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Abstract: Objective: To investigate the expression and clinical significance of TRAP1 (tumor necrosis factor receptorassociated protein 1) in kidney cancer. Methods: TRAP1 expression was detected in kidney cancer and normal
kidney tissues by qRT-PCR and immunohistochemistry (IHC), respectively. Then, the correlation of TRAP1 expression
with clinicopathological characters and patients’ prognosis was evaluated in kidney cancer. Results: IHC results
revealed that the high-expression rates of TRAP1 in kidney cancer tissues and normal kidney tissues were 51.3%
(41/80), 23.3% (7/30), and the difference was statistically significant (P=0.01). Also, TRAP1 mRNA level in kidney
cancer was found to be significantly greater compared with those in normal kidney by qRT-PCR. In addition, TRAP1
expression in kidney cancer significantly correlated with lymph node metastasis and clinical stage (P<0.05). KaplanMeier survival analysis indicated that the mean survival time of patients with TRAP1 low-expression was significantly higher (56 months) than those patients with TRAP1 high-expression (47 months). Meanwhile, Kaplan-Meier and
Cox survival analysis indicated that TRAP1, lymph node metastasis and clinical stage were correlated with patients’
prognosis. Conclusion: TRAP1 is highly expressed in kidney cancer and correlates with patients prognosis, which
may be served as a potential marker for the diagnosis and treatment of kidney cancer.
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Introduction
TRAP1, a member of heat shock protein 90
(HSP90) family, is reported to be involved in
stress protection and apoptosis [1, 2]. Primary
studies demonstrated that TRAP1 was mainly
located in mitochondria and abundantly presented in the matrix [3, 4], which might play
important roles in regulating mitochondrial protein homeostasis [5, 6]. Recently, TRAP1 is
found to be correlated with Parkinson’s disease
by protecting against mitochondrial dysfunction [7]. Moreover, TRAP1 mRNA is variably
expressed in normal human tissues, such as
pancreas, breast, colon and kidney tissues [8].
TRAP1 is selectively upregulated in some malignancies and implicated in tumor occurrence
and progression [9-12]. However, the relationship between TRAP1 expression and kidney
cancer has never been reported.
In this study, we investigated the expression of
TRAP1 in normal kidney and kidney cancer tissues, and evaluated the correlation of TRAP1

expression with clinicopathological characters
and patients’ prognosis in kidney cancer.
Materials and methods
Patients
Eighty cases of kidney cancer tissues and thirty
cases of normal kidney tissues were obtained
from the Department of Urology, Guangdong
No. 2 Provincial People’s Hospital, during the
year of 2012-2014. All patients aged from 46 to
72 years (Mean: 58 years) did not underwent
radiotherapy or chemotherapy before surgery
resection. Clinicopathological characters including histological type, lymph node metastasis,
tumor size, tumor location, smoke history and
clinical stage were evaluated in this study.
Histological diagnosis was confirmed independently by three pathologists in a double-blinded
manner. The complete data about 80 cases of
kidney cancer was obtained by hospitalized
records and telephone inquiries. Postoperative
survival time ranged from 10 to 65 months
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Figure 1. The expression of TRAP1 in normal kidney and kidney cancer tissues (40×). A: Low-expression of
TRAP1 in normal kidney tissues. B: High-expression of TRAP1 in normal kidney tissues. C: Low-expression of
TRAP1 in kidney cancer tissues. D: High-expression of TRAP1 in kidney cancer tissues.

Table 1. The expression of TRAP1 in normal kidney and kidney cancer tissues
Low-ex- High-exP value
pression pression
Normal kidney tissue 30
23
7
0.01
Kidney cancer tissue 80
39
41
Types

N

study was supported by the Ethnics Committee of Guangdong No. 2 Provincial People’s
Hospital.
Immunohistochemical staining

(mean 41 months). All patients signed informed
consent and permitted to use samples. This

All samples were fixed with 10% formalin,
embedded in paraffin, and cut consecutively at
3 μm. Sections were dewaxed in xylene and
graded ethanols. Antigen retrieval was performed by 0.01 M sodium citrate buffer (pH
6.0). Non-specific binding was blocked by 3%
hydrogen peroxide and 4% bovine serum. Monoclonal antibody-TRAP1 (dilution 1:100; Santa
Cruz, CA) was incubated for 2 h at room temperature. Negative controls were performed by
fetal bovine serum (FBS) to substitute the primary antibody. Positive controls were performed by the sections with confirmed positive
expression of TRAP1. Secondary biotinylated
antibody (Jingqiao, Beijing, China) was incubated for 30 min at room temperature. Then, sections were developed by diaminobenzidine
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Figure 2. TRAP1 expression in normal kidney and
kidney cancer tissues was detected by qRT-PCR.
*
P<0.05.
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Table 2. Correlation between TRAP1 expression
and clinicopathological characters in Kidney
cancer
Clinicopathological
characters
Age (Years)
<58
≥58
Gender
Male
Female
Smoke history
Positive
Negative
Histological type
Clear cell type
Papillary cell type
Granule cell type
Tumor location
Left
Right
Tumor size (cm)
≤5
>5
Lymph node metastasis
Positive
Negative
Clinical stage
I-II
III-IV

N

Low-ex- High-exP
pression pression value

46
34

23
16

23
18

0.824

54
26

30
9

24
17

0.098

35
45

20
19

15
26

0.083

68
5
7

34
2
3

34
3
4

44
36

25
14

19
22

0.123

52
28

28
11

24
17

0.247

25
55

7
32

18
23

0.016

37
43

26
13

11
30

0.001

0.864

Immunostaining evaluation
The sections were assessed by two observers independently in a double-blinded manner.
TRAP1 expression was analyzed by semi-quantitative method. Briefly, the percentage of positive cells was scored as follows: 0, <5%; 1,
6%-25%; 2, 26%-50%; 3, >50%. The intensity of
positive cells was recorded as 0 (no staining), 1
(weak staining), 2 (moderate staining), and 3
(strong staining). The sections with intensity
score of 2 and >50% of positive cells were
regarded as high-expression (or over-expression), and others were regarded as low-expression. The discrepancies would be reevaluated
together and reached a consensus.
Quantitative reverse transcription PCR (qRTPCR)
Total RNA was obtained from frozen tissues by
Trizol reagent (TAKARA, Japan) and reversely
transcribed into cDNA by using Reverse Transcription System (TAKARA, Japanese). The
PCR analysis of TRAP1 gene expression was
performed by using the SYBR Green RT-PCR Kit
(TAKARA, Japanese). The primer sequences of
TRAP1 were (F) 5’-GACGCACCGCTCAACAT-3’
and (R): 5’-CACATCAAACATGGACGGTTT-3’. GAPDH was used as internal control and its primer sequences of were (F) 5’-AGGTCGGTGTGAACGGATTTG-3’ and (R) 5’-TGTAGACCATGTAGTTGAGGTCA-3’. All primers were purified and
synthesized by the Huada company (HuaDa,
Shenzhen, China). Real-time PCR cycle conditions were one cycles of 95°C for 30 s, followed
by 40 cycles of 95°C for 5 s and 60°C for 34 s.
Statistical analysis
All data were analyzed by SPSS 19.0 (SPSS,
Chicago, IL, USA). The difference of TRAP1
mRNA expression in normal and tumor tissues
was analyzed by independent samples t test.
The correlation between TRAP1 expression and
clinicopathological characters was performed
by Chi-square test (χ2-Test). Survival analysis
was performed using the Kaplan-Meier method
and Cox’s proportional hazards model. Statistical significance was defined as a P-value of
<0.05 in two-sided test.

Figure 3. Kaplan-Meier analysis indicated TRAP1
expression correlates with patients’ prognosis in
kidney cancer.

Results

(Jingqiao, Beijing, China), and stained with
haematoxylin.

TRAP1 expression in normal kidney and kidney
cancer tissues was detected by immunochem-
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Expression of TRAP1 in normal kidney and
kidney cancer tissues
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Table 3. Kaplan-Meier analysis of prognostic factors
in Kidney cancer
Variables
TRAP1 expression
Low-expression
High-expression
Age (Years)
<58
≥58
Gender
Male
Female
Smoke history
Positive
Negative
Histological type
Clear cell type
Papillary cell type
Granule cell type
Tumor location
Left
Right
Tumor size (cm)
≤5
>5
Lymph node metastasis
Positive
Negative
Clinical stage
I-II
III-IV

N

Median survival time
P value
(95% CI) (months)

39
41

56 (52-60)
47 (41-53)

0.035

46
34

53 (48-58)
51 (46-56)

0.276

54
26

53 (49-57)
48 (41-55)

0.25

35
45

55 (51-59)
48 (42-54)

0.107

68
5
7

52 (48-56)
55 (44-66)
44 (33-55)

0.326

44
36

54 (49-59)
49 (43-55)
51 (47-55)
52 (46-58)

0.141

57 (53-61)
41 (34-48)

0.000

58 (51-65)
48 (42-54)

0.013

52
28
25
55
37
43

0.94

Table 4. Cox regression analysis of prognostic factors in kidney cancer
Hazard
95% CI
P value
radio
TRAP1 expression
4.039 0.941-10.477 0.044
Lymph node metastasis 6.611 1.872-105.038 0.04
Clinical stage
2.564 0.755-16.374 0.049
Variables

istry (IHC). IHC results showed that positive
TRAP1 expression was located in the cytoplasm
as orange or brown staining, as showed in
Figure 1. The high-expression rates of TRAP1 in
normal kidney tissues and kidney cancer tissues were 51.3% (41/80) and 23.3% (7/30),
respectively, and the difference was statistically significant (Table 1, P=0.01). In addition,
in order to validate the expression of TRAP1, we
13093

measured TRAP1 mRNA level in five cases of
kidney cancer and matched normal kidney
tissues by qRT-PCR. The results revealed
that TRAP1 mRNA levels in kidney cancer tissues were significantly greater compared
with those in normal kidney tissues (Figure
2, P<0.05).
Association of TRAP1 expression with
clinicopathological characters and patients’
prognosis in kidney cancer
Then, we evaluated the correlation between
TRAP1 expression and clinicopathological
characters in kidney cancer (Table 2). The
results exhibited that TRAP1 expression was
significantly associated with lymph node metastasis and clinical stage (P<0.05). TRAP1
expression was significantly elevated in
patients with lymph node metastasis in comparison with those without lymph node
metastasis (P=0.016). Also, significant highexpression of TRAP1 was found in patients
with histological grade stage II-III and clinical
stages III-IV (P=0.001). But no significant
association between TRAP1 expression and
age, histological type, tumor size, tumor location and smoke history was found (P>0.05).
In addition, Kaplan-Meier survival analysis
showed that patients with TRAP1 high-expression had poorer prognosis compared
with those with TRAP1 low-expression (Figure
3). The median survival time of patients with TRAP1 high-expression was 47 months,
which was significantly lower in comparison
with that those with TRAP1 low-expression
(56 months). Meanwhile, Kaplan-Meier survival analysis showed that patients’ prognosis was correlated with lymph node metastasis and clinical stage, but not with age,
histological type, tumor size, tumor location
and smoke history (Table 3). Cox proportional hazards regression analysis indicated
TRAP1 expression, lymph node metastasis
and clinical stage could be served as independent prognostic factors in kidney cancer
(Table 4).
Discussion
TRAP1 is originally described as a protein
responsible for maintaining mitochondrial
integrity and suppressing cell apoptosis [13].
Recent observations demonstrate that TRAP1
expression may be correlated with tumor occurInt J Clin Exp Pathol 2015;8(10):13090-13095
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rence and progression. Costantino et al. reported that TRAP1 expression was contributed to
multi-drug resistance and suppressing apoptosis in human colorectal carcinoma cells [14].
Chen et al. reported that TRAP1 expression
was elevated in ulcerative colitis associated
colorectal cancer [15]. Han et al. reported that
patients with positive TRAP1 expression had
poorer prognosis [16]. In addition, Agorreta et
al. reported that TRAP1 expression in lung cancer tissues was increased in comparison with
those in normal lung tissues and predicted
poorer outcome [17]. Li et al. Reported that
TRAP1 expression in glioma tissue was increased compared with those in normal brain
tissue, and also associated with patients’ prognosis [18]. However, whether TRAP1 expression correlates with kidney cancer remains
unclear.
In present study, it is the first to evaluate the
expression of TRAP1 in kidney cancer. The IHC
results exhibited that positive TRAP1 expression was not only observed in tumor tissues but
also in normal tissues. However, the highexpression rate of TRAP1 in kidney cancer tissues was markedly higher than those in normal
kidney tissues. Meanwhile, significant increase
of TRAP1 mRNA level was recorded in kidney
cancer tissues compared with those in normal
kidney tissues. Thus, these observations indicated that TRAP1 high-expression might be
contributed to the occurrence of kidney cancer.
Moreover, TRAP1 mutations were found to be
highly linked to congenital abnormalities of the
kidney and urinary tract, and might be related
to Leigh syndrome [19, 20]. TRAP1 up-regulation was implicated in the progression of lupus
nephritis [21].
In addition, we analyzed the correlation of
TRAP1 expression with clinicopathological characters and patients’ prognosis in kidney cancer. The results revealed that TRAP1 expression was significantly correlated with lymph
node metastasis, which was consistent with
the observation in esophageal squamous cell
cancer [22]. Also, it is reported that TRAP1 was
involved in cell adhesion, motility, invasion and
metastasis [23]. Meanwhile, our results also
demonstrated that TRAP1 expression was significantly connected with clinical stage and histological grade in kidney cancer. Moreover,
Kaplan-Meier and Cox survival analysis indicated that TRAP1 was associated with the prognosis. Patients with TRAP1 high-expression pre13094

sented poorer prognosis compared with those
TRAP1 low-expression. Thus, these observations suggested that TRAP1 played an important role in the progression of kidney cancer,
which further supported the notion that TRAP1
could be a molecular predictive marker for
prognosis in malignancies [16-18].
In conclusions, this study demonstrates that
TRAP1 is highly expressed in kidney cancer and
correlates with clinical pathological characters
and patients’ prognosis, which may be a useful
molecular target for the diagnosis and immunotherapy. Of course, further studies are necessary to validate our findings.
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