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Abstract: We aimed to investigate the association of IL-4 and IL-4 receptor (IL-4R) gene polymorphisms with the im-
munotherapeutic effects and prognosis of advanced renal cell carcinoma (RCC) in Chinese population. Genotypes of 
rs2243250 and rs1805010 in IL-4 and IL-4R genes were detected in 112 advanced RCC patients and 150 healthy 
controls by PCR-RFLP, and these associations were analyzed by chi-square test and log-rank test. The distributions 
of genotype and allele of rs2243250 and rs1805010 in patients and controls were significant differences (P<0.05). 
But the clinical baselines, immunotherapeutic effects, and incidence of adverse events were not significant differ-
ence in patients with different genotype or allele (P>0.05). However, rs2243250 TT genotype carried patients had 
significantly longer median progression free survival (mPFS) and median overall survival (mOS) than others (Log 
rank P<0.05); rs1805010 carriers AG had significantly longer mPFS, AA had significantly longer mOS than others 
(Log rank P<0.05). Rs1805010 genotypes and adverse events of immunotherapy had prognosis value with a risk ra-
tio of 1.86 and 1.65, respectively. We infer that the polymorphisms rs2243250 in IL-4 and rs1805010 in IL-4R gene 
could consider to be biomarkers of predicting the risk and survival for advanced RCC patients in Chinese population.

Keywords: Interleukin-4, Interleukin-4 receptor, polymorphism, renal cell carcinoma, immunotherapy, prognosis

Introduction

Renal cell carcinoma (RCC) is a severe and 
highly malignant cancer with an increasing inci-
dence of appropriately 2% each year [1]. Almost 
30% of RCC patients suffer advanced or meta-
static carcinoma with 5-year survival rate of 
lower than 20% in the developing countries  
[2]. However, RCC as well as other carcinomas 
are multifactorial diseases involved in the inter-
actions between genetics and environments 
[3]. Genetic variations such as gene poly- 
morphisms, single nucleotide polymorphisms 
(SNPs), have been demonstrated to play a key 
role in the carcinogenesis through affecting the 
cell apoptosis, inflammatory reaction, cytokine 
function, and so on [4, 5].

Interleukin-4 (IL-4) is a pleiotropic cytokine pro-
duced by basophils, mast cell, and activated 

CD4+ T cell [6]. It has important effects on the 
proliferation, differentiation, survival, and gene 
expression of different immunologically compe-
tent cells [7]. Numerous studies have indicated 
that IL-4 and IL-4 receptor (IL-4R) gene polymor-
phisms were associated with the increasing 
risks of oral cancer [8], transitional cell carci-
noma [9, 10], and cervical cancer [11]. Further- 
more, a meta-analysis involving more than ten 
thousand individuals suggested that the low 
frequency allele in the SNP rs2243250 poly-
morphism in IL-4 gene was significantly associ-
ated with the decreased oral cancer risk but 
increased renal cell cancer risk [12]. 

For RCC, various SNPs in IL-4 and IL-4R gene 
have been demonstrated susceptibility to RCC. 
The CC genotype of IL-4 gene rs2243250 poly-
morphism could significantly decreased RCC 
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risk in an association analysis of Chinese popu-
lation [13]. IL-4R polymorphism rs1805010 
was associated with increased RCC risk [14]. 
Meanwhile, the exploration on the association 
of IL-4 and IL-4R gene polymorphisms with 
prognosis of RCC has also been launched in 
Japanese [15] and Australian [16] population, 
respectively. These studies suggested that 
polymorphisms in IL4 and IL-4R genes may con-
sider to be the biomarkers for the prognosis of 
RCC. 

Overall, the associations of IL4 and IL-4R gene 
polymorphisms with RCC risk in Chinese popu-
lation have been cleared by recent studies; but 
the relationship between these polymorphisms 
with immunotherapeutic effects and prognosis 
of RCC in Chinese population have never been 
clarified. This lack of information impedes a 
complete comprehension of the role of IL-4 sys-
tems variants in carcinogenesis of RCC. Hence 
we aimed to determine whether there exists an 
association of IL-4 and IL-4R gene polymor-
phisms with the risk, clinical baseline, immuno-
therapeutic effects, adverse events, and prog-
nosis of advanced RCC in our Chinese Han 
populated samples.

Meanwhile, one hundred and fifty healthy con-
trols (92 male, 58 female) with high quality of 
DNA sample and without complex disorders 
including hypertension, diabetes, immunologi-
cal mediated disease, mental disorders, and 
cancers were selected from located Henan 
province. All participants in the study were 
Chinese Hans. The mean age of the patients 
and controls were 57.52 ± 8.65 and 55.58 ± 
8.33 years, respectively. All subjects consent-
ed to participate in the study after reviewing 
the informed consent. The study was approved 
by the Institutional Review Board of the Xinxiang 
Central Hospital and affiliated regional hospi-
tals. The demographic characteristics of the 
participants were showed in Table 1. No signifi-
cant differences in age, gender, smoking and 
drinking histories between the two groups.

Genotyping

The global genomic DNAs were extracted from 
peripheral blood mononuclear cells using stan-
dard protocols then stored at -20°C. The IL-4 
SNP rs2243250 and IL-4R SNP rs1805010 
polymorphisms were amplified by polymerase 
chain reaction with the following primers: Sense 
5’-TAAACTTGGGAGAACATGGT-3’ and antisense 

Table 1. Characteristics of participants
Characteristic Patients Controls P
Sample size 112 150
Mean age (years) 57.52±8.65 55.58±8.33 0.07
Gender
    Male 72 (64.29%) 92 (61.33%) 0.63
    Female 40 (35.71%) 58 (38.67%)
Smoke 33 (29.46%) 38 (25.33%) 0.51
Drink 14 (12.50%) 17 (11.33%) 0.80
KPS (scores) 69.11±10.36
Clinical stage
    III 78 (69.64%)
    IV 34 (30.36%)
Distant metastasis
    Yes 21 (18.75%)
    No 91 (81.25%)
Prior therapy
    INF-α 49 (43.75%)
    IL-2 21 (18.75%)
    INF-α+IL-2 42 (37.50%)
Range of follow-up (months) 2-52
Median follow-up (months) 25

Materials and methods

Subjects

One hundred and twenty-four patients 
with advanced RCC were recruited from 
the Xinxiang Central Hospital and affili-
ated regional hospitals of Xinxiang and 
Anyang in North of China. But twelve 
patients were excluded by the poor 
quality of DNA amplifications. Finally, 
one hundred and twelve (72 male, 40 
female) advanced RCC (clinical stage 
diagnostic criteria of AJCC 2010 [17]) 
patients with pathological diagnosis of 
clear-cell carcinoma were included. All 
the patients have never received tumor 
removed operation or systemic chemo-
therapy and immunotherapy until they 
were enrolled. After the strict testing 
and evaluation by CT or MRI, the 
patients were received standardized 
immunotherapy (49 INF-α, 21 IL-2, 42 
INF-α and IL-2) and adjuvant therapy 
under the guidance of NCCN in China 
(http://www.nccnchina.org/).
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5’-TGGGGAAAGATAGAGTAATA-3’ for IL-4 gene 
fragment [13], Sense 5’-GGCAGGTGTGAGGAG- 
CATCC-3’ and antisense 5’-GCCTCCGTTGTTC- 
TCAGGTA-3’ for IL-4R gene fragment [18]. The 
PCR amplification was performed in a 25 μl 
reaction volume containing 10 × PCR buffer 
2.5 μl, dNTP mix (2.5 mM) 0.5 μl, each Primer 
(10 μM) 1 μl, genomic DNA 1 μl, Taq DNA poly-
merase (5 U/μl, supplied by Tian Gen) 0.4 μl 
and sterile deionized water 18.6 μl. After initial 
denaturation at 94°C for 5 min, the mixture 
was performed to 35 cycles of 94°C for 30 s, 
55°C for 30 s, and 72°C for 45 s and a final 
elongation at 72°C for 10 min [19]. The PCR 
product was cleaved using Ava II (IL-4, 
rs2243250) and Rsa I (IL-4R, rs1805010) 
restriction enzymes (supplied by Thermo) at 
37°C for 2 h, then analyzed by electrophoresis 

Statistical analysis

Hardy Weinberg equilibrium was performed 
using Haploview 4.1 to identify the genotype 
distributions of these two polymorphisms in 
IL-4 and IL-4R genes [20]. The following statisti-
cal analysis was performed in SPSS 18.0 soft-
ware. The associations of IL-4 and IL-4R gene 
polymorphisms with the risk, clinical baseline, 
immunotherapeutic effects and adverse events 
of advanced RCC patients were evaluated by X2 
test. The Kaplan-Meier method and the log-
rank test for analysis of survival were used to 
examine the prognostic significance of the 
respective IL-4 and IL-4R genotypes for PFS 
and OS [16]. Cox forward stepwise regression 
model was used in multivariate analysis to 
determine the independent risk factors of prog-

Table 2. Association of IL-4 and IL-4R polymorphisms with the risk of 
advanced RCC
Polymorphism Patients Controls P Odd Ratio 95% CI
Rs2243250
    CC 6 (5.36%) 8 (5.33%) 0.04 Reference
    CT 31 (27.68%) 64 (42.67%) 1.55 0.49-4.85
    TT 75 (66.96%) 78 (52.00%) 0.78 0.26-2.35
    C allele 43 (19.20%) 80 (26.67%) <0.05 Reference
    T allele 181 (80.80%) 220 (73.33%) 0.65 0.43-0.99
Rs1805010
    AA 43 (38.39%) 44 (29.33%) 0.04 Reference
    AG 51 (45.54%) 62 (41.33%) 1.19 0.68-2.08
    GG 18 (16.07%) 44 (29.34%) 2.39 1.20-4.77
    A allele 137 (61.16%) 150 (50%) 0.01 Reference
    G allele 87 (38.84%) 150 (50%) 1.57 1.11-2.24

on 3% agarose gels. Ge- 
notypes for rs2243250 and 
rs1805010 polymorphisms 
were identified by two in- 
vestigators independently. 
Three genotypes resulting 
from digestion with Ava II 
were CC (177, 18 bp), CT 
(195, 177, and 18 bp) and 
TT (195 bp). Three geno-
types yield from digestion 
with Rsa I were GG (273 bp), 
AG (273, 254, and 19 bp) 
and AA (254, 19 bp).

Clinical measures

The objective response rate 
(ORR), disease control ra- 
te (DCR) and KPS improve-
ment rate was used to 
examine the immunothera-
peutic effects of advanced 
RCC patients. The incidence 
of adverse events, including 
flu-like symptoms, aleuko- 
cytosis, thrombocytopenia, 
hypopiesia, and emesia, 
was used to investigate the 
safety of INF-α and IL-2. 
Furthermore, the prognosis 
of advanced RCC patients 
was estimated by progres-
sion free survival (PFS) and 
overall survival (OS).

Table 3. Association of IL-4 and IL-4R polymorphisms with clinical 
baseline of advanced RCC patients (N=112, N)

Factors
Rs2243250 Rs1805010

CC CT TT X2 P AA AG GG X2 P
Clinical stage
    III 5 20 53 0.95 0.62 30 33 15 2.18 0.34
    IV 1 11 22 13 18 3
Distant metastasis
    Yes 1 7 13 0.41 0.81 7 13 1 3.75 0.15
    No 5 24 62 36 38 17
Prior therapy
    INF-α 3 12 34 1.50 0.83 17 26 6 3.22 0.52
    IL-2 1 8 12 7 9 5
    INF-α+IL-2 2 11 29 19 16 7
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nosis [21]. A power analysis was performed 
using the Genetic Power Calculator. All statisti-
cal tests were two-tailed, P value was adjusted 
with age and gender, and P<0.05 was the 
threshold level for statistical significance. 

Results

Association of SNPs with the risk, clinical 
baseline, and immunotherapeutic effects of 
advanced RCC

The genotype frequencies of the IL-4 and IL- 
4R gene polymorphisms rs2243250 and 
rs1805010 were in Hardy-Weinberg equilibri-
um. The distribution of genotype (P=0.04) and 
allele (P<0.05) of rs2243250 were significant 
differences when comparing patients and con-
trols (Table 2), and C-allele carriers seemed to 
decrease the risk of advanced RCC. Further- 
more, significant differences were also found  
in the genotype (P=0.04) and allele (P=0.01) 
distribution of rs1805010 when comparing 
patients and controls (Table 2), while G-allele 
carriers seemed to decrease the risk of ad- 

vanced RCC. However, no significant difference 
was demonstrated in the clinical baselines, 
such as clinical stage, distant metastasis, and 
prior therapeutic drugs among the patients 
with different genotype of rs2243250 and 
rs1805010 (P>0.05, Table 3). Moreover, after 
standardized immunotherapy for 112 advanced 
RCC patients, the immunotherapeutic effects 
(ORR, DCR, and KPS improvement rate) and the 
incidence of adverse events were also no sig-
nificant difference among the patients with dif-
ferent genotypes of rs2243250 and rs1805- 
010 (P>0.05, Table 4). This study had the po- 
wer of 0.752 overall.

Association of SNPs with progression free sur-
vival and overall survival

In the present study, Kaplan-Meier method and 
log-rank test were used to investigate the influ-
ences of IL-4 and IL-4R gene polymorphisms 
rs2243250 and rs1805010 on prognosis of 
advanced RCC patients. Median PFS (mPFS) 
was 8.00 months in advanced RCC patients 
carried TT genotype of rs2243250, which was 
1.6 and 2.3 fold higher than the patients car-
ried CT and CC genotypes (Log rank X2=15.01, 
P<0.01, Table 5). For median OS (mOS), the 
advanced RCC patients with TT genotype was 
16.00 months, which was 1.3 and 3.2 fold 
higher than CT and TT carriers (Log rank 
X2=11.95, P<0.01, Table 5). Moreover, the 
mPFS was 7.00 months in patients carried AG 
genotype of rs1805010, which was 1.2 and 2.0 
fold higher than the patients carried AA and GG 
genotypes (Log rank X2=9.03, P=0.01, Table 5). 
But, patients carried AA genotype had 18.00 
months’ mOS, which was 1.2 and 2.1 fold high-
er than AG and GG carriers (Log rank X2=12.45, 
P<0.01, Table 5). Thus, advanced RCC patients 
carried TT genotype of rs2243250 and AA gen-
otype of rs1805010 showed significantly pro-
longed survivals and better prognosis under 
the treatment of immunotherapy. When com-

Table 4. Association of IL-4 and IL-4R polymorphisms with immunotherapeutic effects and adverse 
events for advanced RCC patients after standardized immunotherapy (N=112, %)

Factors
Rs2243250 Rs1805010

CC CT TT X2 P AA AG GG X2 P
ORR 0.00 6.45 9.33 0.80 0.67 6.98 9.80 5.56 0.43 0.81
DCR 33.33 48.39 62.67 3.29 0.19 58.14 60.78 44.44 1.48 0.48
KPS improvement 16.67 19.35 24.00 0.39 0.82 25.58 15.69 33.33 2.82 0.24
Adverse events 16.67 6.45 8.00 0.71 0.70 11.63 3.92 11.11 2.15 0.34

Table 5. Association of IL-4 and IL-4R poly-
morphisms with mPFS and mOS for advanced 
RCC patients (N=112, month)
Polymorphism mPFS mOS
Rs2243250
    CC 3.50 5.00
    CT 5.00 12.00
    TT 8.00 16.00
    Log rank X2 15.01 11.95
    P <0.01 <0.01
Rs1805010
    AA 6.00 18.00
    AG 7.00 15.00
    GG 3.50 8.50
    Log rank X2 9.03 12.45
    P 0.01 <0.01
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pared with rs2243250 C allele carriers of 
advanced RCC patients, the TT homozygote 
carriers had increased 1.5 folds’ mOS (18.00 
vs. 12.00 months, Log-rank P<0.01, Figure 1). 
Meanwhile, AA homozygote carriers had 1.7 
fold higher mOS than rs1805010 C allele carri-
ers (20.00 vs. 12.00 months, Log-rank P=0.03, 
Figure 2).

Multivariate analysis of the effects of clinical 
characteristics on survival

To adjust for confounding factors, a multivari-
ate analysis of the effects of clinical charac- 
teristics (including gender, age, smoke, drink, 
KPS, distant metastasis, clinical stage, rs- 
2243250, rs1805010, and adverse event) on 
survival was performed using Cox forward step-
wise regression model. Setting the threshold of 
0.05, only two variations such as rs1805010 
and adverse events entered the final model. 
Thus, IL-4R gene polymorphism rs1805010 
(AA vs. AG+GG) and adverse events of immuno-
therapy (with vs. without) had prognosis value 
with a risk ratio of 1.86 (P=0.01, 95% CI: 1.16-

treatment of immunotherapy. In addition, T 
allele of rs2243250 and A allele of rs1805010 
carried RCC patients had longer PFS and OS 
compared with other allele carriers. The poly-
morphisms in IL-4 and IL-4R gene may contrib-
ute to serve as useful genetic marker for evalu-
ating the prognosis of RCC.

The findings in our study are almost novel in 
Chinese Han population, although previous 
study has demonstrated that IL-4 gene poly-
morphisms were associated with the risk of 
RCC [13]. For clinical characteristics, IL-4 gene 
rs2243250 CC allele revealed to decrease the 
disease risk in RCC patients with localized 
stage and well differentiated carcinoma [13]. It 
is consistent with our result of the association 
in RCC risk, but we do not find any association 
between IL-4 or IL-4R gene and such clinical 
baselines of RCC patients. The inconsistency 
might be due to the different selection of the 
reference population.

Some genes could alter the susceptibility to 
diseases; meanwhile they may also affect clini-

Figure 1. Kaplan-Meier plot of overall survival in relation to the genotype of 
IL4 gene polymorphism rs2243250. The mOS in advanced RCC patients with 
TT genotype was 18.00 months, and CC+CT was 12.00 months. Log-rank P 
< 0.01.

2.98) and 1.65 (P=0.01, 95% 
CI: 1.02-2.70), respectively 
(Table 6).

Discussion

In the present study, we fo- 
cused on two RCC-risk poly-
morphisms in IL-4 and IL-4R 
gene and systematically in- 
vestigated its significance in 
risk, immunotherapeutic eff-
ects and prognosis of ad- 
vanced RCC. No obvious as- 
sociation was found between 
these SNPs and clinical base-
lines including tumor stage, 
metastasis status. Meanwh- 
ile, the ORR, DCR, KPS im- 
provement, and adverse ev- 
ents of medications of INF-α 
and IL-2 treat for RCC was  
not associated with IL-4 and 
IL-4R gene polymorphisms. 
However, we observed that 
these gene polymorphisms 
were significantly associated 
with the disease risk, PFS and 
OS of RCC patients in Chine- 
se Han population under the 
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cal effects of medications [22-24]. In our 
results, these two RCC risk gene IL-4 and IL-4R 
are also affect the long-term follow-up results 
although they do not associate with short-term 
effects of immunotherapy such as ORR and 
DCR. It is almost consistent with a study in 
Japan which suggested that heterozygote of 
rs1805010 in IL-4R gene carriers had increas-

ported by an association analysis in Japanese 
population [15].

IL-4 plays a central role to regulate the differen-
tiation of antigen-simulated naïve T cells, and 
then causes these T cells to produce cytokines, 
such as IL-10 and IL-14, or on the other hand, 
suppresses CD4+ T cells to secrete IFN-γ [16]. 
Hence, IL-4 has been seen as the focus of con-
troversy in recent years due to the indetermi-
nate biologic functions on cancers. However, 
variants in IL-4 and IL-4R genes, such as 
rs2243250 and rs1805010, may effect on IL-4 
signal transduction by change promoter activity 
of IL-4 gene and conformation of IL-4R protein 
directly or indirectly [26, 27]. Early studies sug-
gested that IL-4 could help other cytokines or 
drugs to remove and suppress growth of tumor 
cells [28, 29]. Conversely, recent studies re- 
vealed that IL-4 preferred to inhibit the activity 
of antitumor from body selves or intervention 
treatment [30, 31]. In addition, although IL-4 
exhibited a growth-inhibitory effect in vitro of 
RCC [32, 33], the clinical use of IL-4 as an 
administrated agent failed to inhibit the pro-
gression of RCC and other cancers [34, 35]. 

Figure 2. Kaplan-Meier plot of overall survival in relation to the genotype of 
IL4R gene polymorphism rs1805010. The mOS in advanced RCC patients 
with AA genotype was 20.00 months, and AG+GG was 12.00 months. Log-
rank P=0.03.

Table 6. Multivariate analysis of the effects of 
clinical characteristics on survival
Factors SE P Risk Ratio 95% CI
Gender 0.28 0.79 0.93 0.54-1.60
Age 0.01 0.67 0.99 0.97-1.02
Smoke 0.28 0.83 0.94 0.55-1.62
Drink 0.34 0.80 0.92 0.47-1.80
KPS 0.01 0.53 1.01 0.99-1.03
Distant metastasis 0.42 0.69 0.84 0.37-1.94
Clinical stage 0.42 0.51 1.32 0.58-3.01
Rs2243250a 0.36 0.56 0.81 0.40-1.94
Rs1805010b 0.24 0.01 1.86 1.16-2.98
Adverse events 0.25 0.04 1.65 1.02-2.70
aTT vs. CC+CT; bAA vs. AG+GG.

ing OS than others [15]. Fur- 
thermore, a previous study 
reported haplotypes in IL-4 
gene consisted of rs2243250 
and rs2070874 were associ-
ated with prognosis of RCC in 
Australian, and mOS was 3.5 
fold increased in patients with 
homozygote for IL-4 haplotype 
4 compared with heterozy-
gote of haplotypes 1 and 4 
[16]. Taking together the 
results of these association 
analyses, T allele of rs224- 
3250 and A allele of rs180- 
5010 would be protective fac-
tors in the transformations of 
RCC. However, T allele of 
rs2243250 in IL-4 gene might 
play a “negative” role in de- 
creasing the risk of RCC [13, 
25]. We infer that IL-4 and 
IL-4R genetic polymorphisms 
may participate in the carci-
nogenesis as well as the 
death of tumor cells through 
different mechanisms in the 
whole biological process of 
RCC. In fact, the interested 
conclusion was mainly sup-
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Previously, Rosenwasser et al. [36] described 
that T allele of rs2243250 in IL-4 gene was 
associated with the increased expression of 
IL-4 in vitro. But IL-4 could not suppress the pro-
gression of RCC [34], even exhibit a possible 
“positive” activity of tumor progression. Taking 
together, it is probable to explain why T allele of 
rs2243250 in IL-4 gene was associated with 
the increased risk of RCC and other cancers. 
However, this T allele is also related to the sub-
sequent better prognosis of RCC, exhibiting an 
inhibiting function to tumor progression through 
other mechanisms which have not been clari-
fied. For the polymorphisms in IL-4R gene, a 
similar phenomenon was founded. Although A 
allele of rs1805010 increased the risks of RCC, 
it is associated with the longer survival of RCC 
patients.

In summary, we presented an association of 
IL-4 and IL-4R gene polymorphisms with prog-
nosis of RCC under the treatment of immuno-
therapy. T allele of rs2243250 in IL-4 and A 
allele of rs1805010 in IL-4R gene exhibited a 
potential effect for prolonging the survival of 
RCC patients. We believe that these results will 
contribute to understand the role of variants in 
IL-4 and IL-4R gene for carcinogenesis and 
immunotherapy, even could consider the pos-
sibility of these variants to be biomarkers of 
RCC. Furthermore, it is also encourage us to 
next focus on the different mechanisms of IL-4 
in carcinogenesis and progression.
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