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Abstract

AIM: To evaluate the effect of mitochondrial tumor ne-
crosis factor receptor-associated protein-1 (TRAP-1) on
the lymph node metastasis (LNM) in Chinese colorectal
cancer (CRC) patients, and develop potential LNM-
associated biomarkers for CRC using quantitative real-
time polymerase chain reaction (RT-PCR) analysis.

METHODS: Differences in mitochondrial TRAP-1 gene
expression between primary CRC with LNM (LNM CRC)
and without LNM (non-LNM CRC) were assessed in 96
Chinese colorectal carcinoma samples using quantita-
tive RT-PCR analysis, Western blotting, and confirmed
with immunohistochemical assay. The relationship
between clinicopathological parameters and potential
diagnostic biomarkers was also examined.
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RESULTS: TRAP-1 was significantly upregulated in
LNM CRC compared with non-LNM CRC, which was
confirmed by RT-PCR, Western blotting and immuno-
histochemical assay. The expression of TRAP-1 in two
different metastatic potential human colorectal cancer
cell lines, LoVo and HT29, was analyzed with Western
blotting. The expression level of TRAP-1 was dramati-
cally higher in LoVo than in HT29. Overexpression of
TRAP-1 was significantly associated with LNM (90.2%
in LNM group vs 22% in non-LNM group, P < 0.001),
the advanced tumor node metastasis stage (89.1% in
LNM group vs 26.9% in non-LNM group, P < 0.001),
the increased 5-year recurrence rate (82.7% in LNM
group vs 22.6% in non-LNM group, P < 0.001) and the
decreased 5-year overall survival rate (48.4% in LNM vs
83.2% in non-LNM group, P < 0.001). Univariate and
multivariate analyses indicated that TRAP-1 expression
was an independent prognostic factor for recurrence
and survival of CRC patients (Hazard ratio of 2.445 in
recurrence, P = 0.017; 2.867 in survival, P = 0.028).

CONCLUSION: Mitochondria TRAP-1 affects the lymph
node metastasis in CRC, and may be a potential bio-
marker for LNM and a prognostic factor in CRC. Over-
expression of TRAP-1 is a predictive factor for the poor
outcome of colorectal cancer patients.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Invasion into adjacent tissues and metastasis to distant
sites are major features of malignant cancer cells, which
are complex processes that require a coordinated action
of a large assortment of growth factors and their recep-
tors, as well as downstream signaling intermediates'".
Colorectal cancer (CRC) is the thitrd most common can-
cer in both men and women and the second most com-
mon cause of cancer-related death®”. CRC frequently
migrates through the lymphatic route, depositing tumor
cells into local lymph nodes, namely lymph node metas-
tasis (LNM). The status of the local lymph nodes delivers
crucial information concerning cancer staging, prognosis,
and clinical decision making, The existence of LNM no-
tably reduces the chance of CRC survivals®.

Unfortunately, the mechanisms related to LNM re-
main pootly understood at present because LNM is a
complicated process that involves cancer cell detachment
from the primary tumor, migration, invasion, adhesion
and implantation in the new environment. A variety of
dystregulated molecules play a significant role in this high-
ly sophisticated processH’SJ. Therefore, LNM has become
a focus of cancer studies.

Clinicopathological features such as poor differentia-
tion, depth of wall penetration, lymphovasculat invasion,
and tumor size are considered to be associated with CRC
with LNM (LNM CRC)"".

Proper staging is important for choosing the right
treatment for a patient: the most useful staging system is
the tumor node metastasis (INM) system established col-
laboratively by the American Joint Committee on Cancer
and the International Union for Cancer Control™.

However, these characteristics are still insufficient to
predict the existence of LNM. In order to improve the
diagnosis and prognosis of CRC, there is an urgent need
to identify specific tumor molecular markers to recognize
patients with LNM, which can define a subset of CRC
patients who could benefit from rational management.

Heat shock protein 90 (Hsp90) is an abundant mo-
lecular chaperone that is further overexpressed or acti-
vated in cancer cells, suggesting that it could be a crucial
regulator of growth and/or sutrvival of tumor cells™".
Recent data have shown that Hsp90 family may function
as novel regulators of mitochondrial permeability transi-
tion, especially in tumor cells"""”. Inhibitors of Hsp90
have been studied for the treatment of cancer, and a
small molecule Hsp90 antagonist derived from geldana-
mycin (GA), i.e., 17-allylamino-demethoxygeldanamycin
(17-AAG), has entered clinical testing in cancer patients,
but progress has been questionable, and the response to
this agent proved difficult to interpret[14’15j. This reflected
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a modest anticancer activity that was inconsistent with a
predicted essential role of Hsp90 in tumor maintenance,
paradoxical activation of oncogenic kinases, induction of
anti-apoptotic mechanisms, and increased metastatic dis-
semination”.

Accordingly, Hsp90 and its ortholog, and tumor ne-
crosis factor receptor-associated protein-1 (TRAP-1) are
abundantly localized to the mitochondria of tumor, but
not present in most of the normal cells. Mitochondria
play a critical role in cell survival and cell death!”. Con-
sistent with a general role of Hsp90 as a drug target in
colorectal cancer, the mitochondria-compartmentalized
cytoprotective pathway could provide a novel therapeutic
target to enhance tumor cell apoptosis' .

TRAP-1 associated with cancer has been reported
recently in several studies, especially in metastasis of
cancer cells"** but there were a limited number of
studies on the association of TRAP-1 with metastasis in
Chinese CRC patients. In this study, we employed quan-
titative real-time polymerase chain reaction (RT-PCR) to
analyze the expression of mitochondrial TRAP-1 in the
groups of LNM CRC and non-LNM CRC. We studied
the correlation between expression of TRAP-1 in LNM
CRC and non-LNM CRC with quantitative RT-PCR and
Western blotting. Confirmed with immunohistochemi-
cal (IHC) study, we also investigated the relationship
between TRAP-1 expression and lymph node metastatic
phenotype of CRC, and determined the prognostic value
on the metastasis in Chinese CRC cases.

MATERIALS AND METHODS

Patient population and characteristics of tissue samples
A total of 96 Chinese colorectal carcinoma samples were
collected in our hospital (Fudan University Shanghai
Cancer Center, Shanghai, China) after informed consent
was obtained from the patients. None of the patients
received chemotherapy or radiotherapy before surgery.
Resected specimens were reviewed by two senior pathol-
ogists according to the criteria described in the American
Joint Committee on Cancer: Cancer Staging Manual (7th
edition, 2009)™. The number of lymph nodes retrieved
was not less than 12 in the non-LNM CRC. None of
them had distant metastasis. The fresh colorectal tumor
tissues were obtained immediately after surgery, washed
twice with chilled phosphate buffered saline, immediately
stored in liquid nitrogen at -80 ‘C in our tissue bank until
further use. This study was approved by the Cancer Cen-
ter Research Ethics Committee of Fudan University.

Cell lines and culture

For detection of the expression of TRAP-1 in different
metastatic potential human colorectal cancer cells, we
chose two human colorectal cancer cell lines, L.oVo and
HT29 in the experiment, to make sure if the TRAP-1
expressed differently in different metastatic potential hu-
man colorectal cancer cell lines. The cell line HT29 was
cultured in McCoy 5a medium containing 5% fetal bovine
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Figure 1 Confirmation of the overexpression of tumor necrosis factor receptor-associated protein-1 in colorectal cancer. A: Western blotting analysis for
tumor necrosis factor receptor-associated protein-1 (TRAP-1) expression in different metastatic potential LoVo cell and HT29 cell. B-actin was used as the internal
loading control. The histogram shows the relative expression levels of TRAP-1 in LoVo and HT29 cell; B: Western blotting analysis for TRAP-1 expression in non-
lymph node metastasis (LNM) and LNM groups. Data represent the mean £ SE (P < 0.001, Student t test); C, D: mRNA level of TRAP-1 via quantitative real-time
polymerase chain reaction. TRAP-1 was consistently increased in the LNM group compared with non-LNM group. The mRNA level was normalized to that of B-actin.
Data represent the mean + SE (P < 0.001, Student ¢ test); E: Immunohistochemical labeling for the TRAP-1 in the CRC sample. TRAP-1 was identified in non-LNM

cancer tissues (weak in middle) and strong staining in LNM cancer group (right), but was rare in normal mucosa (left).

serum (FBS). LoVo cells were cultured in F-12K medium
containing 10% FBS. All the cell lines were maintained at
37°C in 95% air and 5% COa.

RNA isolation and reverse transcription

Total RNA was isolated from the human tissue or cul-
tured colon cancer cell lines using the TRizol according to
manufacturer’s instructions (Invitrogen). After the RNA
concentration measurement and the integrity of the iso-
lated RNA analysis, 1 pg of RNA was reverse-transcribed
into cDNA according to the manufacturer’s protocol

(Promega).

Quantitative RT-PCR

Quantitative RT-PCR was analyzed using SYBR Green
Supermix (Promega). For PCR, 10 ng of the RT reac-
tion was used for a 25-pl. reaction using the ABI Prism
7700 sequence detector system (Applied Biosystems,
Branchburg, NJ, United States). Target genes wete not-
malized to B-actin and quantified using the comparative
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Ct method”". TRAP-1 expression levels were measured
in triplicate, with a good reproducibility, and the average
was calculated.

[B-actin was applied as an internal control. The prim-
ers for B-actin (205 bp) were 5--TGACGTGGACATCC-
GCAAAG-3’ (sense) and 5-CTGGAAGGTGGAC
AGCGAGG-3’ (antisense). The primers for TRAP-1 (185
bp) were 5’-ATGGTGG CTGACAGAGTGGAGG-3’
(sense) and 5-GCAGTCGGATTTCAGGTGGA TG-3’

(antisense).

Western blotting

Briefly, 30-ug protein samples from each case were sepa-
rated by 10% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis and subsequently transferred to polyvi-
nylidene fluoride membranes. The membranes were in-
cubated with rabbit polyclonal antibody against TRAP-1
(1:1000 dilution; Abcam, Cambridge, United Kingdom)
and then incubated with a horseradish-peroxidase-con-
jugated secondary antibody (1:100 dilution; Proteintech,
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Clinicopathological factors n TRAP-1 expression P value'
Negative Positive

Sex
Male 46 16 30 0.225
Female 50 23 30

Age (yr)
< 60 66 30 36 0.486
> 60 30 10 20

Tumor size (cm)
<5 70 30 40 0.065
>5 26 11 15

Tumor location
Colon 31 11 20 0.915
Rectum 65 32 33

Tumor differentiation’
I-1 80 45 85 0.212
m-v 16 6 10

Tumor status”
T1-2 34 14 20 0.512
T3-4 62 31 31

Lymph node metastasis’
NO 45 35 10 < 0.001
N1-2 51 B 46

TNM stage’
1-I 41 30 11 <0.001
m-Iv 55 6 49

'Statistical analysis was performed with »* test; ‘Grading of differentiation
status and tumor node metastasis (TNM) classification for colorectal
cancer were based on the American Joint Committee on Cancer: Cancer
Staging Manual (7th edition, 2009). The tumors were classified into two
groups: Well differentiated (grades I and II) and poorly differentiated
(grades Il and IV).

Chicago, 1L, United States). 3-actin was detected simulta-
neously as a loading control (anti-f-actin, 1:1000 dilution;
Kangchen, Beijing, China). All blots were visualized using
an ECL detection system (Amersham, Arlington Heights,
1L, United States) and quantitated by densitometry using
an LAS-3000 imager.

Immunohistochemistry

TRAP-1 expression was examined immunohistochemi-
cally using paraffin-embedded tissues. In brief, 4-um-
thick tissue sections were heated in 6.5 mmol/L citrate
buffer (pH 6.0) at 100 C for 28 min, and incubated with
antibody against TRAP-1 (1:200 dilution). Immunostain-
ing was performed using the DAKO EnVision System
(Dako Diagnostics, Zug, Switzetland). In the negative
control group, PBS was used instead of primary anti-
body. TRAP-1 expression was scored by two indepen-
dent experienced pathologists. Each sample was graded
according to the intensity and extent of staining. The
intensity of staining was scored as 0 (no staining), 1 (weak
staining), and 2 (strong staining). The extent of staining
was based on the percentage of positive tumor cells: 0 (no
staining), 1 (1%-25%), 2 (26%-50%), 3 (51%-75%), and 4
(76%-100%). The final score was assessed by summariz-
ing the results of intensity and extent of staining. The
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Figure 2 Overexpression of tumor necrosis factor receptor-associated
protein-1 correlated with poor prognosis in 96 colorectal cancer patients.
A: Cumulative recurrence; B: Cumulative survival. The tumor necrosis factor
receptor-associated protein-1 (TRAP-1)-positive vs TRAP-1-negative groups (P
<0.001, log-rank test).

case was considered negative if the final score was 0 or 1
() or 2 or 3 (%), and positive if the score was 4 or 5 (+)
or 6 or 7 (++). In most cases, the two reviewers provided
consistent results. Any inconsistencies were resolved
through discussion to achieve a consensus score.

Statistical analysis

The Student # test was used to evaluate the differences in
TRAP-1 expression between LNM CRC and non-LNM
CRC. The ;{2 test was used to assess the relationship
between TRAP-1 expression and clinicopathological fac-
tors. The cumulative recurrence and survival probability
were estimated using the Kaplan-Meier method, and dif-
ferences were calculated by log-rank test. Prognostic fac-
tors were determined using Cox regression analysis. The
recurrence-free and overall survival duration were cal-
culated from the first resection of the primary tumor to
first evidence of recurrence or to death from any cause,
respectively. The diagnosis of recurrence was based on
the typical features presented on computed tomography/
magnetic resonance imaging and elevated serum catcino-
embryonic antigen. All P values were two-sided, and P <
0.05 was considered to be significant. Statistical analyses
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Variables Recurrence Survival
HR (95%CI) P value HR (95%CI) P value
Univariate analysis

Sex

Male/female 0.813 (0.479-1.518) 0.604 0.829 (0.424-1.618) 0.662
Age (yr)

< 60/> 60 1.506 (0.804-2.712) 0.163 1.822 (0.947-3.528) 0.065
Tumor size (cm)

<5/>5 0.876 (0.163-0.665) 0.687 0.880 (0.438-1.723) 0.704
Tumor location

Colon/rectum 0.812 (0.445-1.423) 0.518 0.904 (0.476-1.734) 0.778
Tumor differentiation

[-1/M-IV 1.212 (0.654-2.308) 0.501 1.151 (0.576-2.358) 0.65
Tumor status

T1-2/T3-4 0.866 (0.475-1.618) 0.687 1.020 (0.504-2.028) 0.904
Lymph node metastasis

NO/N1-2 2.707 (1.502-4.912) 0.001 2.812 (1.413-5.509) 0.002
TNM stage

[-I/-IV 3.554 (1.932-6.526) <0.001 3.385 (1.677-6.843) <0.001
TRAP-1 expression

Negative/ positive 3.657 (1.919-6.957) <0.001 4.145 (1.913-8.712) <0.001
Multivariate analysis
LNM

NO/N1-2 0.210 (0.051-0.758) 0.018 0.196 (0.041-0.852) 0.028
TNM stage

[-T/M-IV 8.905 (2.072-38.190) 0.003 9.037 (1.703-48.105) 0.010
TRAP-1 expression

Negative/ positive 2.445 (1.065-5.712) 0.017 2.867 (1.113-7.36) 0.028

HR: Hazard ratio; CI: Confidence interval; LNM: Lymph node metastasis; TNM: Tumor node metastasis; TRAP-1: Tumor necrosis factor receptor-associated

protein-1.

were performed using SPSS 13.0 software.

RESULTS

TRAP-1 expression in CRC specimens and different
metastatic potentials of two human colorectal cancer cell
lines, LoVo and HT?29, were determined by Western blot-
ting and quantitative RT-PCR. The expression of TRAP-1
in LoVo cells and HT29 cells was analyzed with Western
blotting. The expression level of TRAP-1 was dramati-
cally higher in LoVo than in HT29 cells. Representative
Western blotting results are presented in Figure 1A.

Quantitative RT-PCR and Western blotting were used
to analyze the TRAP-1 expression in different groups of
CRC. Relative gene and protein expression quantifica-
tions were calculated by the comparative Ct method using
B-actin as an endogenous control. The results revealed
that TRAP-1 mRNA and protein levels were higher in
LNM CRC than in non-LNM CRC (P < 0.001, Figure
1B and C, D), which is consistent with the results by the
Western blotting;

Immunohistochemistry was applied to confirm the
upregulation of TRAP-1 in different groups (Figure 1E).
In non-LNM CRC, there was weak staining in cancer
cells compared to the strong staining in both primary
and matched metastatic lymph node cancer cells in LNM
CRC samples.
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Association between TRAP-1 expression and
clinicopathological features and postoperative
prognosis of CRC patients

To detect the relationship between TRAP-1 expression
and clinicopathological features and whether TRAP-1
could be a prognostic factor in predicting clinical out-
comes of CRC patients, we evaluated TRAP-1 expression
with the same samples. In the LNM CRC samples, 87%
were positive for TRAP-1 expression, whereas 10.2% of
the non-LNM CRC samples had positive expression.

Statistical analysis revealed that positive expression
of TRAP-1 was significantly associated with LNM, and
advanced TNM stage (P < 0.001). However, no sig-
nificant correlations were observed between TRAP-1
expression and other clinicopathological parameters of
sex, age, tumor size, tumor differentiation and tumor lo-
cation (Table 1).

Furthermore, we found that patients with TRAP-
1-positive CRC had significantly poorer prognosis than
those with TRAP-1-negative CRC. The 5-year cumula-
tive recurrence rate was significantly higher in patients
with TRAP-1-positive CRC than in the TRAP-1-negative
group (P < 0.001, Figure 2A). The 5-year cumulative
survival rate in patients with TRAP-1-positive CRC was
much lower than in those with TRAP-1-negative CRC
(P < 0.001, Figure 2B). Univariate analyses revealed that
LNM, TNM stage and TRAP-1 expression were associ-
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ated with recurrence and overall survival. In multivariate
analysis, LNM, TNM stage and TRAP-1 expression were
also independent prognostic factors for recurrence and
overall survival (P < 0.05, Table 2).

DISCUSSION

Metastasis remains one of the major challenges in man-
agement of CRC patients. LNM is the most common
form of metastasis in CRC. To study the correlation
between expression of TRAP-1 and LNM metastasis in
East Asian CRC patients, develop potential LNM-asso-
ciated biomarkers for CRC, we used the quantitative RT-
PCR to determine the expression of TRAP-1 in clinical
LNM CRC and non-LNM CRC patients, and employed
immunohistochemical assay in the same samples to con-
firm the outcome of PCR and Western blotting.

Recently, several studies have shown that TRAP-1 is
an important factor relevant to progression and prognosis
in various human cancers, such as glioblastornam], ovar-
an™, prostatem, colorectal™, and bladder™ cancer. In
particular, some studies have revealed that overexpression
of TRAP-1 strongly indicates the presence of LNMZ2,
which accords with the objectives of out study. However,
similar investigations have been limited to the relationship
between TRAP-1 expression and LNM in CRC. There-
fore, it is of interest to notice that TRAP-1, one of the
significantly upregulated proteins identified in LNM CRC
compared with non-LNM CRC, has been confirmed at
the protein and mRNA levels.

TRAP-1 is abundantly and differentially expressed
in metastatic CRC in humans, but in normal colon cells,
TRAP-1 was undetectable or minimally expressed. The
different distribution of TRAP-1 in colorectal cancer
cells »s normal cells is in agreement with another survey
of different tumor types, where TRAP-1 was also differ-

entially expressed in tumors of breast, lung, prostate and
[13)

pancreas as compared with normal matched tissues
The up-regulation of TRAP-1 in LNM CRC played a
major role in crucial biological functions that influence
various aspects of cell physiology, including proliferation
and apoptosis, and differentiation and morphogenesis. It
is also significantly involved in cell adhesion and motility,
and cancer invasion and metastasis’” .

The relationship between TRAP-1 expression and the
LNM phenotype of CRC was also studied in the experi-
ment with the same CRC samples. We found that the
increase in TRAP-1 expression level was significantly cot-
related with LNM and advanced TINM stage, which sug-
gests that TRAP-1 plays an important part in the progres-
sion of CRC from a localized to lymph node metastatic
disease. In addition, patients with TRAP-1-positive CRC
had an increasing risk of recurrence and significantly re-
duced overall survival. Univariate and multivariate analy-
ses indicated that TRAP-1 expression is an independent
prognostic factor for recurrence and overall survival in
CRC, which indicates the considerable prognostic value
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of TRAP-1 expression.

In conclusion, the present study provided evidences
in the association between differently expressed TRAP-1
and LNM in CRC based on a quantitative mRINA expres-
sion analysis. TRAP-1 was identified and confirmed to be
significantly overexpressed in LNM CRC. Further evalu-
ation by Western blotting and IHC assay using the same
sample sets suggested that TRAP-1 acts as a potential
biomarker for LNM and prognosis in CRC.

Most epithelial malignancies, including colorectal
cancer exhibit a higher anti-apoptotic threshold, which
contributes to disease progressionmm]. However, many
questions remain to be answered” ™" with respect to the
cellular function of TRAP-1 and how it exerts its influ-
ence on metastatic progression, and the molecular basis
for the different localization of Hsp90 and TRAP-1 to

the tumor s normal mitochondria awaits further studies.

COMMENTS

Background

Colorectal cancer (CRC) is the third most common cancer in both men and
women and the second most common cause of cancer-related death. CRC fre-
quently migrates through lymph node metastasis (LNM), but the variables used
to predict the existence of LNM are not available. In order to improve the diag-
nosis and prognosis of CRC, there is an urgent need to identify specific tumor
molecular markers to recognize patients with LNM, which can define a subset
of CRC patients who could benefit from rational management.

Research frontiers

Accordingly, Hsp90, and its ortholog, tumor necrosis factor receptor-associated
protein-1 (TRAP-1) are abundantly localized to mitochondria of tumor, but not to
the normal cells. Mitochondria play a critical role in cell survival and cell death.
Consistent with a general role of Hsp90 as a drug target in colorectal cancer,
the mitochondria-compartmentalized cytoprotective pathway could provide a
novel therapeutic target to enhance tumor cell apoptosis.

Innovations and breakthroughs

The association between TRAP-1 and cancer has been reported in several
studies recently, especially the relationship of TRAP-1 with metastasis of can-
cer cells. There was a limited number of studies on the association of TRAP-1
with metastasis in Chinese CRC patients. In this study, the authors analyzed
the expression of mitochondrial in different groups of LNM CRC and non-LNM
CRC using quantitative real-time polymerase chain reaction (RT-PCR), and
investigated the correlation between expression of TRAP-1 in LNM CRC and
non-LNM CRC with quantitative RT-PCR and Western blotting. Confirmed with
immunohistochemical assay in the same samples, the authors also investi-
gated the relationship between TRAP-1 expression and lymph node metastatic
phenotype of CRC, and determined the prognostic value on the metastasis in
Chinese CRC cases.

Applications

This study suggests that the mitochondria TRAP-1 affect the lymph node me-
tastasis in CRC, and it may be a potential biomarker for LNM and a prognostic
factor in CRC. Over-expression of TRAP-1 is a predictive factor for the poor
outcome of CRC patients.

Terminology

Hsp90 ortholog, TRAP-1 are abundantly localized to mitochondria of tumor, but
not to normal cells. TRAP-1 is a 75 kDa heat shock protein that is encoded in
humans by the TRAP-1 gene.

Peer review

The study is well-designed, although there are some technical points that need
rethinking during the interpretation of the results. The topic is of great clinical
importance as colorectal carcinoma represents a worldwide health problem,
and finding possible biomarkers that can be prognostic factors may help the
clinicians in their daily routine.
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