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Abstract. Targeting protein for Xenopus kinesin‑like 
protein 2 (TPX2) is a microtubule‑associated protein. TPX2 is 
considered to be an important gene in tumorigenesis; however, 
the particular function of TPX2 in the development of human 
renal cell carcinoma (RCC) is unknown. In the present study, 
the expression, function and prognostic significance of TPX2 
in human RCC was analyzed. A total of 286 tissue samples 
from patients with RCC who had undergone nephrectomies 
were utilized. Subsequently, the expression of TPX2 protein 
was investigated using immunohistochemistry and western 
blotting, and TPX2 mRNA expression was examined using 
reverse transcription‑quantitative polymerase chain reaction. 
To establish the effect of TPX2 on the proliferation and inva-
sion of the RCC cells, TPX2 expression was increased by 
stable transfection with a TPX2 vector and TPX2 expression 
was decreased using small interfering RNA. Proliferation 
of the RCC cells was analyzed using a WST‑1 assay and an 
animal xenograft model with BALB/c nude mice, whilst inva-
sion of the RCC cells was examined using a Matrigel‑coated 
invasion chamber. It was demonstrated that TPX2 expression 
was significantly higher in the RCC tissues compared with 
normal kidney tissues (P<0.05). Furthermore, TPX2 expres-
sion was associated with tumor size, histological grade and 
tumor stage (P<0.05), and was observed to markedly increase 
the proliferation and invasion of the RCC cells. It may be 
concluded that the expression of TPX2 is significantly upregu-
lated in RCC tissue, subsequently increasing the proliferative 
and invasive ability of RCC cells. Therefore, the protein may 
serve as a therapeutic target and independent prognostic factor 
in the treatment of human RCC.

Introduction

Human renal cell carcinoma (RCC) is the most lethal urinary 
malignancy and consists of a number of different pathological 
types, including clear cell, chromophobe and papillary RCC, 
which all arise from the epithelium of the renal tubules (1,2). 
The most prevalent RCC subtype is clear cell, accounting 
for 85% of all RCC cases (3). Generally, RCC is resistant to 
conventional radiotherapy and chemotherapy (4,5). Prognosis 
for patients with metastatic RCC is poor, with a median 
survival time of 8  months and a 5‑year survival rate of 
10% (6). Although certain genes have been investigated as 
potential prognostic predictors and therapeutic targets for 
RCC, the molecular mechanisms underlying the development 
and progression of RCC remain largely unknown.

Targeting protein for Xenopus kinesin‑like protein  2 
(TPX2) is a microtubule‑associated protein, and functions to 
regulate the construction of the mitotic spindle by promoting 
microtubule nucleation from chromatin and stabilization of 
the spindle microtubules (7,8). It has been demonstrated that 
TPX2 overexpression induces the amplification of centro-
somes and results in DNA polyploidy (9). TPX2 also serves a 
crucial role in the proliferation of various tumor cells (10,11). 
TPX2 expression is closely regulated by the cell cycle, and 
exhibits particularly high expression in proliferating cells 
transitioning between the G1 and S phase  (12‑14). Certain 
studies have demonstrated that the TPX2 gene, in addition to 
elevated gene copy numbers, is frequently identified in various 
human malignancies, including lung carcinoma (15), salivary 
gland cancer (16), esophageal cell carcinoma (17) and breast 
cancer (18). Furthermore, the upregulated expression of TPX2 
has been observed in a number of different tumors, including 
bladder and colon cancer (19,20). Such results have revealed the 
correlation between TPX2 and the tumorigenesis of cancer. In 
addition, it has been demonstrated that the overexpression of 
TPX2 serves an important role in the progression and invasion 
of human malignancies (21), and that its expression is associ-
ated with the aggressiveness of ovarian cancer (22). Previous 
studies have reported that TPX2 is involved in cell proliferation 
and associated with poor prognosis in patients with esophageal 
cell carcinoma (23,24), supporting the hypothesis that TPX2 
functions as a tumor promoter in this particular type of cancer.

When combined, the aforementioned reports suggest that 
TPX2 may be involved in the progression of malignant tumors; 
however, the function of TPX2 expression in human RCC 
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remains unknown. Thus, the present study investigated the 
effect of TPX2 expression on the proliferation and invasion of 
RCC cells. The results indicated that the expression of TPX2 
is upregulated in RCC, and that TPX2 provokes the invasion 
and proliferation of RCC cells through the suppression of 
Akt/mammalian target of rapamycin (mTOR) signaling. Such 
findings indicate that TPX2 may serve as an independent prog-
nostic factor and a therapeutic target in human clear cell RCC.

Materials and methods

Patients and tissue specimens. Tissue samples from 
286 patients with RCC were collected (36 patients succumbed 
to disease and 15 patients were lost to follow‑up, therefore a total 
of 51 patients were not evaluated in the survival analysis), and 
all of the tumor samples were diagnosed as conventional clear 
cell RCC. Neoplasms were surgically resected in the Depart-
ment of Urology, The Second Affiliated Hospital of Xi'an 
Jiaotong University (Xi'an, China) between January 2003 and 
May 2012. The study was approved by the Ethics Committee 
of The Second Affiliated Hospital of Xi'an Jiaotong Univer-
sity. The tumors were graded according to the criteria of the 
Fuhrman grading system of malignant tumors, and the clinical 
tumor stage was classified according to the tumor, node, 
metastasis classification system (25,26). RCC specimens and 
corresponding normal healthy kidney tissues located as far as 
possible from the tumor were obtained. The samples were then 
fixed in formalin, dehydrated and embedded in paraffin. All 
the RCC specimens were frozen in liquid nitrogen subsequent 
to surgical resection, and were maintained at ‑90˚C for protein 
and mRNA extraction.

Cell culture. A total of 4 RCC cell lines (ACHN, Caki‑1, Caki‑2 
and NC65) were obtained from the American Type Culture 
Collection (Manassas, VA, USA), and were cultured with 
complete medium composed of RPMI‑1640 medium (Gibco; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA), 2 mM 
L‑glutamine, 1% non‑essential amino acids, 25 mM HEPES, 
10% fetal bovine serum (FBS), 100  U/ml penicillin and 
100 µg/ml streptomycin (all purchased from Sigma‑Aldrich, 
St. Louis, MO, USA). All RCC cell lines were maintained as 
monolayers in 10‑cm plastic dishes and were incubated in a 
humidified atmosphere containing 5% CO2 at 37˚C.

Animal RCC xenograft experiments. A total of 30 BALB/c 
nude mice (age, 3‑4 weeks) were kept in specific pathogen‑free 
conditions at a temperature of 26‑28˚C and humidity of 
30‑40%. The light/dark cycle was 12 h, and food and water 
were supplied. The mice were randomly divided into the 
following two groups: TPX2 vector group and control group. 
The RCC cells (4x107) were seeded into the back region of 
each mouse via subcutaneous injection. All of the mice were 
observed, with observations recorded for 5 continuous weeks 
and the size of the xenograft measured once a week (calculated 
using the formula v = ab2π / 6, where a is the longest diameter 
and b is the longest diameter perpendicular to the tumor). At 
5 weeks post‑injection, all mice were sacrificed under deep 
anesthesia via intraperitoneal injection with pentobarbital 
sodium (80  mg/kg; Roche Diagnostics GmbH, Penzberg, 
Germany) and the final size of each xenograft was recorded.

Immunohistochemistry (IHC). Following the replacement 
of paraffin with xylene the tissue samples were rehydrated 
via a graded alcohol series (Sigma‑Aldrich). Endogenous 
peroxidase activity was quenched with 0.3% hydrogen peroxide 
(Sigma‑Aldrich) for 15 min, and the sections were blocked with 
5% bovine serum albumin (Sigma‑Aldrich) for 1 h. The sections 
were then incubated at 37˚C for 1 h with rabbit anti‑human TPX2 
polyclonal antibody (dilution, 1:1,000; catalog no. ab71816; 
Abcam, Cambridge, UK) diluted in phosphate‑buffered saline. 
Following incubation at 37˚C for 2 h with a biotinylated goat 
anti‑rabbit immunoglobulins polyclonal secondary antibody 
(dilution, 1:2,000; catalog no. E0432; Dako, Glostrup, Denmark), 
all sections were treated with an avidin‑biotin peroxidase 
complex (Dako). IHC staining was assessed, and the results 
were scored using a light microscope (BH‑2; Olympus Corpora-
tion, Tokyo, Japan). The intensity of TPX2 immunostaining was 
semi‑quantified using the following scale: ‑, negative; +, weak; 
++, moderate; and +++, strong staining.

Cell proliferation assay. Cell proliferation was analyzed using 
a WST‑1 assay, with 2x103 exponentially‑growing RCC cells 
seeded in a 96‑well microtiter plate. Following continuous 
incubation for 1, 2 and 3 days, 10 µl WST‑1 (Roche Diagnos-
tics GmbH) was added to each well and the incubation was 
continued for an additional 1 h. The absorbance, representing 
the RCC cell count in each well, was measured using a micro-
culture plate reader (NJ‑2000 Immunoreader; Intermed Japan 
Co., Ltd., Tokyo, Japan) at an optical density of 450 nm.

Invasion assay. RCC cells (2x104) were harvested and seeded 
in the upper chamber of a 24‑Multiwell BD FluoroBlok insert 
(8.0 µm pore size; BD Biosciences, Franklin Lakes, NJ, USA) 
with no‑FBS medium (Gibco; Thermo Fisher Scientific, Inc.). 
The chemotaxis gradient was performed using medium 
containing 10% FBS in the lower chamber. Following a 24‑h 
incubation, the RCC cells that had migrated to the lower 
chamber were stained with hematoxylin (Sigma‑Aldrich) and 
counted using ImageJ software version 1.45 (www.imagej.nih.
gov/ij; National Institutes of Health, Bethesda, MD, USA).

RNA isolation and reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR). RNA isolation was 
performed using TRIzol® reagent, according to the manufac-
turer's protocol (Invitrogen; Thermo Fisher Scientific, Inc.), 
and the total RNA was subjected to first‑strand cDNA 
synthesis (Promega Corporation, Madison, WI, USA). All 
reagents used were from the GoScript™ Reverse Transcription 
system (Promega Corporation, Madison, WI, USA) RT‑qPCR 
was performed using a Mastercycler® Nexus (Eppendorf, 
Hamburg, Germany) with an IQ™ SYBR® Green Supermix 
kit (Bio‑Rad Laboratories, Inc., Hercules, CA, USA). TPX2 
was amplified using the following primers: Forward, 5'‑AGG​
GGC​CCT​TTG​AAC​TCTTA‑3' and reverse, 5'‑TGC​TCT​AAA​
CAA​GCC​CCATT‑3'. GAPDH was used as an endogenous 
control with the following primers: Forward, 5'‑ATC​AAG​
AAG​GTG​GTG​AAG​CAGG‑3' and reverse, 5'‑GTG​GAG​GAG​
TGG​GTG​TCGC‑3'. PCR was performed under the following 
conditions: Initial denaturation was performed at 95˚C for 
5 min, followed by 35 cycles of 95˚C for 30 sec, 60˚C for 
30 sec, 72˚C for 1 min, followed by a final extension step at 
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72˚C for 10 min. The PCR products were quantified using the 
LightCycler® 480 Real‑Time PCR system (Roche Diagnostics 
GmbH) and TPX2 expression was normalized to GAPDH. 
Each RT‑qPCR experiment was repeated three times.

Western blotting. Protein was isolated using lysis buffer 
(Abcam), and the total protein concentration was evaluated 
using the Quick Start™ Bradford Protein assay (Bio‑Rad 
Laboratories, Inc.). Western blot analysis was performed by 
loading 50 µg protein onto an 8% sodium dodecyl sulfate 
polyacrylamide gel for electrophoresis. The polyvinylidene 
fluoride membranes were blocked with 0.5% bovine serum 
albumin, then incubated with the rabbit anti‑human TPX2 
polyclonal antibody (catalog no., ab71816; dilution, 1:1,000; 
Abcam) at 37˚C for 1 h; a mouse anti‑human β‑actin mono-
clonal antibody (mAb; catalog no. ab6276; dilution, 1:5,000; 
Abcam) was also used as a loading control. Other antibodies 
used for western blotting were purchased from Cell Signaling 
Technology,  Inc. (Danvers, MA, USA), as follows: Rabbit 
anti‑human Akt (pan) (catalog no. 4685)/phosphorylated‑Akt 
(p‑Akt; Ser473) monoclonal antibody (mAb; catalog no. 4060); 
rabbit anti‑human mTOR (catalog  no.  2983)/p‑mTOR 
(Ser2481) mAb (catalog no.  2974); and rabbit anti‑human 
p70S6K (catalog no. 2708)/p‑p70S6K (Thr421) rabbit mAb 
(catalog no. 9204). All antibodies were diluted at 1:2,000. The 
immune complexes were visualized using the Amersham ECL 
Prime Western Blotting Detection reagent (GE Healthcare 
Life Sciences, Chalfont, UK) and quantified using Image J 
software (online version; imagej.nih.gov/ij/; National Institutes 
of Health).

Small interfering RNA (siRNA) and transfection. siRNA 
oligonucleotide sequences for TPX2 were designed using 
siDirect software (www.sidirect2.rnai.jp). The sequences were 
as follows: Forward, 5'‑CCAUUAACCUGCCAGAGAAT‑3'; 
and reverse, 5'‑UUCUCUGGCAGGUUAAUGGT‑3'. The 
RCC cells were seeded into plastic culture dishes and incu-
bated with complete medium without antibiotics until the 
cells reached 40% confluence. The cells were transfected with 
siRNA oligonucleotides using Lipofectamine® 2000 (Invit-
rogen; Thermo Fisher Scientific, Inc.). Following continuous 
incubation at 37˚C for 2 days, TPX2 expression was analyzed 
by western blotting. The cDNA of TPX2 was cloned using 
the HK‑2 normal human kidney cell line as a substrate, and 
the PCR products were subcloned into the pcDEF3 vector 
(Sigma‑Aldrich). The RCC cell lines were stably trans-
fected using Lipofectamine 2000 with the expression vector 
containing full‑length TPX2 cDNA. The monoclonal cell line 
was selected using G418 (Sigma‑Aldrich) and TPX2 expres-
sion, and evaluated by western blotting.

Statistical analysis. SPSS software (version 19.0; IBM SPSS, 
Armonk, NY, USA) was used for statistical analysis. All data 
are expressed as the mean ± standard deviation. Comparisons 
between groups were made using Student's t‑test, and the 
χ2 test was used to analyze the association between TPX2 
expression and the clinicopathological parameters. A total of 
51 patients succumbed to the disease or were lost to follow 
up and thus survival could only be analyzed in 235 patients. 
Survival curves were estimated by Kaplan‑Meier analysis. All 

experiments were performed in triplicate, and a P<0.05 was 
considered to indicate a statistically significant difference.

Results

Patient characteristics. The study enrolled 192  males 
(61.1±16.3 years) and 94 females (62.5±17.4 years). The tumor 
diameter range was 3.8‑14.7 cm (median size, 6.9 cm). Tumor 
grading identified 124, 97 and 65 patients with Fuhrman 
grades 1, 2 and 3, respectively. Tumor staging identified 147, 
73, 51 and 25 patients with cancer stages I, II, III and IV, 
respectively. RCC was an incidental finding during routine 
examination in 209 patients. The presenting symptoms for RCC 
included flank pain (33 patients), a palpable mass (21 patients) 
and hematuria (21 patients). Laboratory examination detected 
an increased sedimentation rate in 42 patients, anemia in 
31 patients, thrombocytopenia in 14 patients and erythro-
cytosis in 7 patients. A total of 49 patients had one or more 
complicated diseases, including urolithiasis, angina pectoris, 
valvular heart disease and diabetes mellitus. In addition, 
10 patients had previously undergone radical nephrectomies 
and 25 patients had metastatic disease at the time of diagnosis.

TPX2 protein expression in RCC tissue. TPX2 protein expres-
sion was examined in the human RCC and normal kidney tissue 
samples by IHC and RT‑qPCR. Generally, it was observed that 
TPX2 was overexpressed in the RCC tissues when compared 
with the corresponding normal kidney tissues. TPX2 expres-
sion was detected in 262/286 patients with RCC (91.6%). By 
contrast, TPX2 expression was detected in 130/286 normal 
kidney tissues (36.3%). Regarding the association between 
TPX2 expression and clinicopathological parameters in RCC, 
χ2 testing determined that TPX2 expression was significantly 
increased in advanced tumor stages, higher histological grades 
and tumors >7 cm in size (P<0.05). None of the other param-
eters, including gender and age, demonstrated a significant 
association with TPX2 expression (Table I). RT‑qPCR was 
also used to assess TPX2 expression in the human RCC and 
normal kidney tissues. The relative level of TPX2 expression 
was determined with reference to GAPDH. TPX2 was signifi-
cantly overexpressed in the RCC tissues when compared with 
the corresponding normal kidney tissues. Similar expression 
levels were detected by IHC (Table I). These findings suggest 
that TPX2 may function in the carcinogenesis and progression 
of human RCC.

TPX2 increases the proliferation of RCC cells. TPX2 expres-
sion was increased using an expression vector containing 
full‑length TPX2 cDNA. The vector was stably transfected into 
the ACHN, Caki‑1, Caki‑2 and NC65 cell lines. TPX2 expres-
sion was also decreased using siRNA. Following transfection, 
all experiments were evaluated by western blotting. It was 
observed that TPX2 expression was markedly upregulated by 
the TPX2 vector and downregulated by the siRNA compared 
with the control (Fig. 1A). The effect of TPX2 expression on the 
proliferation of the RCC cells in vitro was investigated using 
a WST‑1 assay, which indicated that the RCC cells expressing 
high levels of TPX2 had markedly increased proliferation when 
compared with the untreated control cells. The RCC cells with 
low TPX2 expression had a significantly reduced proliferative 
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ability (Fig. 1B; P<0.05). Similar results were confirmed by the 
animal xenograft model (P<0.05; Fig. 1C; P<0.05).

TPX2 increases the invasion of RCC cells. The effects of 
TPX2 on the invasion of the RCC cells was also evaluated. 
As presented in Fig. 2, the RCC cells with high TPX2 expres-
sion exhibited a higher level of invasion when compared with 
the untreated cells (P<0.05). By contrast, the RCC cells with 

low TPX2 expression had a markedly reduced invasive ability 
compared with the untreated controls (P<0.05). These results 
indicate that TPX2 enhances the invasion of the RCC cells and 
that TPX2 may serve a crucial role in RCC progression.

TPX2 increases phosphoinositide  3‑kinase (PI3K)/mTOR 
activity in RCC cells. To clarify how the Akt/mTOR pathway 
is involved in TPX2‑induced proliferation and invasion, phos-
phorylation of the Akt/mTOR pathway was analyzed. TPX2 
expression was upregulated by transfection with the pcDEF3 
vector containing the full length TPX2 cDNA, and TPX2 
expression was downregulated using siRNA. In the ACHN 
and NC65 cell lines, despite TPX2 expression having no affect 
on the expression of the Akt and mTOR/p70S6K proteins, the 
increased expression of TPX2 upregulated the phosphoryla-
tion of Akt and mTOR/p70S6K compared with the control, as 
observed by western blotting. By contrast, decreased expres-
sion of TPX2 downregulated the phosphorylation of Akt and 
mTOR/p70S6K compared with the control (Fig. 3). These 
findings indicate that the Akt/mTOR pathway is regulated by 
TPX2, and may therefore serve a key role in TPX2‑induced 
proliferation and invasion of RCC cells.

Prognostic significance of TPX2 expression. As a correlation 
was identified between TPX2 expression, and RCC stage and 

Figure 2. Effect of TPX2 expression on the invasive ability of human renal 
cell carcinoma cells. si,  small interfering; TPX2,  targeting protein for 
Xenopus kinesin‑like protein 2.

  A   B

  C

Figure 1. Effect of TPX2 on the proliferation of the renal cell carcinoma (RCC) cells. The expression vector for TPX2 or siRNA oligonucleotide were 
transfected into the four RCC cell lines. (A) Transfection was evaluated by western blotting; (B) proliferative ability of the RCC cells was analyzed by WST‑1 
assay; and (C) tumor growth was evaluated in an animal xenograft model. Cont, control; si, small interfering; TPX2, targeting protein for Xenopus kinesin‑like 
protein 2; wk/s, week/s.
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grade, it was then investigated whether or not TPX2 func-
tions as a prognostic factor in human RCC. Kaplan‑Meier 
analysis was performed to calculate the correlation between 

TPX2 expression and the survival time of patients with RCC 
(Fig. 4). A total of 19 patients succumbed to a myocardial 
infarction, 17 patients succumbed to disseminated malignant 

Figure 4. Kaplan‑Meier analysis investigating the correlation between TPX2 
expression and overall survival time of patients with human renal cell car-
cinoma. (RCC). High TPX2 expression was associated with poor prognosis 
and TPX2 expression was an independent factor for predicting the prognosis 
of human RCC. TPX2, targeting protein for Xenopus kinesin‑like protein 2. 

Figure 3. Western blot analysis demonstrating that TPX2 increased the 
activity of the Akt/mTOR pathway in renal cell carcinoma (RCC) cells. In 
the ACHN and NC65 cell lines, although TPX2 did not affect the protein 
expression of Akt and mTOR/p70S6K, high expression of TPX2 increased 
the phosphorylation of the components in the Akt/mTOR pathway. TPX2, 
targeting protein for Xenopus kinesin‑like protein 2; si, small interfering; p‑, 
phosphorylated; mTOR, mammalian target of rapamycin.

Table I. Characteristics of 286 patients with RCC, including TPX2 expression detected by reverse transcription‑quantitative 
polymerase chain reaction and immunohistochemistry.

	 TPX2 protein expression, n
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristic	 Patients, n	 TPX2 mRNA expressiona	 P‑value	 ‑	 +	 ++	 +++	 P‑value

RCC	 286	 3.31±0.34		    24	 61	 112	 89	
Healthy kidney	 286	 0.89±0.15	 <0.05	 156	 97	   33	   0	 <0.05
Gender								      
  Male	 192	 3.34±0.35		    16	 42	   74	 60	
  Female	   94	 3.23±0.39	 >0.05	     8	 19	   38	 29	 >0.05
Age, years								      
  <60	 159	 3.34±0.33		    13	 34	   62	 50	
  ≥60	 127	 3.26±0.44	 >0.05	   11	 27	   50	 39	 >0.05
Tumor diameter, cm						       		
  ≤7	 147	 2.59±0.21		    18	 53	   50	 26	
  >7	 139	 4.06±0.32	 <0.05	     6	   8	   62	 63	 <0.05
Histological grade								      
  G1	 124	 2.31±0.15		    21	 42	   59	   2	
  G2	   97	 3.45±0.37		      3	 17	   35	 42	
  G3	   65	 4.98±0.46	 <0.05	     0	   2	   18	 45	 <0.05
Clinical stage								      
  Ⅰ	 147	 2.59±0.21		    18	 53	   50	 26	
  Ⅱ	   73	 3.43±0.22		      6	   7	   38	 22	
  Ⅲ	   41	 4.34±0.37		      0	   1	   17	 23	
  Ⅳ	   25	 5.44±0.48	 <0.05	     0	   0	     7	 18	 <0.05

aData are presented as mean ± standard deviation. ‑, negative; +, weak; ++, moderate; and +++, strong TPX2 protein expression. RCC, renal 
cell carcinoma; TPX2, targeting protein for Xenopus kinesin‑like protein 2.
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disease and 15 patients were lost to follow‑up. The results 
also demonstrated that the survival time was significantly 
different between the high and the low TPX2 expression 
group (P<0.01 for time points from 2‑6 years). After 6 years of 
follow‑up, 36/56 patients (64.3%) who had low TPX2 expres-
sion (IHC, ‑ and +), were alive and disease‑free compared 
with 45/179  patients (25.1%) with high TPX2 expression 
(IHC, ++ and +++; Fig. 4). These results indicate that TPX2 
may function as an independent factor in predicting the prog-
nosis of human RCC.

Discussion

TPX2 was initially reported to be a Xenopus microtu-
bule‑associated protein (27). TPX2 is a cell cycle protein and 
serves a key role in the stability of the mitotic spindle (18). As 
a microtubule‑associated protein, TPX2 tightly adheres to the 
mitotic spindle in mitotic cells (28). In certain tumors, over-
expression of TPX2 results in centrosome amplification and 
heteroploidy formation (29,30). TPX2 has been demonstrated 
to be upregulated in salivary gland carcinoma, lung carcinoma 
and ovarian cancer, with its abnormal expression involved in 
tumorigenesis and malignant progression (15,16,31). Further-
more, overexpression of TPX2 can suppress the completion 
of mitosis and disturb the physiological activation of its own 
channels (32).

Matrix metalloproteases (MMPs) are known to degrade the 
components of the extracellular matrix, and are also particu-
larly important for tumor invasion and metastasis  (33). A 
previous study reported that TPX2 upregulates MMP levels by 
activating Akt signaling in colon cancer (20). Akt is a promi-
nent serine/threonine kinase that affects important cellular 
processes by regulating its downstream effectors  (34,35); 
however, it remains unclear whether high levels of TPX2 
expression enhances the proliferation and invasion of RCC 
cells by activating Akt signaling. Recently, gene target therapy 
has been the primary focus of research in the treatment of 
malignant tumors (36,37). Thus, the investigation of novel 
gene therapy methods for RCC is important.

In the current study, the expression of TPX2 in human RCC 
tissue was analyzed. The IHC results indicated that TPX2 
expression was significantly upregulated in the RCC tissues 
compared with the normal kidney tissues. Furthermore, TPX2 
expression was significantly associated with clinical stage, 
histological grade and tumor volume. In addition, the expres-
sion of TPX2 in the RCC tissues was examined by RT‑qPCR; 
this demonstrated consistent data to that produced by IHC, 
suggesting that TPX2 serves an important role in tumorigen-
esis and is a key gene in the progression of RCC. The effect of 
TPX2 on the proliferation and invasion of the RCC cells was 
also evaluated. The results indicated that TPX2 significantly 
increased the proliferative ability of the RCC cells in vitro. The 
same results were observed in vivo in the animal xenograft 
model with BALB/c nude mice. Additionally, high expression 
levels of TPX2 significantly increased the invasive ability of 
the RCC cells.

A previous study by Engelman et al  (38) reported that 
TPX2 can stimulate Akt signaling. Akt is a target protein 
of PI3K and phosphorylates several downstream mediators 
to enhance cell proliferation and survival (38). Akt activity 

can also regulate the phosphorylation of mTOR. It has been 
reported that p‑mTOR and p‑S6 are strongly coexpressed in 
RCC (39), and that p‑mTOR increases the phosphorylation of 
p70S6K/S6, subsequently enhancing cell proliferation (40). An 
inhibitor of mTOR has been regarded as a novel therapeutic 
target for advanced RCC (41,42). Despite the present study 
investigating TPX2 expression and its functions in RCC, the 
underlying molecular mechanism of TPX2 in RCC remains 
unclear. The results of the present study indicated that despite 
TPX2 not altering the protein expression of components in the 
Akt/mTOR pathway, TPX2 increased the phosphorylation of 
Akt/mTOR/p70S6K in the RCC cells. These findings suggest 
that the Akt/mTOR pathway is a potential target of TPX2, and 
serves a key role in TPX2‑induced proliferation and invasion 
of RCC cells.

In the current study, the association between TPX2 expres-
sion and the survival time of patients with RCC was evaluated 
by Kaplan‑Meier analysis. The results demonstrated that low 
TPX2 expression may be regarded as a valuable indicator of 
positive prognosis. Thus, TPX2 may function as an indepen-
dent factor for predicting prognosis, aiding the follow‑up of 
patients with RCC. TPX2 serves an important function in 
tumorigenesis of the kidney and the overexpression of TPX2 
can promote the progression of RCC. Thus, it is possible that 
patients with RCC exhibiting high TPX2 expression may be 
vulnerable to RCC morbidities, with TPX2 serving as a prog-
nostic factor. However, further investigation of the detailed 
TPX2 molecular mechanisms underlying human RCC should 
be performed.

In conclusion, the present study demonstrated that TPX2 
is overexpressed in human RCC tissue, and can increase 
the proliferation and invasion of RCC cells. This indicates 
that TPX2 has an important function in the tumorigenesis 
and progression of human RCC, with the silencing of TPX2 
expression possibly serving as a novel treatment strategy in 
the future.
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