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Abstract: Interleukin-4 (IL-4) and IL-13 are anti-inflammatory and immunoregulatory cytokines that can influence 
cancer-directed immunosurveillance. However, they are not evaluated as biomarkers for ccRCC outcomes. The aim 
of this study was to investigate the prognostic value of tumor-derived IL-4 and IL-13 in patients with localized ccRCC 
after surgery. Our study comprised 194 consecutive patients with localized ccRCC undergoing nephrectomy in a 
single center. Clinical characteristics, recurrence-free survival (RFS) and overall survival (OS) were recorded. We 
assessed IL-4 and IL-13 expression as continuous variables and dichotomized as low versus high by immunohis-
tochemistry. For associations with RFS and OS, we used the Kaplan-Meier method and Cox regression models. 
Concordance index was calculated for predictive accuracy. We found that high expression levels of IL-4 and IL-13 
were associated with increased recurrence (P < 0.001 and P = 0.006, respectively) and reduced survival (P = 0.001 
and P = 0.016, respectively). Furthermore, multivariate analyses confirmed that combination of IL-4 and IL-13 ex-
pression (IL-4/IL-13 signature) was an independent prognostic factor for RFS and OS (P = 0.009 and P = 0.016, 
respectively). When applied to UISS score, IL-4/IL-13 signature improved the predictive accuracy. Notably, this im-
provement in prediction was mainly observed in patients with low-risk disease. To conclude, IL-4/IL-13 signature is 
an independent predictor of outcomes in patients with localized ccRCC, and the prognostic value is more prominent 
among patients with low-risk disease. Evaluation of IL-4 and IL-13 expression provides the opportunity to optimize 
postsurgical management and develop novel targeted therapies for ccRCC patients.
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Introduction

Renal cell carcinoma (RCC) accounts for 2%-3% 
in all of the adult malignances, as the seventh 
most common cancer in men and the ninth 
most common cancer in women [1]. Clear-cell 
RCC (ccRCC) is the most frequent histologic 
subtype of RCC (70%-85%) [2]. The global inci-
dence of all stages of RCC has increased 
steadily during last decades especially for local-
ized RCC because of the widespread use of 
abdominal imaging [3]. Currently, surgery 
remains the most effective treatment for local-
ized RCC. However, 20%-30% of patients with 
localized RCC undergoing nephrectomy experi-
ence recurrence and metastasis, resulting in 
incurable disease [4]. Therefore, it is important 
to stratify patients with localized RCC into dif-
ferent risk levels of recurrence and mortality for 
individualized therapy and monitoring.

So far several prognostic models have been 
established to estimate patients who are at a 
high risk of disease progression after surgery 
[5]. One widely used model is the University of 
California integrated staging system (UISS), 
which incorporates TNM stage, Fuhrman grade, 
and Eastern Cooperative Oncology Group per-
formance status (ECOG-PS), resulting in three 
risk levels [low- (LR), intermediate- (IR) and 
high-risk (HR)][6]. The predictive accuracy of 
UISS score may be further improved by combin-
ing prognostic biomarkers [7].

Interleukin-4 (IL-4) and IL-13, two kinds of Th2 
cytokines, are structurally similar multifunction-
al peptides that exert anti-inflammation and 
immunomodulation [8]. Several studies have 
revealed that IL-4 and IL-13 may suppress can-
cer-directed immunosurveillance and increase 
tumor metastasis. IL-4 was found to directly 
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induce tumor cell proliferation and mediate 
resistance to apoptosis to support tumor 
growth [9, 10]. IL-13 may trigger negative regu-
lation of tumor immunosurveillance through 
the IL-4Rα signaling and activitation of its 
downstream transcriptional factor STAT6, and 
IL-13 inhibitors may be a useful tool in cancer 
immunotherapy [11]. In addition, IL-4 and IL-13, 
as products of malignant and stromal cells,  
can stimulate tumor-associated macrophages 
(TAMs) to be polarized into an M2 phenotype, 
which promotes proliferation, survival and 
metastasis of tumor cells [12]. Hence it is plau-
sible that tumor-derived IL-4 and IL-13 can 
serve as prognostic biomarkers and potential 
therapeutic targets for RCC patients.

In this study, we assessed IL-4 and IL-13 levels 
by immunohistochemistry in tumor tissues 
from 194 ccRCC patients and their correlations 
with clinicopathologic characteristics and 
patient outcomes. We further assessed the 
prognostic significance of the combined analy-
sis of IL-4 and IL-13 expression, and its ability to 
improve the predictive accuracy of the well-
established UISS score.

Materials and methods

Patients

We identified 194 consecutive patients with 
localized ccRCC (T1-4N0M0) undergoing radi-
cal nephrectomy or nephron-sparing surgery 
between January 2003 and December 2004 at 
Zhongshan Hospital (Shanghai, China). This 
study was approved by the hospital’s ethics 
committee and informed consent was obtained 
from each patient. The exclusion criteria in this 
study were: 1) patients with mixed types of pri-
mary RCC confirmed by pathology; 2) patients 
with N1 or M1 disease; 3) patients with a prior 
history of other malignances; 4) patients who 
died within the first month after surgery 
because of surgical complications. Clinicopa- 
thologic information was obtained through 
medical record review, including age at surgery, 
gender, tumor size, TNM stage, Fuhrman grade, 
tumor necrosis and ECOG-PS. Patients were 
staged by radiographic reports and postopera-
tive pathological data, and then were reas-
signed according to the 2010 American Joint 
Committee on Cancer TNM classification. The 
UISS score was stratified these patients into 
three risk levels [low- (LR), intermediate- (IR) 
and high-risk (HR)]. 

Postoperative patients were evaluated with 
physical examination, laboratory studies, chest 
imaging and abdominal ultrasound or comput-
ed tomographic scans semiannually for the first 
two years and annually thereafter. Follow-up 
was terminated on October 2013. RFS and OS 
were defined as the interval between the sur-
gery and recurrence or death from all causes, 
respectively.

Immunohistochemistry

Formalin-fixed, paraffin-embedded tumor spec-
imens from 194 patients were obtained from 
the Department of Pathology, Zhongshan 
Hospital, Fudan University. All tissues were 
reviewed by H&E-staining and 2 representative 
areas were premarked on each of the paraffin 
blocks free from necrotic, hemorrhagic and 
fibrotic materials. Duplicate tissue cores in 1 
mm diameter from 2 representative areas of 
each tissue were used to construct the TMA. 
Sections from the TMA blocks were cut at 4 μm.

TMA sections were heated at 60°C for 6 hours, 
dewaxed in xylene, and then hydrated in 100%, 
95%, 85% and 75% alcohol successively. After 
the treatment of 3% H2O2 as endogenous per-
oxidase inhibitor for 30 minutes, the sections 
were infiltrated in unmasking solution (0.01 M 
sodium citrate buffer, pH = 6) and heated in a 
pressure cooker for 3 minutes. And then the 
sections were blocked by 10% normal goat 
serum for 2 hours at 37°C. Primary antibodies 
against human IL-4 (1:400; Abcam, Cambridge, 
MA, USA) and IL-13 (1:400; Abcam, Cambridge, 
MA, USA) were applied overnight at 4°C. Finally, 
EnVision Detection System (Dako) was used 
under manufacturer’s instructions. 

A semiquantitative method was used for the 
evaluation of immuostaining by two indepen-
dent pathologists without knowledge of patient 
information. Staining intensity was scored (0, 
no staining; 1, weak; 2, moderate; 3, strong) 
and the percentage of positive tumor cells was 
scored (0% to 100%). The final score for each 
case was recorded by multiplying the score of 
staining intensity and the percentage of posi-
tive tumor cells, which ranges from 0 to 300.

Statistical analysis

The median immunostaining score was applied 
to obtain the cutoff which separated each cyto-
kine into low and high expression. The Pearson 
x2 test was used to compare categorical vari-
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ables and the t tests was used to compare con-
tinuous variables. Kaplan-Meier method with 
log-rank test was used to compare with survival 
curves. Univariate and multivariate Cox regres-
sion models were applied to analyze the impact 
of prognostic factors on RFS and OS. The pre-
dictive accuracy of various Cox regression mod-
els was quantified by the Harrell concordance 
index (C-index). Analysis was performed with 
SPSS Statistics 21.0 and Stata 12.0. All statis-
tical tests were two-sided and P < 0.05 was 
considered statistically significant.

Results

Patient characteristics and association with 
IL-4 and IL-13 expression

Patient characteristics are listed in Table 1. 
The study included 194 patients with localized 

ccRCC. The mean age at surgery was 55.2 
years (range, 24 to 80 years), and 68.6% of 
patients were male. The mean tumor size was 
4.6 cm (range, 1.0 to 18.0 cm), and 27.8% of 
cases had T3 or T4 tumors. The tumor necrosis 
was present in 21.1% of cases and high-grade 
tumor was distributed in 38.1% of cases. ECOG-
PS was evaluated as ≥ 1 in 15.5% of cases. 
UISS was categorized as LR, IR and HR in 
25.1%, 57.2% and 7.7% of cases, respectively. 
The median follow-up period was 106 months 
(range, 12 to 120 months). There were 61 
(31.4%) patients confirmed with tumor recur-
rence and 48 (24.7%) patients confirmed dead 
at last follow-up. The 5- and 10-year RFS rates 
were 80.9% and 68.6%, respectively. The 5- 
and 10-year OS rates were 89.2% and 75.3%, 
respectively.

Table 1. Patient characteristics and associations with expression of IL-4 and IL-13

Characteristic Total patients 
(n = 194) IL-4 IL-13

No. % Low
(n = 109)

High
(n = 85) P Low

(n = 104)
High

(n = 90) P 

Mean age, yr* 55.2 54.2 56.5 0.155 55.3 55.0 0.853
Gender 0.339 0.673
    Male 133 68.6 72 63 73 62
    Female 61 31.4 37 24 31 30
Mean tumor size, cm* 4.6 4.6 4.5 0.918 4.6 4.5 0.843
Pathologic T stage 0.491 0.367
    T1a 68 35.1 37 31 36 32
    T1b 54 27.8 31 23 29 25
    T2 18 9.3 13 5 13 5
    T3a + T4 54 27.8 28 26 26 28
Fuhrman grade 0.225 0.158
    1 33 17.0 23 10 23 10
    2 87 44.8 50 37 47 40
    3 54 27.8 27 27 25 29
    4 20 10.3 9 11 9 11
Tumor necrosis 0.153 0.161
    Absent 153 78.9 90 63 86 67
    Present 41 21.1 19 22 18 23
ECOG-PS 0.052 0.407
    0 164 84.5 97 67 90 74
    ≥ 1 30 15.5 12 18 14 16
UISS score 0.196 0.737
    LR 68 25.1 44 24 39 29
    IR 111 57.2 58 53 57 54
    HR 15 7.7 7 8 8 7
ECOG-PS = Eastern Cooperative Oncology Group performance status; UISS = University of California Los Angeles Integrated 
Staging System; LR = low-risk; IR = intermediate-risk; HR = high-risk. *Student’s t test; chi-square test for all the other analyses.
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IL-4 and IL-13 positive staining was mainly 
appeared in the cytoplasm of tumor cells 
(Figure 1). The median immunostaining scores 
for IL-4 and IL-13 were 180 (range, 0 to 300) 
and 140 (range, 0 to 300), respectively, which 
dichotomized the population into 109 patients 
(56.2%) in IL-4 low expression and 85 patients 
(43.8%) in IL-4 high expression, and 104 
patients (53.6%) in IL-13 low expression and 90 
patients (46.4%) in IL-13 high expression. Of 
note, we found no significant differences 
between IL-4 and IL-13 expression and clinico-
pathologic features as summarized in Table 1.

Prognostic value of IL-4 and IL-13 expression

Kaplan-Meier analyses indicated that high 
expression levels of IL-4 and IL-13 were associ-
ated with shorter RFS (P < 0.001 and P = 0.006, 
respectively; Figure 2A and 2B) and OS (P = 
0.001 and P = 0.016, respectively; Figure 2D 
and 2E). Moreover, we examined whether the 
combined analysis of IL-4 and IL-13 (named 
IL-4/IL-13 signature) could be related to out-
comes. Patients were divided into three groups 
based on the levels of IL-4 and IL-13: group I, 
both low IL-4 and low IL-13 expression; group II, 
either high IL-4 or high IL-13 expression; group 

III, both high IL-4 and high IL-13 
expression. Kaplan-Meier analysis 
showed significant difference am- 
ong the three groups for RFS and 
OS (P = 0.001 and P = 0.004, 
respectively; Figure 2C and 2F), 
and both high IL-4 and high IL-13 
expression was associated with 
worst RFS and OS. The 5-year RFS 
rates for group I, II and III were 
89.5%, 80.5% and 70.1%, respec-
tively. The 5-year OS rates for group 
I, II and III were 95.3%, 95.1% and 
77.6%, respectively. 

Further on, we evaluated whether 
the IL-4/IL-13 signature was an 
independent predictor for RFS and 
OS using univariate and multivari-
ate Cox regression analyses. As 
shown in Table 2, after adjusting 
for tumor size, pT stage, Fuhrman 
grade, tumor necrosis and ECOG-
PS, the multivariate analysis dem-
onstrated that IL-4/IL-13 signature 
was an independent prognostic 

Figure 1. IL-4 and IL-13 expression in ccRCC tissues. Representative 
photographs of IL-4 (A and B) and IL-13 (C and D) immunostaining in 
tissue mircoarrays (scale bar, 100 µm).

predictor for RFS (HR, 2.277; 95% CI, 1.233-
4.204; P = 0.009 for patients with both high vs. 
both low) and OS (HR, 2.268; 95% CI, 1.163-
4.423; P = 0.016 for patients with both high vs. 
both low) for patients with localized ccRCC after 
surgery.

Extension of UISS prognostic model with IL-4/
IL-13 signature

The UISS score is widely applied to estimate 
prognosis after surgery for RCC patients. The 
5-year RFS rates of UISS LR, IR and HR group 
were 91.2%, 78.4%, 53.3%, respectively. The 
5-year OS rates of UISS LR, IR, and HR group 
were 94.1%, 88.3% and 73.3%, respectively. 
We calculated the C-index to appraise whether 
combination of IL-4/IL-13 signature with UISS 
score would improve the predictive accuracy. 
The C-indices of the original UISS score were 
0.660 for RFS and 0.665 for OS, and improved 
to 0.712 for RFS and 0.715 for OS when IL-4/
IL-13 signature was added. Then we performed 
a stratification analysis with the IL-4/IL-13 sig-
nature in each risk level of UISS score. For 
patients in low-risk group (n = 68), a significant 
statistical difference was observed for RFS and 
OS (P < 0.001, P = 0.004, respectively). The 
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5-year RFS rates for both low IL-4 and low IL-13 
expression in UISS low-risk patients were 100% 
in contrast to 68.4% for both high IL-4 and high 
IL-13 expression (Figure 3A). Similarly, the 

5-year OS rates were 100% and 78.9% for both 
low and both high expression group, respec-
tively (Figure 3B). In UISS intermediate-/high-
risk group (n = 126), the IL-4/IL-13 signature 

Figure 2. Kaplan Meier curves showing RFS (A-C) and OS (D-F) probabilities based on intratumoral IL-4 and IL-13 
expression levels. In (C and F), patients were classified into 3 groups: group I, both low IL-4 and low IL-13 expression; 
group II, either high IL-4 or high IL-13 expression; group III, both high IL-4 and high IL-13 expression.

Table 2. Univariate and multivariate cox regression analyses for recurrence-free survival and overall 
survival

Variable
Recurrence-free survival Overall survival

Multivariate Multivariate
Univariate P HR (95% CI) P Univariate P HR (95% CI) P

Age, yr 0.133 0.122

Gender (male vs female*) 0.641 0.489

Tumor size, cm < 0.001 1.103 (1.004-1.212) 0.042 < 0.001  1.118 (1.005-1.243) 0.040

Pathologic T stage  

    T3+T4 vs T1+T2* < 0.001 2.642 (1.564-4.463) < 0.001 < 0.001  2.767 (1.545-4.957) 0.001

Fuhrman grade (3+4 vs 1+2*) < 0.001 2.459 (1.472-4.108) 0.001 0.004  2.138 (1.204-3.796) 0.009

Necrosis (present vs absent*) 0.018 1.145 (0.632-2.007) 0.655 0.012  1.312 (0.684-2.517) 0.413

ECOG PS (≥ 1 vs. 0*) 0.001 1.587 (0.875-2.878) 0.129 0.002  1.593 (0.818-3.100) 0.171

Combination of IL-4 and IL-13a 0.001 0.029 0.006 0.051

    Either high vs both low* 0.053 1.931 (0.929-4.015) 0.078 0.417  1.435 (0.610-3.377) 0.408

    Both high vs both low* < 0.001 2.277 (1.233-4.204) 0.009 0.002  2.268 (1.163-4.423) 0.016
HR = hazard ratio; CI = confidence interval; ECOG-PS = Eastern Cooperative Oncology Group performance status. *Reference group. aOverall P value is provided, and HR, 
95% CI, and P values are provided for each level.

Figure 3. Kaplan Meier curves showing RFS (A) and OS (B) probabilities based on the combination of intratumoral 
IL-4 and IL-13 expression in UISS low-risk patients. UISS, University of California Los Angeles Integrated Staging 
System.
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failed to reach statistical significance for RFS or 
OS (P = 0.093 and P = 0.204, respectively; 
Figure 4A and 4B).

Discussion

In this study, we demonstrated that IL-4/IL-13 
signature was an independent prognostic fac-
tor for RFS and OS in patients with localized 
ccRCC following surgery. Moreover, when incor-
porated into the well-established UISS score, 
the IL-4/IL-13 signature could help improve the 
predictive accuracy of this model and particu-
larly represented a good discriminatory power 
in UISS low-risk patients as a complementary 
risk factor. Thereby, we propose that the inflam-
matory tumor microenvironment is important 
for understanding the mechanism of RCC pro-
gression and developing novel targeted thera-
pies for prevention of recurrence after surgery. 

Numerous studies showed that IL-4 and IL-13 
expression were increased in many kinds of 
tumor tissues and peripheral blood including 
RCC [8, 13]. In the present study, high levels of 
IL-4 and IL-13 in tumor tissues were correlated 
with adverse outcomes, indicating their partici-
pating in tumor progression and promising ther-
apeutic values. Todaro et al. found that human 

colon and breast cancer cells could produce 
IL-4 which upregulated expressions of anti-
apoptotic proteins to protect against death 
ligand-induced apoptosis, and treating subcu-
taneous colon and breast cancers in mice with 
IL-4 neutralizing antibody modestly decreased 
the tumor growth and sensitized them to che-
motherapy through downregulation of the anti-
apoptotic factors [14]. IL-13 receptors have two 
subtypes, IL-13Rα1 and IL-13Rα2. The latter is 
mainly expressed and activated on tumor cell 
surface [8]. Barderas et al. found that addition 
of IL-13 significantly increased colorectal can-
cer cell adhesion, migration, invasion and 
metastasis, but not in the IL-13Rα2-silenced 
cells by preparing stable shRNA transfectants, 
suggesting IL-13 effects were mediated by 
IL-13Rα2 [15]. Moreover, IL-4 and IL-13 are 
well-recognized to polarize TAMs into an M2 
phenotype exerting protumoral actions [12]. 
Our group previously identified that intratumor-
al M2-polarized macrophages infiltration was 
predictive of short cancer-specific survival, 
denoted by the immune profile of low CD11c+ 
and high CD206+ TAM densities [16]. Taken 
together, IL-4 and IL-13 could either directly act 
on tumor growth or indirectly polarize TAMs into 
M2-skewed phenotype to facilitate tumor initia-
tion and progression. Therefore, it is notewor-

Figure 4. Kaplan Meier curves showing RFS (A) and OS (B) probabilities based on the combination of intratumoral 
IL-4 and IL-13 expression in UISS intermediate-/high-risk patients. UISS, University of California Los Angeles Inte-
grated Staging System.
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thy to explore the inhibition of IL-4 and IL-13 
signaling pathways which could activate tumor 
cell and TAMs as novel therapies to RCC. 

The proportion of small and incidental RCC has 
significantly increased globally due to wide-
spread use of abdominal imaging techniques 
[17]. Hence, there is an urgency to quest for a 
reliable and inexpensive clinical tool in postop-
erative management of the patients with low-
risk disease. In this study, we demonstrated 
that the incorporation of IL-4/IL-13 signature 
into UISS score improved the predictive accu-
racy and this improvement in prediction largely 
took place in UISS low-risk patients. Park et al. 
advocated for the sequential or stepwise use of 
biomarkers on an as-needed basis in determin-
ing ccRCC outcomes after surgery [18]. Under 
this principle, we propose that postsurgical 
patients with localized ccRCC who are classi-
fied into the UISS low-risk group need to be fur-
ther assessed by IL-4/IL-13 signature test in 
order to provide early interventions and close 
follow-up. 

To date, many clinically useful biomarkers of 
RCC have been identified. The genetic polymor-
phisms of IL-4 receptor α were demonstrated to 
be associated with an increasing risk and a 
poor prognosis of patients with sporadic RCC 
[19]. The presence of intratumoral neutrophils 
was found to be an independent prognostic fac-
tor of poor outcomes in patients with localized 
and metastatic RCC, respectively [20, 21]. 
Kapur et al. showed the overall survival was 
shorter in BAP1-mutant group than PBRM1-
mutant group and patients with mutations in 
both BAP1 and PBRM1 had the worst progno-
sis, indicating mutation-defined subtypes of 
ccRCC with distinct clinical outcomes [22]. 
Another study showed that higher expression of 
type IIa topoisomerase (TOPOIIa) was indepen-
dently correlated with increased risk of cancer 
death among patients with ccRCC undergoing 
nephrectomy [23]. On the whole, intensive 
molecular research over the past years has pro-
vided substantial insight into the biology of RCC 
and is beginning to shape clinical practice in 
terms of predicting tumor behavior and thereby 
improving patient outcomes. In light of the com-
plexity of molecular pathways involved in RCC 
behavior, even more comprehensive biomark-
ers are needed to allow robust fingerprinting of 

RCC and host biological behavior leading to a 
customized therapy and surveillance [24]. 

There are a few limitations of this study that 
warrant further discussion. Firstly, the prognos-
tic significance of IL-4 and IL-13 expression 
needs to be validated in other populations and 
larger cohorts. Secondly, the predictive value of 
IL-4 and IL-13 expression in metastatic RCC 
(mRCC) is not analyzed owing to limited cases 
with metastasis. Further assessment in mRCC 
needs to be performed. Thirdly, this is a retro-
spective study, blood samples from patients 
are not available. Thus the associations 
between serum-based IL-4 and IL-13 levels and 
patient outcome are not established. Further 
examination in blood samples should be done. 
At last, as many studies described, IL-4 and 
IL-13 receptors had important roles in tumor 
microenvironment, for an example of IL-13Rα2 
[15]. In the future, the prognostic value of IL-4 
and IL-13 receptors needs to be evaluated in 
RCC and the underlying mechanisms behind 
these associations need to be elucidated. 

In conclusion, our results indicate that the con-
currence of high expression of IL-4 and IL-13 in 
tumor tissues correlates with increased recur-
rence and reduced survival in patients with 
localized ccRCC after surgery. Moreover, this 
association is more pronounced in patients 
with low-risk disease. This finding provides a 
novel independent predictor for prognosis and 
could improve the widely-used UISS score in 
patient stratification, selecting patients for 
adjuvant treatment, and planning postsurgical 
follow-up.
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