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Abstract. Glycoprotein non‑metastatic protein B (GPNMB) 
promotes bone metastasis (BM) in various types of cancer. 
However, GPNMB expression and its function in patients with 
renal cell carcinoma (RCC) and BM is still unknown. Therefore, 
the clinical significance of GPNMB and its biological function 
in RCC with BM was investigated in the present study. A total 
of 31 patients with RCC and BM were retrospectively collected. 
The association between GPNMB protein expression level on 
the primary tumor and the clinicopathological characteristics 
of the patients was analyzed. Kaplan‑Meier analysis was used 
to investigate the association between GPNMB expression and 
the prognosis of the patients. The effects of GPNMB inhibi‑
tion on cell proliferation, migration and invasion in RCC cells 
were investigated using short hairpin (sh)RNA. High GPNMB 
expression level was significantly associated with the number 
(P=0.001) and the extent of BM (P=0.001), Fuhrman grade 
(P=0.037), and ERK expression level (P=0.003) of the primary 
tumor. In addition, GPNMB overexpression was significantly 
associated with poor prognosis with respect to overall survival 
time (P=0.001). Furthermore, a specific shRNA sequence 
targeting the GPNMB gene was constructed and transduced 
into the ACHN cell line, using a lentivirus vector to obtain a 
stable cell line with low mRNA expression level of GPNMB. 
Low GPNMB expression level inhibited RCC cell prolifera‑
tion, which was measured using a Cell Counting Kit‑8 assay. 
Cell migration and invasion ability was significantly decreased 
in GPNMB knockdown RCC cells compared with that in cells 
transduced with the negative control shRNA. In addition, the 
protein expression levels of phosphorylated ERK were lower in 

the GPNMB shRNA‑transduced ACHN cells compared with 
those in the control cells. Therefore, these results suggested 
that GPNMB plays an important role in tumor progression 
in RCC with BM. Furthermore, it might serve as a predictive 
marker for BM and as a poor prognostic factor in RCC with 
BM. GPNMB downregulation suppressed the proliferation, 
migration and invasion of the RCC cells, which may be medi‑
ated through the inhibition of the ERK signaling pathway.

Introduction

Renal cell carcinoma (RCC) is a common urinary system 
malignant tumor and accounts for 2‑3% of adult malignant 
tumors. The male to female ratio was ~1.5:1 and the 50‑70 years 
old age group had the highest prevalence (1,2). The incidence 
rate of RCC is increasing ~2.5% each year (3,4). One‑third 
of patients with RCC have metastasis at initial diagnosis and 
up to 40% of patients with initially localized RCC eventu‑
ally develop metastasis during follow‑up (5‑7). The common 
sites of metastasis from RCC are the lungs (45.2%), followed 
by the bone (29.5%), regional lymph nodes (21.8%), the liver 
(20.3%), the adrenal gland (8.9%) and the brain (8.1%) (8). 
Molecular‑targeted therapies are the leading treatment for 
metastatic RCC (mRCC). However, the objective response rate 
(ORR) and complete response of the primary tumor was only 
28 and 2.5%, respectively in patients treated with first‑line 
targeted therapy (9). In addition, the prognosis of patients with 
mRCC was found to be extremely poor, with a 5‑year survival 
rate of <10% (10). Therefore, it is important to identify novel 
prognostic, diagnostic and therapeutic methods to increase the 
understanding of the development and progression of RCC.

Glycoprotein non‑metastatic protein B (GPNMB) is 
a type I transmembrane protein, which was first isolated 
and described in 1995 (11). The GPNMB gene is located on 
chromosome 7q15 and encodes a protein, 572 amino acids 
in length (12). GPNMB has been found to be expressed in 
different tissues and cells, including bone tissues, osteoclasts, 
osteoblasts, macrophages and dendritic cells. It plays diverse 
and important roles in normal cells and tissues, such as cell 
differentiation and migration, and tissue regeneration and 
inflammation (13‑15). However, the overexpression of GPNMB 
has been found in different types of cancer and was found to 
increase the invasion and metastasis in several types of tumor 
cells. GPNMB promoted the metastasis of melanoma, glio‑
blastoma and hepatocellular carcinoma (16‑18). In addition, 
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the increased expression of GPNMB, both at the mRNA and 
protein expression level, was detected in osteosarcoma tissues 
compared with that in the adjacent non‑cancerous tissues (19). 
Furthermore, GPNMB promoted the development of an 
aggressive, pro‑metastatic phenotype in human prostate cancer 
cell lines (20), and GPNMB overexpression in breast cancer 
cells was associated with bone invasion (21). These previous 
studies suggested that GPNMB may play an important role in 
the bone metastasis (BM) of malignant tumors, which could 
serve as a potential therapeutic target.

Therefore, the aim of the current study was to quantify 
the protein expression levels of GPNMB in the primary renal 
tumor and the matched BM, to investigate the association 
between GPNMB expression level and the clinicopathological 
parameters and prognosis in patients with RCC and BM. 
Furthermore, the results of our previous research found that 
the expression level of ERK was significantly increased in the 
matched BM compared with that in the primary RCC (22). 
Therefore, the underlying molecular mechanism of GPNMB 
activity in tumor metastasis, particularly via the activation of 
the ERK pathway, was also investigated.

Materials and methods

Tissue samples and cell lines. In the present retrospective study, 
a total of 31 patients with RCC and BM were collected. The 
present study was approved by the Ethical Committee of Beijing 
Jishuitan Hospital (approval no. 2016‑16; Beijing, China). Due 
to the retrospective design of the study patient consent was not 
required for data analysis and all samples were anonymized 
prior to analysis. The samples included primary RCC and 
the matched BM, which were resected during surgery. The 
following inclusion criteria were used: Patients with i) newly 
diagnosed BM from RCC; ii) BM diagnosed using a bone scan 
or positron emission tomography‑CT and iii) definite patho‑
logical diagnosis of the BM. The exclusion criteria included 
patients with i) concomitant other malignant tumors; ii) no 
surgical treatment of BM and iii) targeted therapy or radio‑
therapy.

Information regarding the sex, age, time, extent and the 
number of BMs, the presence or absence of visceral metas‑
tasis, and the pathological type of BM was also collected from 
patient records. All the patients were followed up regularly 
following surgery, at 3‑month intervals during the first 2 years 
then, at 6‑month intervals thereafter. Chest X‑rays, chest CT 
scans and serum chemistry analyses (blood biochemistry and 
routine blood analysis) was performed for all the patients at 
every follow‑up visit. Recurrence was evaluated from the 
patient records at Beijing Jishuitan Hospital (Beijing China) 
and the patients were followed up by their physician until they 
died or until the date of the last documented contact.

According to the time of BM, the patients were divided 
into 2 groups: RCC with synchronous BM and RCC with 
metachronous BM groups. The patients who had BM at initial 
diagnosis of RCC were defined as the BM synchronous group. 
The patients diagnosed with BM after the diagnosis of RCC 
were defined as the BM metachronous group. With respect to 
the extent of the BM, the patients were divided into 3 groups: 
axial only BM, appendicular only BM, and both axial and 
appendicular BM groups.

The human ACHN RCC‑derived cell line was purchased 
from the National Infrastructure of Cell Line Resource. The 
cells were maintained in MEM containing 10% fetal bovine 
serum (FBS, both Gibco; Thermo Fisher Scientific, Inc.) 
at 37˚C in a humidified incubator with 5% CO2.

Immunohistochemistry. All the paraffin‑embedded sections 
(4‑µm thick) were dewaxed in xylene for 5 min three times 
followed by 100% alcohol for 5 min, 90% alcohol for 5 min 
and 80% alcohol for 5 min. The sections were then rinsed 
in distilled water for 2 min and the antigen was retrieved 
(0.01 M citrate buffer, pH 6.0) at 95˚C for 20 min. Endogenous 
peroxidase activity was blocked with 3% hydrogen peroxide, 
then non‑specific binding was blocked with 5% normal goat 
serum (cat. no. AR1009; Boster Biological Technology) for 
30 min at room temperature. Following which, the sections 
were incubated with the primary rabbit anti‑human GPNMB 
(1:500 dilution; cat. no. ab222109) and ERK antibodies (1:300 
dilution; cat. no. ab32537) (both from Abcam) at 4˚C over‑
night in a wet box. Subsequently, the sections were incubated 
with the biotinylated secondary antibody (1:200 dilution; 
cat. no. K5007; Dako; Agilent Technologies, Inc.) for 20 min 
at room temperature, then with the chromogen, 3,3'‑diami‑
nobenzidine for 5 min at room temperature. The sections 
were lastly stained with Mayer's hematoxylin (cat. no. H9627; 
Sigma‑Aldrich; Merck KGaA) for 3 min at room temperature 
and viewed under a microscope (Olympus BX53; Olympus 
Corporation) with x400 magnification.

At least 500 tumor cells were evaluated for immunostaining, 
and the GPNMB or ERK expression level was evaluated 
according to the staining intensity and the percentage of cells 
expressing GPNMB or ERK. Briefly, the sections were evalu‑
ated for the percentage of stained cells using the following 
criteria: 0, 0%; 1, <10%; 2, 11‑50%; 3, 51‑80% and 4, >80%. 
At the same time, the intensity of staining was also evalu‑
ated and graded from 1 to 3, as follows: 0, negative; 1, weak; 
2, moderate; and 3,  strong. The two values obtained were 
multiplied together to calculate a receptor score (maximum 
value, 12). The tumor samples that scored ≤6 were considered 
to have a low expression level of GPNMB (GPNMB low; 
n=20), whereas samples which scored >6 were classified as 
having a high expression level of GPNMB (GPNMB high; 
n=11). To decrease the interobserver variation in evaluating 
the staining patterns, the immunohistochemical staining was 
evaluated and scored by two independent observers using the 
semi‑quantitative method. Any discrepancies were resolved 
by a joint review using a double‑headed light microscope 
(Axioplan II; Zeiss AG). 

RNA interference. Small interfering (si)RNA targeting human 
GPNMB mRNA (5'‑GGA​ATA​CAA​CCC​AAT​AGA‑3') was 
ligated into the lentiviral vector pLVshRNA‑EGFP(2A)Puro 
(0.1 µg; Inovogen Tech) using the restriction sites, EcoRI 
and BamHI. The lentivirus was made using the 293T cells 
transduced with pLVshRNA‑GFP, psPAX2 (cat. no. 12260; 
Addgene, Inc.) and pMD2.G (cat. no. 12259; Addgene, Inc.) 
at a 4:3:2 ratio. The cells were incubated at 37˚C in a humidi‑
fied incubator with 5% CO2, for 48 h, then the medium was 
collected and filtered using a 0.45 µM filter unit. The ACHN 
cell line was transduced with a high multiplicity of infection 
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and 10 µg/ml polybrene. The samples were analyzed 72 h 
following transduction using flow cytometry (FACS AriaIII; 
BD  Biosciences) to sort the GFP+ cells. GFP+ cells with 
puromycin (cat.  no.  A1113803; Thermo Fisher Scientific, 
Inc.) resistance were used for further analysis. The concen‑
trations of puromycin used for selection and maintenance 
were 1 and 0.5 µg/ml, respectively. A non‑targeting sequence 
(5'‑UUC​UCC​GAA​CGU​GUC​ACG​U‑3'; Invitrogen; Thermo 
Fisher Scientific, Inc.) was used as the negative control (NC).

Western blot analysis. The cells were lysed with RIPA buffer, 
containing 20 mM Tris‑HCl (pH 7.4), 150 mM sodium chloride, 
1 mM dithiothreitol, 5 mM EDTA and 1% (w/v) Triton X‑100 
at  4˚C for 30  min. The lysates were then centrifuged 
at 12,000 x g at 4˚C for 20 min. The supernatant was collected 
and the protein concentration was calculated using a BCA 
assay (Pierce; Thermo Fisher Scientific, Inc.). Total protein 
(30 ug) was separated using 10% SDS‑PAGE, then transferred 
to PVDF membranes (cat. no.  IPVH00010; Merck KGaA) 
and incubated overnight at 4˚C with the primary antibodies 
(β‑actin, 1:5,000; cat. no. sc‑47778; Santa Cruz Biotechnology, 
Inc.; GPNMB, 1:1,000; cat.  no.  ab227695; Abcam; ERK, 
1:1,000; cat. no. 9102; Cell Signaling Technology, Inc.; and 
phosphorylated (p)‑ERK, 1:500; cat. no. 3179; Cell Signaling 
Technology, Inc.). Next, 5% skimmed milk powder in TBS 
[25 mM Tris, 0.15M NaCl (pH 7.2‑7.5)] was used for blocking 
at room temperature for 1  h. The membranes were then 
incubated with the HRP‑linked secondary antibody (1:5,000 
dilution; cat. no. 7074; Cell Signaling Technology, Inc.) for 1 h 
at 37˚C. The signal was detected using a SuperSignal West 
Pico PLUS Chemiluminescent Substrate (Thermo Fisher 
Scientific, Inc.). 

Cell proliferation assays. In vitro proliferation was analyzed 
using a Cell Counting Kit (CCK‑8; Shanghai Yeasen 
Biotechnology Co., Ltd.). The cells were seeded at a density of 
4,000 cells/well in 96‑well plates. Following which, 10 µl/well 
CCK‑8 reagent was added 0, 24, 48, 72 and 96 h later and the 
cells were incubated for 3 h at 37˚C. The optical density was 
measured at 450 nm using a microplate reader (Tecan Group, 
Ltd.). The experiment was repeated 5 times.

Cell migration and invasion assays. Matrigel invasion assays 
were performed at 37˚C for 16 h using 24‑well Transwell inserts 
(Corning, Inc.) coated with 30 µg Matrigel (BD Biosciences). 
The cells (50,000) suspended in 200 µl serum‑free DMEM 
were seeded into the upper chamber and 600 µl NIH‑3T3 
conditioned medium (CM) was placed in the lower chamber. 
Following incubation at 37˚C for 24 h, the cells were fixed 
with 4% paraformaldehyde (Sinopharm Chemical Reagent 
Co., Ltd.) at room temperature for 10 min, and then stained 
with 0.5% crystal violet (Beyotime Institute of Biotechnology) 
at room temperature for 10 min. The cells that had invaded 
through the membrane were counted at x200 magnification 
under a light microscope and normalized relative to the 10,000 
seeded cells. Transwell cell migration assays were performed 
using the same method; however, the cells were only incubated 
for 5 h and without Matrigel. CM from the NIH‑3T3 cell line 
(cat. no. CRL‑1658; American Type Culture Collection) was 
maintained in DMEM and cultured in a humidified incubator 

at 37˚C with 5% CO2, collected, according to the following 
process, and used as a chemoattractant: NIH‑3T3 cells were 
grown to 50% confluency. The medium was then changed to 
fresh serum‑free medium and the cells were incubated for an 
additional 48 h. The conditioned media was drawn off the cells 
and centrifuged at 25˚C for 5 min at 200 x g to remove debris, 
and stored at ‑20˚C.

Statistical analysis. Measurement data are expressed as 
mean ± standard deviation, and enumeration data are shown 
as n (%). All experiments were independently repeated three 
times. Associations between the clinicopathological param‑
eters and GPNMB expression level were analyzed using a 
Fisher's exact test, while the association between the expres‑
sion level of ERK and the GPNMB high and low expression 
level groups was analyzed using an unpaired Student's t‑test, 
and the expression level of GPNMB and ERK in the primary 
renal tumor and matched BM was analyzed using a paired 
Student's t‑test. Survival curves were analyzed using the 
Kaplan‑Meier method for patients with GPNMB high or low 
expression levels and were evaluated for statistical signifi‑
cance using the log‑rank test. Overall survival was analyzed 
in patients separated according to number of BM, extent of 
BM and visceral metastasis. Univariate and multivariate Cox 
regression analyses were performed to assess the associations 
between clinical covariates and survival. P<0.05 was used to 

Table I. Clinicopathological features in the patients with renal 
cell carcinoma and bone metastasis.

Clinicopathological feature	 Number (%)

Sex	
  Male	 22 (70.9)
  Female	 9 (29.1)
Time of bone metastasis	
  Synchronous	 17 (54.8)
  Metachronous	 14 (45.2)
Number of bone metastasis	
  Solitary	 16 (51.6)
  Multiple	 15 (48.4)
Extent of bone metastasis	
  Axial only	 13 (41.9)
  Appendicular only	 12 (38.7)
  Both axial and appendicular 	 6 (19.4)
Visceral metastasis	
  Yes	 9 (29.1)
  No	 22 (70.9)
Pathology of primary tumor	
  Clear cell carcinoma	 29 (93.5)
  Non‑clear cell carcinoma	 2 (6.5)
Fuhrman grade of primary tumor	
  II	 12 (38.7)
  III	 16 (51.6)
  IV	 3 (9.7)

https://www.spandidos-publications.com/10.3892/ol.2021.13154
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indicate a statistically significant difference. All statistical 
analyses were performed using the SPSS software program 
(v23.0; IBM Corp.). 

Results 

Clinicopathological features of RCC with BM. The clinico‑
pathological features of the 31 patients with RCC and BM, 
enrolled into the present study are summarized in Table I. RCC 
with BM was more common in males (70.9%; n=22) compared 
with that in females, and the male to female ratio of 2.44:1. The 
median age was 59 years (range, 38‑75 years). Synchronous 
BM was found in 17 patients (54.8%). A total of 16 patients 
(51.6%) had solitary BM. There were 13, 12 and 6 patients in 
the axial only BM, appendicular only BM, and both axial and 
appendicular BM groups, respectively. Only 9 patients (29.1%) 
had visceral metastasis. The most common pathology was 
clear cell carcinoma, which was found in 29 patients (93.5%). 

Expression analysis of GPNMB in patients RCC with BM. 
High GPNMB protein expression level in the primary tumor 
was detected in 11 (35.5%) out of the 31 patients with RCC 
and BM using immunohistochemistry, where it was found in 
the membrane (Fig. 1A). The association between GPNMB 
expression and the clinicopathological characteristics was 
subsequently analyzed (Table II). High GPNMB expression 

level was associated with the number (P=0.001) and the extent 
of BM (P=0.001), Fuhrman grade (P=0.037), and ERK protein 
expression level (P=0.003) in the primary tumor. GPNMB 
expression was not associated with sex (P=0.606), time of BM 
(P=0.707) or visceral metastasis (P=0.217). The protein expres‑
sion level of GPNMB and ERK was significantly increased 
in the matched BM compared with that in the primary tumor 
(P=0.001 and P=0.016, respectively) (Table III; Fig. 1). 

Association between GPNMB expression level and prognosis 
in patients with RCC and BM. Kaplan‑Meier analysis was 
used to investigate the association between GPNMB protein 
expression level and patient prognosis. High GPNMB protein 
expression level was significantly associated with a poor 

Table II. Association between GPNMB expression level in the primary tumor and clinicopathological features. 

	 GPNMB expression level
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinicopathological feature	 High 	 Low 	 P‑value

Sex, n			   0.606
  Male	 8	 14	
  Female	 3	 6	
Time of bone metastasis, n			   0.707
  Synchronous	 7	 10	
  Metachronous	 4	 10	
Number of bone metastasis, n			   0.001
  Solitary	 1	 15	
  Multiple	 10	 5	
Extent of bone metastasis, n			   0.001
  Axial only	 4	 9	
  Appendicular only	 1	 11	
  Both axial and appendicular 	 6	 0	
Visceral metastasis, n			   0.217
  Yes	 5	 4	
  No	 6	 16	
Fuhrman grade of primary tumor, n			   0.037
  II	 1	 11	
  III	 8	 8	
  IV	 2	 1	
ERK expression levela	 7.25±2.55	 2.47±0.64	 0.003

aMean ± SD. GPNMB, glycoprotein non‑metastatic protein B.

Table III. Protein expression level of GPNMB and ERK in the 
primary renal tumor and matched bone metastasis.

Gene name	 Primary tumor	 Bone metastasis	 P‑value

GPNMB	 3.65±1.87	 6.91±3.68	 0.001
ERK	 3.96±1.36	 6.52±3.15	 0.016

GPNMB, glycoprotein non‑metastatic protein B.
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prognosis (log‑rank test, P=0.001; Fig. 2A). Overall survival 
time was also analyzed using Kaplan‑Meier method in patients 
separated by number (Fig. 2B) and extent of BM (Fig. 2C), 
and visceral metastasis (Fig. 2D). Univariate and multivariate 

analyses were performed using the Cox proportional hazards 
model (Table IV) and the results from the univariate analysis 
revealed that GPNMB protein expression level, the number 
(P=0.001) and extent of BM (P=0.005), and visceral metastasis 

Figure 1. Immunohistochemical analysis of GPNMB and ERK in the primary renal tumor and the matched BM in patients with renal cell carcinoma. 
(A) High and (C) low GPNMB expression in the primary renal tumor and (B and D) increased GPNMB expression in the matched BM. (E) High and (G) low 
ERK expression in the primary renal tumor and (F and H) increased ERK expression in the matched BM. Magnification, x400. GPNMB, glycoprotein 
non‑metastatic protein B; BM, bone metastasis.

Figure 2. Kaplan‑Meier survival curves for patients with RCC and BM. Patients with (A) GPNMB high expression level, (B) multiple BM, (C) both appen‑
dicular and axial metastasis and (D) visceral metastasis showed poor prognosis. BM, bone metastasis; GPNMB, glycoprotein non‑metastatic protein B.

https://www.spandidos-publications.com/10.3892/ol.2021.13154
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(P=0.019) were significant indicators of poor overall survival 
time. All the significant variables identified from the univariate 
analysis were included in the multivariant analysis Cox regres‑
sion model to identify the independent prognostic factors. The 
results showed that visceral metastasis (P=0.029), number of 
BM (P=0.044) and GPNMB protein expression level (P=0.039) 
were independent prognosis factors for patients with RCC and 
BM (Table IV).

Effect of GPNMB downregulation on proliferation in the 
RCC cells. The effects of GPNMB silencing on RCC cell 
proliferation were investigated using shRNA. Western blot 
analysis showed that the protein expression level of GPNMB 
was suppressed following transduction with shRNA (Fig. 3A). 
To investigate the possible antiproliferative effects of GPNMB 
knockdown, a CCK‑8 was performed 4 days following the 
transduction of shRNA. Cell proliferative ability was signifi‑
cantly decreased in the GPNMB knockdown group compared 
with that in the NC group (Fig. 3B).

Effect of GPNMB downregulation on cell migration and 
invasion. To investigate the invasion and migration abili‑
ties of the GPNMB knockdown RCC cells, Transwell and 
Matrigel assays were performed (Fig. 3C). The results from 
the Transwell assay revealed that, following transduction with 

GPNMB shRNA, the migration ability of the ACHN cell line 
was significantly inhibited (Fig. 3D) compared with that in 
the cells transduced with siNC. In addition, the results from 
the Matrigel assay revealed that the number of invasive cells 
in the GFP‑shRNA‑GPNMB group was significantly lower 
compared with that in the GFP‑NC group (Fig. 3D). 

Effect of GPNMB inhibition on the ERK signaling pathway. 
ERK plays a critical role in tumor cell survival and prolif‑
eration (23). Therefore, it was investigated whether GPNMB 
could affect Ras signaling via the ERK signaling pathway. The 
results indicated that the expression levels of phosphorylated 
ERK were lower in the GPNMB shRNA‑transduced ACHN 
cells compared with those in the control cells (Fig. 3A).

Discussion

In the present study, the clinicopathological significance of 
GPNMB protein expression level in patients with RCC and BM 
was investigated. The immunohistochemical analysis showed 
that high protein GPNMB expression level was detected in 11 
(35.5%) out of 31 patients with RCC and BM. In addition, 
GPNMB protein expression level was also associated with the 
number and the extent of BM. Furthermore, compared with 
that in the primary renal tumor, the protein expression level 

Table IV. Univariate and multivariate analysis of factors associated with survival time in 31 patients with renal cell carcinoma 
and bone metastasis. 

	 Univariate analysis	 Multivariate analysis
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑-‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinicopathological feature	 HR (95% CI)	 P‑value	 HR (95% CI)	 P‑value

Sex				  
  Male	 1.05 (0.43‑2.52)	 0.919		
  Female				  
Time of bone metastasis				  
  Synchronous	 1.21 (0.41‑2.06)	 0.833		
  Metachronous				  
Number of bone metastasis				  
  Solitary	 5.49 (2.14‑12.76)	 0.001	 1.30 (1.02‑1.76)	 0.044
  Multiple				  
Extent of bone metastasis				  
  Axial only	 10.61 (6.21‑18.56)	 0.005	 1.02 (0.56‑1.87)	 0.949
  Appendicular only				  
  Both axial and appendicular 				  
Visceral metastasis				  
  Yes	 2.54 (1.09‑5.89)	 0.019	 3.65 (1.14‑11.56)	 0.029
  No				  
Fuhrman grade of primary tumor				  
  II	 2.29 (1.18‑4.43)	 0.014	 1.01 (0.35‑2.95)	 0.972
  III				  
  IV				  
GPNMB expression level	 12.59 (3.52‑45.13)	 0.001	 5.68 (1.09‑29.44)	 0.039

GPNMB, glycoprotein non‑metastatic protein B.
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of GPNMB in the matched BM was significantly increased. 
These findings are consistent with the results from the study 
by Qin et al (24) and validate the hypothesis that bone metasta‑
sized RCC, with a high expression level of GPNMB, could be 
the result of a more invasive subclone derived from the primary 
tumor. The results of the studies by Rose et al in 2007 (25) 
and 2010 (26) revealed that overexpression of GPNMB signifi‑
cantly enhanced the formation of osteolytic bone metastases 
from breast cancer; therefore, GPNMB has been identified as 
a bone metastatic promotor and a new target for the treatment 
of breast cancer. This finding demonstrated that high GPNMB 
expression level was associated with enhanced bone metastatic 
capacities of cancer cells. 

GPNMB has emerged as an immunomodulator and an 
important positive mediator of tumor progression and metas‑
tasis in numerous types of solid cancer (13,27). As shown in 
the Kaplan‑Meier curves, patients with high GPNMB expres‑
sion levels had worse overall survival time compared with that 
in patients with low GPNMB expression levels. In addition, it 
was confirmed that the number and extent of BM, and visceral 
metastasis was associated with the survival times of patients 
with RCC and BM. Furthermore, multivariate Cox regression 
analysis revealed that GPNMB expression, visceral metastasis 
and the number of BM were independent prognostic factors for 
RCC survival. This is consistent with a previous study, which 
demonstrated that high GPNMB expression level was an 
independent prognostic factor and may serve as a novel thera‑
peutic target in breast cancer (28). Similarly, overexpression 
of GPNMB was also detected in patients with small cell lung 

cancer and poor prognosis (29). In addition, Kaplan‑Meier 
analysis demonstrated that upregulated GPNMB expression 
was associated with an unfavorable prognosis for patients with 
epithelial ovarian cancer (30). Based on these results, GPNMB 
protein expression could be an unfavorable independent prog‑
nostic biomarker for patients with RCC and BM.

The functional significance of GPNMB overexpression in 
cancer requires further investigation. GPNMB may promote 
BM in cancer cells via a variety of molecular mechanisms. 
The effect of GPNMB inhibition on the ERK signaling 
pathway was analyzed in the present study. The results indi‑
cated that the protein expression levels of phosphorylated ERK 
were lower in the cells with GPNMB knocked out compared 
with those in the control cells. Furthermore, the invasive and 
migratory abilities of the GPNMB‑silenced ACHN cells were 
also significantly decreased. These findings demonstrated that 
GPNMB may promote RCC cell growth and metastasis via the 
ERK signaling pathway. However, other mechanisms may also 
be involved in GPNMB‑mediated metastasis (16,27,31,32). 
GPNMB promoted the aggressive phenotypes of prostate 
cancer cell lines by inducing MMP‑2 and MMP‑9, which 
may represent another mechanism by which GPNMB 
promoted tumor metastasis to the bone  (20). In addition, 
overexpression of GPNMB in breast epithelial cells induced 
epithelial‑mesenchymal transition and promoted tumor 
formation and invasion in mice (33). GPNMB was also found 
to contribute to the acquisition of stem cell‑like properties in 
dormant breast cancer cells, which could support tumor cell 
survival, extravasation, and cause the process of metastasis 

Figure 3. Effect of GPNMB downregulation. (A) Western blot analysis of GPNMB, ERK and p‑ERK protein expression level in ACHN cells transduced with 
GPNMB shRNA and NC shRNA. (B) Effects of GPNMB knockdown on the proliferation of the ACHN cells following transduction with GPNMB shRNA 
and NC shRNA. Cell proliferation was assessed using a Cell Counting Kit assay at 24, 48, 72 and 96 h. (C) Migration and invasion assay of the ACHN cells 
transduced with GPNMB shRNA and NC shRNA, and the results were (D) quantitatively analyzed. ***P<0.0001. GPNMB, glycoprotein non‑metastatic protein 
B; sh, short hairpin; p, phosphorylated; NC, negative control.
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more efficient (34). Previously, GPNMB was identified as a 
negative regulator of T cell activation. GPNMB promoted 
the growth and metastasis of melanoma, and drove tumor 
progression and metastasis by downregulating the activation 
of melanoma‑reactive T cells  (18). Furthermore, GPNMB 
expression may facilitate the systemic antitumor responses and 
mediated effects on angiogenesis in breast cancer cells (33). 
Therefore, the biological roles of GPNMB on RCC progres‑
sion and BM requires further investigation. 

GPNMB has become an attractive therapeutic target due 
to its overexpression in a variety of cancers. Glembatumumab 
vedotin, an antibody‑drug conjugate, which targets GPNMB, 
is in clinical trials as a single agent in multiple types of cancer, 
such as advanced melanoma and breast cancer  (18,35‑37). 
The results of several phase II clinical trials showed that 
glembatumumab vedotin had modest inhibitory activity in 
patients with advanced melanoma. The ORR was 11‑33%, 
the median response duration was ~6.0 months, the median 
progression‑free survival (PFS) time was 4.4 months and the 
median overall survival time was 9.0 months  (38,39). The 
activity of glembatumumab vedotin in patients with advanced 
breast cancer and high GPNMB expression has also been 
investigated in several phase II studies. Significantly higher 
ORR and longer PFS times were found in the GPNMB overex‑
pression group. The ORR to glembatumumab vedotin therapy 
in patients with advanced breast cancer and high GPNMB 
expression levels was 30‑40%, while the ORR was only 9% 
in the chemotherapy group (40). In a phase II clinical trial 
where the patients with treatment‑resistant metastatic breast 
cancer received glembatumumab vedotin, the median PFS 
time was 9.1 weeks for all patients and 18.0 weeks for patients 
with GPNMB‑positive tumors (41). However, there has been 
no clinical trial to investigate the effects of glembatumumab 
vedotin in patients with RCC and BM; therefore, further inves‑
tigation is required.

In conclusion, the results from the current study suggested 
that upregulated GPNMB expression was associated with the 
extent of BM and poor prognosis, indicating that GPNMB may 
serve as a potential prognostic marker for patients with RCC 
and BM. GPNMB downregulation suppressed the prolifera‑
tion, migration and invasion of the RCC cell line, which may 
be mediated via the ERK signaling pathway. However, further 
studies are required to elucidate the detailed molecular mecha‑
nism of its activity in tumor cell biology, as well as its potential 
as a therapeutic target in patients with RCC and BM.
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