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Abstract. The present study aimed to assess the expression 
and prognostic significance of remodeling and spacing factor 1 
(RSF1; HBXAP) in renal cell carcinoma (RCC). RSF1 expres-
sion was analyzed using immunohistochemistry on tissue 
samples from a consecutive series of 137 patients with RCC 
who underwent tumor resection between November 2000 
and March 2004. The associations between RSF1 expres-
sion, clinicopathological factors and patient survival were 
investigated. Immunohistochemistry revealed that RSF1 
was highly expressed in 43.1% (59/137) of the RCC samples. 
RSF1 expression levels were associated with the T stage of 
the Tumor‑Node‑Metastasis grading system. Kaplan‑Meier 
survival analysis indicated that high RSF1 expression in 
RCC was significantly associated with a poor prognosis. 
Multivariate analysis revealed that RSF1 expression is an 
independent prognostic parameter for the duration of overall 
survival of patients with RCC. The results demonstrated that 
a high expression level of RSF1 in RCC is associated with 
advanced tumor stages and a poor prognosis. To the best of 
our knowledge, the present study provides novel evidence of 
the biological significance of RSF1 expression in RCC.

Introduction

Renal cell carcinoma (RCC) is one of the most common malig-
nant tumors of the kidney, accounting for 2‑3% of all malignant 
tumor types in adults worldwide in 2008 (1,2). Its incidence 
and mortality rate continue to increase steadily (1,3), causing 
a great threat to human health. Since the efficacy of radiation 

and chemotherapy treatment is limited (4), identifying novel 
molecular targets for therapy is crucial for RCC.

Remodeling and spacing factor 1 (RSF1), located at the 
11p13.5 locus, was originally identified as an interacting 
factor for hepatitis B virus (HBV) X antigen in host cells (5). 
This hepatitis B virus X‑associated protein (HBXAP), now 
termed RSF1, is a subunit of the ISWI chromatin‑remodeling 
complex  (6). Chromatin remodeling is a basic process in 
multiple critical biological activities, including nucleic acid 
synthesis, transcriptional regulation, DNA repair, methylation 
and recombination (7). Cancer may be caused by mutations 
of any of the chromatin remodeling key proteins, since this 
will result in the abnormal expression of genes (8‑10). RSF1 
is overexpressed and exhibits gene amplification in multiple 
solid tumors, including breast cancer, ovarian cancer and 
oral squamous cell carcinoma (11‑13). Studies have indicated 
that overexpression and/or gene amplification of RSF1 in 
tumors is associated with proliferation, invasion and poor 
prognosis (14‑18). Accumulating evidence suggests that 11q13 
region gene amplification is closely associated with the devel-
opment of malignant tumors (14‑18). An oncogene in the 11q13 
region is also overexpressed in RCC (19).

However, to the best of our knowledge, there has been no 
study examining the expression profile of RSF1 in RCC. To 
additionally identify markers that are associated with poor 
prognosis in RCC and to explore the molecular mechanisms 
that account for the aggressive behavior of RCC, the present 
study examined the expression status of RSF1 in RCC, and 
whether the level of RSF1 expression was associated with 
clinical outcomes in primary RCCs.

Materials and methods

Patients and specimens. The study protocol was approved by 
the Institutional Review Board of China Medical University 
(Shenyang, China) and written informed consent was obtained 
from all patients. Primary tumor specimens and corre-
sponding normal tissues, which were at a distance of 2‑5 cm 
from the tumor tissues, were obtained from 137  patients 
diagnosed with RCC during their first resection at the First 
Affiliated Hospital of China Medical University (Shenyang, 
China) between November 2000 and March 2004. There were 
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76 males and 61 females, with an age range of 35‑80 years 
and an average age of 60  years. Lymph node metastases 
and distant metastases were identified in 11 and 5 patients, 
respectively. None of the patients had received radiotherapy or 
chemotherapy prior to surgical resection. The specimens were 
fixed in 10% neutral formalin at room temperature overnight, 
embedded in paraffin, and stained with 0.2% hematoxylin and 
0.5% eosin at room temperature for 5 min and 2 min, respec-
tively. The histological diagnosis and differentiation grade were 
evaluated according to the pathologic‑Tumor‑Node‑Metastasis 
(TNM) staging system of the American Joint Committee on 
Cancer (20). There were 103, 17, 11 and 6 cases at stage I, II, 
III and IV, respectively.

Immunohistochemistry. Surgically excised tumor specimens 
were fixed in 10% neutral formalin at room temperature 
overnight and embedded in paraffin and 4‑µm thick sections 
were prepared. Immunostaining was performed using 
the avidin‑biotin‑peroxidase complex method  (14) 
(UltraSensitive™ SPMouse/RabbitIHC kit; Fuzhou Maixin 
Biotech Co., Ltd., Fuzhou, China). The sections were 
deparaffinized in xylene, rehydrated with graded alcohol 
(100, 95, 80 and 70%), and then boiled at 100˚C in 0.01 M 
citrate buffer (pH 6.0) for 2 min in an autoclave. Hydrogen 
peroxide (0.3%) was applied to block endogenous peroxide 
activity and the sections were incubated at room temperature 
for 1 h with normal goat serum (Fuzhou Maixin Biotech 
Co., Ltd.) to decrease nonspecific binding. Tissue sections 
were then incubated with anti‑RSF1 mouse monoclonal 
antibody (1:1,500; cat no. N05‑727; Upstate Biotechnology, 
Inc., Lake Placid, NY, US). Mouse IgG (dilution, 1:500; cat 
no. ab37355; Abcam, Cambridge, USA) was used as a negative 
control. Staining with anti‑RSF1 mouse monoclonal antibody 
and mouse immunoglobulin was performed at room tempera-
ture for 2 h. Biotinylated goat anti‑mouse serum IgG (dilution, 
1:500; cat no. SHB131; Beijing Solarbio Science & Technology 
Co., Ltd., Beijing, China) was used as a secondary antibody. 
Subsequent to washing, the sections were incubated with strep-
tavidin‑biotin conjugated with horseradish peroxidase at 37˚C 
for 30 min and the peroxidase reaction was developed with 
3,3‑diaminobenzidine tetrahydrochloride. Counterstaining 
with 0.2% hematoxylin was performed at room temperature 
for 5 minand the sections were successively dehydrated in 85, 
95 and 100% ethanol and dimethylbenzene prior to mounting.

A total of 2 independent investigators (Doctors at the 
Department of Pathology at the First Affiliated Hospital 
and College of Basic Medical Sciences of China Medical 
University, Liaoning, China) blinded to the clinical history 
examined all tumor slides randomly. A total of 5 views 
were examined per slide and 100 cells were observed per 
view at a magnification of x200 or x400 (light microscope 
BX51; Olympus, Tokyo, Japan). Following the methods 
described previously, immunostaining of RSF1 was scored 
on a semi‑quantitative scale by evaluating the percentage 
of immunoreactive tumor cells and staining intensity (21). 
Nuclear immunostaining in tumor cells was considered posi-
tive staining. The percentage of stained tumor cells was scored 
as 0, 0%; 1, 1‑5%; 2, 6‑25%; 3, 26‑75%; and 4, 76‑100%. The 
staining intensity was categorized as follows: 0, negative or 
weak; 1, moderate; and 2, strong. The scores of each tumor 

sample were multiplied to produce a final score of 0‑8, and 
the tumor samples with a final score of 4‑8 were considered to 
represent high RSF1 expression. Weak/negative RSF1 staining 
with a final score <4 was considered to indicate low expression.

Statistical analysis. SPSS version 11.5 for Windows 
(SPSS, Inc., Chicago, IL, USA) was used for all analyses. A 
χ2 test was used to evaluate possible associations between RSF1 
expression and clinicopathological factors. A Kaplan‑Meier 
survival analysis was used to estimate the probability of 
patient survival; the differences in survival rates between the 
subgroups of patients were compared using Mantel's log‑rank 
test. The univariate and multivariate analysis were performed 
using the Cox regression model to examine the effects of 
different variables on survival, respectively. The data were 
presented using the mean ± standard deviation. All P‑values 
were two‑sided; P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Expression and localization of RSF1 in RCCs. RSF1 protein 
expression was evaluated in a panel of 137 primary RCC 
samples and corresponding normal tissues using immuno-
histochemistry. Mouse IgG was used as a negative control. 
RSF1 was expressed at only low levels in normal renal 

Figure 1. Representative immunohistochemistry images for RSF1 expression 
in RCC. (A) Negative RSF1 in normal renal tubular epithelium (magni-
fication, x200). (B) Weak nuclear staining of RSF1 expression in a case 
of stage I RCC (magnification, x200). (C) Strong nuclear RSF1 staining 
in stage II RCC (magnification, x200). (D) Strong nuclear RSF1 staining 
in stage II RCC (magnification, x400). (E) Strong nuclear RSF1 staining in 
stage III RCC (magnification, x200). (F) Strong nuclear RSF1 staining in 
stage III RCC (magnification, x400). RCC, renal cell carcinoma; RSF1, remod-
eling and spacing factor 1.
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tubular epithelium (Fig. 1A). Negative/weak nuclear expres-
sion was observed in stage I RCCs (Fig. 1B). High expression 
of RSF1 was identified in 59/137 (43.1%) stage  II and III 
RCCs (Fig. 1C‑F).

Clinical significance of RSF1 protein expression in RCCs. The 
association between RSF1 expression and clinical features of 
patients and biological markers was analyzed. As summarized 
in Table I, no statistical association was identified between high 
RSF1 expression and age (P=0.763), lymph node metastasis 

(P=0.487), metastasis (P=0.597) or nuclear grade (P=0.289). 
However, there was a significant association between high 
RSF1 expression and advanced TNM stage (P=0.049), which 
was more marked in advanced RCC stages (stage  II‑IV) 
compared with early stage (stage I) cases (P=0.003).

RSF1 protein expression is associated with prognosis and 
functions as an independent risk factor in RCCs. Whether 
the expression of RSF1 protein predicted that the overall and 
event‑free survival of patients with RCC was additionally 

Table I. Distribution of RSF1 status in human renal cell carcinoma according to clinicopathological characteristics.

Characteristic	 Number	 Negative/weak RSF1 expression	 RSF1 overexpression	 P‑value

Age				  
  <60 	 63	 35	 28	 0.763
  ≥60 	 74	 43	 31	
Sex				  
  Female	 61	 35	 26	 0.925
  Male	 76	 43	 33	
TNM stage				  
  I	 103	 68	 35	 0.049a

  II‑IV	 34	 16	 18	
Tumor stage				  
  T1‑2	 120	 86	 34	 0.003a

  T3‑4	 17	 6	 11	
Nodal status				  
  N0	 126	 77	 49	 0.487
  N1	 11	 5	 6	
Metastasis				  
  M0	 132	 82	 50	 0.597
  M1	 5	 2	 3	
Nuclear grade				  
  1‑2	 108	 64	 44	 0.289
  3‑4	 29	 14	 15	

P‑value was obtained using a χ2 test. aP<0.05 is considered to indicate a statistically significant difference (two‑sided). RSF1, remodeling and 
spacing factor 1; TNM, tumor node metastasis.

Figure 2. Positive RSF1 expression is associated with poor prognosis. (A) Kaplan‑Meier event‑free survival curves for patients with RCC stratified by expres-
sion of RSF1. Patients with a high RSF1 expression had more decreased event‑free survival, compared with the patients with a low expression of RSF1. 
(B) Kaplan‑Meier overall survival curves for patients with RCC stratified by expression of RSF1. Patients with a high RSF1 expression had decreased overall 
survival, compared with the patients with a low expression of RSF1. RCC, renal cell carcinoma; RSF1, remodeling and spacing factor 1. P<0.05 is considered 
to indicate a statistically significant difference (two‑sided).
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investigated. Through Kaplan‑Meier analysis it was identified 
that patients with RSF1 expression exhibited significantly shorter 
event‑free survival compared with those without RSF1 expression 
(P<0.05; Fig. 2A). Similarly, patients with low RSF1 expression 
levels exhibited significantly longer overall survival compared 
with those with high expression levels of RSF1 (P<0.05; Fig. 2B).

Whether RSF1 expression was an independent factor for 
patient survival was explored through univariate and multi-
variate Cox regression analyses. Univariate Cox regression 
analysis indicated that TNM stage, tumor stage, lymph node 
metastasis, and high RSF1 expression were associated with 
overall and event‑free survival (P<0.05; Table II). Multivariate 
Cox regression analysis demonstrated that TNM stage and 
RSF1 expression were independently associated with overall 
and event‑free survival (P<0.05; Table III).

Discussion

RSF1 (HBXAP) is a cellular nuclear protein that binds 
to sucrose non‑fermenting protein 2 homolog, forming a 
chromatin remodeling protein complex termed RSF that 
mediates ATP‑dependent chromatin remodeling and alters 

the chromatin structure or positioning of nucleosomes (22). 
Accumulating evidence indicates that chromatin remodeling is 
associated with the regulation of malignant cell transformation 
and tumor progression Amplification of genes at the 11q13.5 
locus is common in solid tumors, including ovarian, head and 
neck, and breast carcinomas (12,13,15,23‑26). The genes of the 
region include RSF1, EMSY, BRCA2 interacting transcrip-
tional repressor, P21 (RAC1) activated kinase 1 (PAK1), RAD9 
checkpoint clamp component A, and cyclin D1 have been 
proposed as candidate tumor driver genes (12,13,15,23‑26). 
Numerous studies have demonstrated that the amplification 
of RSF1 is not only significantly correlated with tumor cell 
proliferation, migration, invasion and apoptosis abilities, but 
also with poor prognosis of patients with ovarian, lung, hepa-
tocellular and prostate cancer (14‑18).

Since the overexpression of PAK1 occurs in renal cancer (19), 
it was hypothesized that RSF1 may also be overexpressed in 
RCC. To the best of our knowledge, the present study has identi-
fied for the first time the expression status of RSF1 in RCC. 
Similar to other types of cancer (14‑18), RSF1 overexpression 
was common, affecting 43.1% of RCC cases. The overexpres-
sion of RSF1 was associated with advanced clinical stages 

Table II. Univariate regression analysis in predicting the survival of patients with renal carcinoma.

	 Event‑free survival	 Overall survival
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Variable	 HR (95% CI)	 P‑value	 HR (95% CI)	 P‑value

Age				  
  <60	 1.330 (0.769‑2.301)	 0.307	 1.472 (0.814‑2.661)	 0.201
  ≥60				  
Sex				  
  Female	 1.042 (0.603‑1.803)	 0.882	 1.175 (0.650‑2.124)	 0.593
  Male				  
TNM stage				  
  I	 8.030 (3.643‑17.702)	 <0.001a	 9.237 (3.841‑22.651)	 <0.001a

  II‑IV				  
Tumor stage				  
  T1‑2	 2.452 (1.374‑4.377)	 0.002a	 2.366 (1.286‑4.354)	 0.006a

  T3‑4				  
Nodal status				  
  N0	 6.845 (3.702‑12.657)	 <0.001a	 6.345 (3.335‑12.071)	 <0.001a

  N1				  
Metastasis				  
  M0	 1.600 (0.825‑3.105)	 0.165	 1.426 (0.690‑2.946)	 0.338
  M1				  
Nuclear grade				  
  1‑2	 0.868 (0.613‑1.231)	 0.428	 0.868 (0.600‑1.254)	 0.450
  3‑4				  
RSF1 expression status				  
  High 	 2.019 (1.171‑3.481)	 0.012a	 1.889 (1.063‑3.358)	 0.030a

  Low 				  

P‑value was obtained using a χ2 text. aP<0.05 is considered to indicate a statistically significant difference (two‑sided). HR, hazard ratio; CI, 
confidence interval; RSF1, remodeling and spacing factor 1; TNM, tumor node metastasis.
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and tumor stage in RCC. Notably, the Kaplan‑Meier survival 
analysis indicated a statistically significant difference between 
patients with high and low RSF1 expression in their RCC stage 
and the long‑term prognosis of high RSF1 expression cases 
appeared to be poorer compared with that of patients with low 
RSF1 expression. It was demonstrated that RSF1 expression was 
a predictive factor for tumor‑free and overall survival.

The results of the present study indicated that the overex-
pression of RSF1 may indicate a poor prognosis in patients with 
RCC; therefore, it may be used as a novel prognostic marker. 
Davidson et al indicated that the compared with low expression 
of RSF1, overexpression and amplification of RSF1 predicted a 
decreased survival in patients with ovarian cancer (21), similar 
to Erb‑B2 receptor tyrosine kinase 2 in breast cancer (27) and 
MYCN proto‑oncogene, BHLH transcription factor in neuro-
blastoma (28). It is plausible that RSF1 gene amplification and 
overexpression in tumor cells disrupts the homeostatic kinetics 
in the chromatin remodeling machinery and alters gene regu-
lation, consequently facilitating tumorigenesis (10,29,30).

In the present study, the association between high RSF1 
expression and the prognosis of patients with RCC was analyzed. 
The results, suggesting that high RSF1 expression indicates 

a poor prognosis of RCC, are consistent with data in ovarian, 
prostate and hepatocellular cancer (17,18,21). The results may 
be explained by previous studies demonstrating that RSF1 
promotes tumor cell proliferation and invasion (10,13,14,16). All 
of these results together suggest that RSF1 is an important onco-
gene in RCC. In addition, previous studies have demonstrated 
that RSF1 overexpression contributes to paclitaxel resistance 
in ovarian cancer cells, which may be a valuable direction of 
future studies in the area of kidney cancer.

To conclude, the results of the present study indicate that 
the patients with high RSF1 expression had more advanced 
clinical stages and a poorer prognosis compared with the 
patients with a low expression of RSF1. Future study will 
examine the mechanisms whereby RSF1 promotes a malig-
nant phenotype, including tumor cell proliferation and drug 
resistance in RCC, since this may be a novel treatment target.
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Table III. Multivariate regression analysis in predicting the survival of patients with renal carcinoma.

	 Event‑free survival	 Overall survival
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Variable	 HR (95% CI)	 P‑value	 HR (95% CI)	 P‑value

Age				  
  <60 	 2.590 (0.624‑10.745)	 0.190	 2.119 (0.461‑9.729)	 0.334
  ≥60 				  
Sex				  
  Female	 0.650 (0.156‑2.703)	 0.553	 0.799 (0.174‑3.671)	 0.773
  Male				  
TNM stage				  
  I	 5.521 (1.321‑23.076)	 0.019a	 9.468 (2.052‑43.679)	 0.004a

  II‑IV				  
Tumor stage				  
  T1‑2	 0.678 (0.259‑1.777)	 0.429	 0.512 (0.184‑1.424)	 0.200
  T3‑4				  
Nodal status				  
  N0	 1.450 (0.508‑4.143)	 0.488	 1.434 (0.482‑4.269)	 0.517
  N1				  
Metastasis				  
  M0	 1.470 (0.723‑2.986)	 0.287	 1.198 (0.548‑2.618)	 0.650
  M1				  
Nuclear grade				  
  1‑2	 0.962 (0.668‑1.385)	 0.834	 0.924 (0.632‑1.349)	 0.681
  3‑4				  
RSF1 expression status				  
  High 	 0.176 (0.066‑0.472)	 0.001a	 4.023 (1.263‑12.820)	 0.019a

  Low 				  

P‑value was obtained using a χ2 test. aP<0.05 is considered to indicate a statistically significant difference (two‑sided). HR, hazard ratio; CI, 
confidence interval; RSF1, remodeling and spacing factor 1; TNM, tumor node metastasis.
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