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Phosphorylated Signal Transducer and Activator of
Transcription 1 is a potential predictor of interferon
response in patients with advanced renal cell carcinoma
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Abstract. The present study aimed to evaluate the expression
status of Janus kinase (JAK)-Signal Transducer and Activator
of Transcription (STAT) in renal cell carcinoma and benign
renal tissue, and identify a potential biomarker for interferon
(IFN) response prediction. A total of 32 specimens of human
renal cell carcinoma and 10 specimens of benign renal
tissue were harvested from surgically removed kidneys. The
expression levels of JAK-STAT were determined by immu-
nohistochemical staining and quantitative polymerase chain
reaction. Furthermore, the expression levels of JAK-STAT in
renal cell carcinoma tissues that were stimulated with IFN-a
were quantified by western blot analysis. The positive expres-
sion rates of JAK1, STATI1 and phosphorylated (P)-STAT1 in
the renal cell carcinomas were significantly lower than that in
the benign renal tissues (25.0, 31.2, and 12.5% vs. 70.0, 50.0,
and 70.0%, respectively; P<0.05). The relative expression levels
of JAKI (0.696+0.102) and STAT1 mRNA (0.341+0.068) in
the tumor tissue were lower than those in the benign tissue
(0.957+£0.103 and 0.547+0.082, respectively; P<0.05). IFN
stimulation enhanced the expression levels of P-STAT]1 in the
renal cell carcinoma tissues, and enhancement of the P-STAT1
expression levels was associated with tumor relapse and
metastasis. In conclusion, P-STAT] is a potential predictor of
IFN response in patients with advanced renal cell carcinoma.

Introduction
Renal cell carcinoma is the most common type of malignant

kidney tumor. It was estimated that in 2012 ~64,770 new cases
of kidney cancer would be diagnosed in the United States,

Correspondence to: Dr Wei Li, Department of Urology, The
People's Hospital of Guangxi Zhuang Autonomous Region,
6 Taoyuan Road, Nanning, Guangxi 530021, P.R. China

E-mail: liwei95_2000@163.com

Key words: phosphorylated Signal Transducer and Activator of
Transcription 1, interferon-a, renal cell carcinoma

resulting in 13,570 mortalities (1). In 2011, ~90% of cases
of kidney cancer were renal cell carcinoma (2). According
to a review in 2008, 30% of patients show signs of advanced
renal cell carcinoma when diagnosed, and 20-30% of patients
treated by nephrectomy relapse and develop metastases
during the follow-up period (3). As renal cell carcinoma is not
sensitive to chemotherapy and radiotherapy, immunotherapy
with interferon (IFN)-a was frequently used in the past 20
years (4). However, only a 15-30% objective response rate was
reported was reported in a previous study and serious adverse
effects have been observed in patients who have undergone
immunotherapy (5). Thus, the ability to identify patients who
are most likely to benefit from immunotherapy is necessary.

IFN-a exerts its effects on cells by interacting with the cell
receptors and thus activating the Janus kinase (JAK) family.
Activated JAK1 and tyrosine kinase 2 phosphorylate Signal
Transducer and Activator of Transcription (STAT) and the
activated STAT proteins interact with regulatory elements to
induce the transcription of target genes (6). A previous study
demonstrated that JAK-STAT activation is associated with
IFN-a resistance in renal cell lines (7). Certain molecules,
including STAT3 and p53, have been identified as predictive
and prognostic markers of renal cell carcinoma (8,9). However,
the majority of these studies were conducted in vitro and these
findings do not provide sufficient information to permit clinical
treatment. To the best of our knowledge, studies concerning
the expression of JAK-STAT in human renal cancer tissue are
limited. The purpose of the present study was to assess the
expression levels of JAK-STAT in human renal cancer tissues
and identify a biomarker that is associated with the effects of
IFN-a treatment.

Patients and methods

Patients and tissues. A total of 32 Chinese patients (mean age,
61.2 years) who had been diagnosed with locally advanced renal
cell carcinoma by post surgery pathological examination at
The People's Hospital of Guangxi Zhuang Autonomous Region
(Nanning, China) between 2010 and 2011 were included in this
study. The TNM staging of cancer was performed according
to the American Joint Committee on Cancer Cancer Staging
Manual (10). The demographic and clinicopathological charac-
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teristics of the patients are listed in Table I. A routine physical
examination was conducted and the immune function of the
patients was detected prior to the surgery. No abnormalities
were identified in the patients. All patients received a radical
nephrectomy and post surgery adjuvant immunotherapy with
IFN-a2b (Schering-Plough, Kenilworth, NJ, USA). The treat-
ment protocol was performed according to the instructions
in the guidelines of the Chinese Urological Association (11).
Considering the toxic side-effects of IFN, the patients were
advised to receive a low dose of IFN-a2b (3 MIU subcutane-
ously, three times weekly) treatment for 12 weeks. The patients
were followed-up for 24 months, and the local relapse and
metastasis rates were recorded.

The tumor samples from the 32 patients were collected as
soon as they were removed from the body. Each tumor sample
was divided into two sections. One section was ground and
stimulated in RPMI-1640 medium (HyClone Laboratories,
Inc., Logan, UT, USA) containing IFN-a2b (final concentra-
tion, 3 MIU/ml) for 4 h, and the other section was incubated in
RPMI-1640 medium without IFN, which served as a control.
The benign renal tissues were collected from 10 patients who
underwent a nephrectomy as a result of nonmalignant disease.
All samples were stored at -80°C. The present study was
approved by the Ethics Committee of The People's Hospital
of Guangxi Zhuang Autonomous Region. Written consent was
obtained from all patients.

Immunohistochemistry. The expression levels of JAKI,
P-JAK1,STATI1,P-STAT1,STAT2 and P-STAT?2 were detected
by immunohistochemical staining of the renal cell carcinomas
and benign renal tissues. The antibodies of P-JAK1, STAT2
and P-STAT2 were purchased from Abcam (Cambridge,
UK). The antibodies of JAK1, STAT1 and P-STAT1 were
purchased from Cell Signaling Technology, Inc. (Danvers,
MA, USA). The immunohistochemical staining and evalua-
tion were performed as previously described (12). All sections
were blindly analyzed by experienced pathologists. Briefly, the
immunohistochemical analysis was performed after recoding
the sections to create a blind set. The overall intensity and
percentage were evaluated under a light microscope (Olympus,
Tokyo, Japan). Briefly, the immunohistochemical results were
categorized into four grades based on the percentage of posi-
tive cells and/or the staining intensity, which was identified
by comparing the section with the positive controls in each
experiment. The grades were as follows: (-), positive cells <5%
of the cancer tissue and/or weakly stained; (+), <25% and/or
weakly stained; (++4), <50% and/or moderately stained; and
(+++), >75% and/or strongly stained.

Semiquantitative polymerase chain reaction (qPCR) assay.
Total RNA was isolated from the tumor and benign tissues
using TRIzol® reagent (Invitrogen, Carlsbad, CA, USA).
The RNA concentration was determined using a spectro-
photometer (Bio-Rad Laboratories, Hercules, CA, USA).
Complementary DNA was synthesized from 3 pg total RNA
with aRevertAid First Strand cDNA Synthesis kit (Fermentas,
Hanover, MD, USA) according to the manufacturer's instruc-
tions. The qPCR assay was performed with 20 ul reaction
mixture, and the PCR was conducted with 35 cycles of 94°C
for 30 sec and 72°C for 1 min. f-actin served as an internal
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Table I. Demographic and clinicopathological characteristics
of the patients.

Characteristic Number
Age, years
<50 5
50-70 20
>70 7
Gender
Male 22
Female 10
TNM stage
T,N,M, 16
T;,N,M, 11
T,,N,M, 3
T N,M, 2

TNM, tumor node metastasis.

control. The PCR products underwent electrophoresis by 2%
agarose gel analysis. The expression levels of the target genes
were evaluated by calculating the average ratios of gray
scale using a computerized gel imaging system (Bio-Rad
Laboratories). The primers that were used for the amplifica-
tion are listed in Table II.

Western blot analysis. The tumor samples, which had been
stimulated with IFN, were lysed and homogenized (SanShon
Machinery, Zhejiang, China) in radioimmunoprecipitation
assay buffer and the control samples were treated in the
same way. The protein concentration in the samples was
subsequently determined. Equal amounts of protein were
separated on 10% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis gels and transferred to a polyvinylidene
difluoride membrane (Millipore, Billerica, MA, USA).
The membrane was blocked with non-fat milk for 2 h and
incubated with the primary antibodies overnight. Following
washing with Tris-buffered saline and Tween 20 (TBST)
for 30 min, the membrane was incubated for 1 h, washed
with TBST and the proteins were detected with an enhanced
chemiluminescence kit (Bio-Rad Laboratories). The protein
expression levels were evaluated by calculating the average
ratios of gray scale using a computerized gel imaging system;
GAPDH served as the control.

Statistical analysis. The positive expression rates between
the tumor and benign tissues were assessed with %> test. The
gPCR and western blot data were analyzed using Student's
t-test. P<0.05 was considered to indicate a statistically signifi-
cant difference. The data were analyzed with SPSS software
version 19.0 (IBM, Armonk, NY, USA).

Results

Immunohistochemical staining in the renal cell carcinomas
and benign renal tissues. Positive immunohistochemical
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Table II. Sequences of the primers used.

Gene Sequence (5'-3") Length (bp) T, (O

JAK1 Sense: TTCTACATGGGGGGATAG 278 544
Antisense: TAAGTATGGAAACCCTCTAA

STAT1 Sense: GGTTGAACCCTACACGAAG 335 574
Antisense: CTACAGAGCCCACTATCCG

STAT?2 Sense: ATACTAGGGACGGGAAGTCG 368 59.8
Antisense: CTGGGAAAAGGGCTGAATG

[B-actin Sense: CGTGGACATCCGCAAAGAC 306

Antisense: AAGAAAGGGTGTAACGCAACT

JAK, Janus kinase; STAT, Signal Transducer and Activator of Transcription.

Figure 1. (A) Negative expression of Janus kinase 1 (JAK1) in renal cancer tissue. (B) Positive expression of JAKI in benign renal tissue. Magnification, x200;
staining, 3,3'-diaminobenzidine.

A

Figure 2. (A) Negative expression of Signal Transducer and Activator of Transcription 1 (STAT1) in renal cancer tissue. (B) Positive expression of STAT1 in
benign renal tissue. The arrow indicates a positive stain in the cytoplasm of a distal convoluted tubule. Magnification, x200; staining, 3,3'-diaminobenzidine.

Figure 3. (A) Negative expression of phosphorylated Signal Transducer and Activator of Transcription 1 (P-STAT1) in renal cancer tissue. Magnification, x400.
(B) Positive expression of P-STAT1 in benign renal tissue. Magnification, x200; staining, 3,3'-diaminobenzidine.
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Table III. Expression rates of JAK-STAT signaling pathway components in renal cell carcinoma and benign renal tissue.

Signaling Renal cell carcinoma, % (n) Benign renal tissue, % (n)
pathway

component - + to +++ - +to +++
JAK1 75.0 (24/32) 25.0 (8/32) 30.0 (3/10) 70.0 (7/10)
P-JAK1 100.0 (32/32) 0.0 (0/32) 100.0 (10/10) 0.0 (0/10)
STAT1 68.8 (22/32) 31.2 (10/32) 50.0 (5/10) 50.0 (5/10)
P-STAT1 87.5 (28/32) 12.5 (4/32) 30.0 (3/10) 70.0 (7/10)
STAT2 0.0 (0/32) 100.0 (32/32) 20.0 (2/10) 80.0 (8/10)
P-STAT2 0.0 (0/32) 100.0 (32/32) 0.0 (0/10) 100.0 (10/10)

JAK, Janus kinase; P, phosphorylated; STAT, Signal Transducer and Activator of Transcription.
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Figure 4. Relative ratio of the mRNA levels of JAK-STAT ("P<0.05). JAK,
Janus kinase; STAT, Signal Transducer and Activator of Transcription; RCC,
renal cell carcinomas; BRT, benign renal tissues.

staining was observed in the cytoplasm or cytomembranes
of the renal tubules. The positive expression rates of JAKI,
STAT!1 and P-STATI in the renal cell carcinomas were
significantly lower than those observed in the benign renal
tissues (P<0.05). The expression rates of STAT2 in the renal
cell carcinomas were elevated compared with those in the
benign renal tissues (P<0.05). No differences in the expres-
sion rates of P-JAK1 and P-STAT2 between the renal cell
carcinoma tissues and benign renal tissues were identified
(Figs. 1-3; Table III).

qPCR detection of the JAK-STAT mRNA expression levels.
The JAKI1, STAT1 and STAT2 mRNA levels were detected
in the renal cell carcinomas and benign renal tissues. The
relative expression levels of JAK1 (0.696+0.102) and STAT1
(0.341+£0.068) in the tumor tissues were lower than those in
the benign tissues (0.957+0.103 and 0.547+0.082, respectively;
P<0.05). No significant differences were identified in the
relative mRNA expression levels of STAT2 (0.702+0.101 vs.
0.676+0.105) between the two types of tissue (Fig. 4).

Western blot analysis determined the changes in the levels
of JAK-STAT expression following stimulation with IFN. To
determine the active status of JAK-STAT in the tumor tissues

Figure 5. High enhanced expression levels of phosphorylated Signal
Transducer and Activator of Transcription 1 (91 kDa). Right band: Stimulated
with interferon-a2b.

Figure 6. Low enhanced expression levels of phosphorylated Signal
Transducer and Activator of Transcription 1 (91 kDa). Right band: Stimulated
with interferon-a2b.

Figure 7. GAPDH (36 kDa).

following stimulation with IFN-a2b, the expression levels of
JAK-STAT in the IFN stimulated and control tumor tissues
were identified using western blot analysis. The expression
levels of JAK1, P-JAK1, STATI1 and P-STAT1 were examined
in the two types of tissues. The results showed that IFN stimu-
lation significantly increased the expression levels of P-STAT1
(Figs. 5-7), however, not those of STAT1, JAK1 and P-JAKI
(P<0.05; Table IV). Enhanced expression levels of P-STAT1
were detected in 75% (24/32) of the samples, however, the
levels varied markedly between the samples. Enhanced
expression levels of P-STAT1 were not detected in 25% of
the samples. The percentage of enhanced expression levels of
P-STAT1 increased significantly when compared with those of
the control (P<0.05).
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Table IV. Relative expression levels of JAK-STAT signaling pathway components prior to and following stimulation with inter-

feron (n=32).

Relative expression level, mean + standard deviation

Pathway components

Control tumor tissue

Stimulated tumor tissue

JAK1 0.253+0.14 0.298+0.19
P-JAK1 0.316+0.23 0.307+0.14
STAT1 0.424+0.27 0.384+0.20
P-STAT1 0.190+0.12 0.460+0.24*

2P<0.05, compared with control tumor tissue. JAK, Janus kinase; P, phosphorylated; STAT, Signal Transducer and Activator of Transcription.

Table V. Local relapse and metastasis rates of the renal cell carcinomas in the two groups; high and low expression of phosphory-

lated Signal Transducer and Activator of Transcription.

Group Local relapse rate, % (n) Metastasis rate, % (n)
High expression 16.7 (2/12) 0.0 (0/10)
Low expression 35.0 (7/20) 5.0 (1/20)

Enhanced P-STATI expression levels were associated with
relapse and metastasis of renal cell carcinoma. The patients
were followed up for 24 months after the immunotherapy with
IFN. Clinical evaluation was performed by regular interviews,
and relapse and metastasis of the tumors were diagnosed using
enhanced computed tomography scanning and tissue biopsy
analysis. The patients were divided into two groups (high
and low expression) based on whether the enhancement of
the P-STAT1 expression levels was above or below the mean
value. The rates of relapse and metastasis were compared
between the high and low expression level groups. All patients
tolerated the immunotherapy well and completed their treat-
ment courses. By the end of the follow-up period, nine patients
suffered local relapse and lung metastasis was identified in one
patient. The high expression levels group exhibited reduced
relapse and metastatic rates compared with those of the low
expression group (P<0.05; Table V).

Discussion

Although IFN-a is a treatment option for advanced and
metastatic renal cell carcinoma, a substantial proportion of
patients fail to respond to IFN treatment (13). The mechanism
of resistance to IFN treatment of renal cell carcinoma remains
unclear. The cytokine-activated JAK-STAT pathway has an
important role in the control of immune responses. The present
study focused on the expression status of the components of
the JAK-STAT pathway in human renal cell carcinoma and
attempted to identify a biomarker, which predicts the IFN
response in patients undergoing immunotherapy.

The expression levels of JAK-STAT in renal cancer carci-
noma tissues were examined and the results indicated that the
positive expression rates of JAK1, STAT1 and P-STATI in
the renal cell carcinomas were significantly lower compared
with those in the benign renal tissues. Furthermore, the

gPCR assay showed that the relative mRNA levels of JAK1
and STATI in the malignant tissues were lower than those in
the benign tissues. A previous study on IFN-resistant human
melanoma cells demonstrated that a defect in the levels
of STAT1 was responsible for the reduced response to IFN
treatment, and transfection of the IFN-resistant cell line to
express increased levels of STATI partially restored the IFN
response (14). In addition, the results from an in vitro study
indicated that an IFN-resistant renal carcinoma cell line was
associated with defective induction of STAT1 (15). The results
of the present study demonstrated that defective expression
of the JAK-STAT1 pathway may be a common phenomenon
in IFN-resistant malignant tumors. Furthermore, the results
of defective expression levels of JAK1 and STAT1 in human
renal carcinoma tissues, which were observed in the present
study, were consistent with the findings from a previous cell
line study (7).

The change in the expression levels of JAK, P-JAK1, STAT1
and P-STAT1 following IFN stimulation was investigated in the
present study using immunohistochemical staining and qPCR.
IFNs are able to bind to a specific cell surface IFN receptor, and
IFN receptor activation leads to the phosphorylation of STAT1
and STAT2, which is critical for signal transduction (16).
The results of the present study showed that IFN stimulation
increased the expression levels of P-STAT1. Enhanced expres-
sion levels were detected in 75% (24/32) of the tumor samples.
These results indicated that the majority of tumors respond to
IFN stimulation, however, the response in the present study
varied markedly between the tumor samples, which may indi-
cate different responses to IFN therapy among patients. As only
the enhanced expression levels of P-STAT1 were detected by
western blot analysis, the association between the enhanced
expression levels of P-STAT1 and the response to IFN therapy
in patients was subsequently investigated. All patients who had
undergone IFN therapy for 24 months were followed up and
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the results indicated that the patients whose tumors expressed
P-STATI in high levels following IFN stimulation were less
likely to suffer a relapse or metastasis. In addition, the post
surgery recurrence rate of locally advanced renal cell carcinoma
was 64% according to the data of a previous study (17), however,
the rate of relapse in the high expression levels group in the
present study was 16.7%, which indicated that the lower relapse
rate in the present study was due to the IFN therapy.

In conclusion, numerous attempts have been made to
identify a predictive biomarker for IFN resistance in different
fields (8,18,19). The results of the present study indicated
that P-STAT1 may be a novel predictor of the IFN response
in patients with advanced renal cell carcinoma. This study
presents the preliminary results, however, a greater population
of patients and an increased follow-up period are required for
further investigation.
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