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Abstract
AIM: To characterize tumor necrosis factor receptor-
associated protein 1 (TRAP1) expression in the pro-
gression of ulcerative colitis (UC)-associated colorectal 
cancer.

METHODS: Chronic UC is an inflammatory bowel dis-
ease that predisposes to colorectal cancer. Immuno-
histochemical analysis was used to evaluate TRAP1 
expression on tissue microarrays containing colonic 
tissues from 42 UC progressors (patients with cancer 
or dysplasia) and 38 non-progressors (dysplasia/can-
cer free patients). Statistical analyses of the TRAP1 
immunohistochemistry staining were performed using 
GraphPad Prism. Differences in the TRAP1 level be-
tween non-progressors and progressors were tested 
for statistical significance using the Mann-Whitney test. 

Receiver operating characteristic curve method was 
used to quantify marker performance in distinguishing 
diseased cases from controls.

RESULTS: TRAP1 was up-regulated in the colon tis-
sues from UC progressors, but not in the colon tissues 
from UC non-progressors. Moreover, up-regulation of 
TRAP1 preceded the neoplastic changes: it was pres-
ent in both the dysplastic and non-dysplastic tissues of 
UC progressors. When TRAP1 staining in rectal tissue 
was used as a diagnostic marker, it could distinguish 
progressors from non-progressors with 59% sensitivity 
and 80% specificity. Our study further showed that the 
increase of TRAP1 expression positively correlated with 
the degree of inflammation in the colorectal cancer tis-
sues, which could be related to the increased oxidation 
present in the colonic mucosa from UC progressors. 
We then investigated the cellular proteome changes 
underlying oxidative stress, and found that oxidative 
stress could induce up-regulation of TRAP1 along with 
several other negative modulators of apoptosis.

CONCLUSION: These results suggest that oxidative 
stress in long standing UC could lead to the increase of 
cytoprotective protein TRAP1, which in turn could pro-
mote cancer progression by preventing or protecting 
the oxidative damaged epithelial cells from undergo-
ing apoptosis. TRAP1 could be a potential diagnostic 
marker for UC associated colorectal cancer.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Chronic ulcerative colitis (UC) is an inflam-
matory bowel disease that predisposes to colorectal 
cancer. Our study showed that up-regulation of tumor 
necrosis factor receptor-associated protein 1 (TRAP1) 
occurred early in the neoplastic progression of UC as-
sociated cancer: it was present in both the dysplastic 
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and non-dysplastic tissues of UC progressors. Our 
study further showed that the increase of TRAP1 ex-
pression in UC progressors positively correlated with 
the degree of inflammation in the colorectal cancer tis-
sues, which could be related to the increased oxidation 
present in the colonic mucosa from UC progressors. 
TRAP1 could be a potential diagnostic marker for UC 
associated colorectal cancer.
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INTRODUCTION
Ulcerative colitis (UC) is a chronic inflammatory con-
dition of  the large bowel. This chronic inflammatory 
response results in increased production and release of  
reactive oxygen metabolites, such as hydrogen perox-
ide, and superoxide which can damage proteins, lipids, 
and DNA[1-3]. Work by several groups has supported a 
role for increased oxidative injury and dysfunction of  
mitochondrial respiratory chain complexes Ⅱ, Ⅲ, and 
Ⅳ in the pathogenesis of  this disease[4,5]. Several mouse 
and human studies have demonstrated that colitis is im-
proved through antioxidant treatments or anti-inflamma-
tory regimens which protect the colonic epithelium from 
oxidative stress[6,7]. Ultimately, patients with UC are at 
increased risk of  developing colorectal cancer as a result 
of  this cellular damage; the severity of  inflammation is a 
critical factor affecting disease progression[8].

Tumor necrosis factor receptor-associated protein 1 
(TRAP1), also known as heat shock protein 75 (Hsp75), 
is a member of  the highly conserved Hsp90 family of  
chaperone proteins, but appears to have unique functions 
from Hsp90[9]. This mitochondrial protein is involved in 
protection against oxidative stress and apoptosis[10] by 
regulating reactive oxidative species (ROS) metabolism 
and preventing damage from unfolded or denatured 
proteins. Studies also reported that TRAP1 excelled the 
cytoprotective activities by regulating mitochondrial per-
meability transition pore opening[11,12].

Up-regulation of  TRAP1 has been reported in vari-
ous cancers including ovarian, colon, and prostate[13-16]. 
TRAP1 is up-regulated in approximately 60% of  human 
colorectal carcinoma cells and this protective mechanism 
may induce multi-drug resistance[17]. The up-regulation 
of  TRAP1 in various cancers support its role in cancer 
promotion. On the other hand, a recent study suggested 
that TRAP1 expression correlates inversely with tumor 
stage in cervical, bladder and clear cell renal cell cancers, 
suggesting that in some settings, this mitochondrial mo-
lecular chaperone may act as a tumor suppressor[18,19].

In a previous study, using comparative proteomics and 

immunohistochemistry (IHC), we detected an increase in 
TRAP1 expression in both non-dysplastic and dysplastic 
colon samples from UC progressors (patients with cancer 
or dysplasia) relative to UC non-progressors (patients 
who are dysplasia/cancer free)[20]. To further character-
ize the role of  TRAP1 in the neoplastic progression of  
chronic inflammation-associated colorectal cancer, we 
validated differences in TRAP1 expression by IHC in 
an independent and expanded sample set of  UC non-
progressors and UC progressors. We explored TRAP1 
expression patterns in UC neoplastic progression by 
evaluating multiple dysplastic and non-dysplastic colonic 
mucosal specimens from each of  the UC progressors and 
non-progressors. We then examined the possible correla-
tion of  TRAP1 expression with the degree of  colonic 
inflammation, and evaluated the potential of  TRAP1 as a 
diagnostic biomarker for UC associated colorectal cancer.

MATERIALS AND METHODS
Specimens
Colon tissue specimens were collected in accordance 
with approved Human Subject’s guidelines at the Univer-
sity of  Washington and the Cleveland Clinic Foundation 
in Cleveland via institutional internal tissue banks. Once 
procured, all specimens were assigned with study IDs 
and specimen IDs. The specimens obtained at the time 
of  colonoscopy or from surgical resections were placed 
in frozen media containing Minimal Essential Medium 
with 10% DMSO, and kept frozen at ‑70 ℃ until use or 
immediately processed for paraffin embedding. Acute in-
flammation was measured using the conventional patho-
logic score for inflammation activity: 0, inactive; 1, UC, 
cryptitis; 2, UC, crypt abcesses; 3, UC, numerous crypt 
abcesses; and 4, UC, ulcerated and granulation tissue.

Tissue microarray construction
UC tissue microarrays (TMA) were constructed from 
representative pathologic or normal tissues from par-
affin-embedded formalin or Hollande’s-fixed samples, 
including 38 from UC non-progressors and 42 from UC 
progressors. Triplicate 1.5-mm-diameter cores of  each 
tissue type were embedded into a systematic grid using a 
tissue arrayer (Beecher Instruments, Silver Spring, MD, 
United States) as previously described[21]. The histologi-
cal diagnosis of  each core was independently confirmed.

Immunostaining
Briefly, the deparaffinized slides were processed for 
antigen retrieval using heat induced epitope retrieval 
techniques in EDTA buffer pH 8 followed by cooling to 
room temperature and primary antibody incubation using 
the TRAP1 antibody (Abcam 26135) at a titer of  1:50. 
The specific protein-antibody complexes were located us-
ing a biotin/streptavidin-HRP/(DAB) detection kit. IHC 
staining was graded by blinded observers using two semi-
quantitative measurements: staining intensity (0-4) and 
percentage of  cells stained (0 = no staining, 1 = approxi-
mately 25%, 2 = approximately 50%, 3 = approximately 
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75%, and 4 = approximately 100%). Positive staining was 
defined as cytoplasmic staining of  epithelial cells. A com-
bined numeric IHC score was calculated as the product 
of  staining intensity and percentage of  stained cells.

Cell culture and mitochondrial preparation
HT29 cells were cultured in DMEM + 10% FBS + pen/
strep with the addition of  either light or heavy stable 
isotope labeled lysine and arginine (light: 12C, heavy: 13C). 
After 7 d culture, the incorporation of  heavy isotope 
reached 96%. Cells were treated with 50 μmol/L H2O2 
for 24 h. Cells were trypsinized and the mitochondria 
were isolated using the Qproteome Mitochondrial Isola-
tion Kit (Invitrogen) as per the manufacturer’s instruc-
tions. Lysates were resuspended in M-Per (Thermo 
Scientific) and the protein concentration was quantitated 
using a BCA assay (Thermo Scientific). 300 μg of  protein 
from SILAC labeled and H2O2 treated HT29 mitochon-
drial preps were combined, precipitated by cold acetone 
and resuspended in 50 mmol/L NH4HCO3. Proteins 
were reduced with 10 mmol/L DTT for 1 h at 56 ℃ 
and blocked with 20 mmol/L iodoacetamide for 30 min 
at RT in the dark. Proteins were digested with trypsin 
overnight at 37 ℃ and peptides were purified and eluted 
into three fractions with a C18 column (The Nest Group, 
Inc.). Peptides were dried in a speed vacuum, resuspend-
ed in 0.5% acetic acid, and analyzed by LTQ-Orbitrap 
mass spectrometry.

Mass spectrometric analysis
The samples were analyzed using an LTQ-Orbitrap 
hybrid mass spectrometer (Thermo Fisher Scientific) 
coupled with nano-flow HPLC, which consists of  a trap 
column (100 μm × 1.5 cm) packed with Magic C18AQ 
resin (5 μm, 200 Å particles; Michrom Bioresources), 
followed by an analytical column (75 μm × 27 cm) 
packed with Magic C18AQ resin (5 μm, 100 Å particles; 
Michrom Bioresources). The peptide samples were 
analyzed using a 90-min non-linear gradient, starting 
at 5% acetonitrile with 0.1% formic acid (against water 
with 0.1% formic acid), changing to 7% over 2 min, 
then to 35% over 90 min at a flow rate of  300 nL/min. 
The mass spectrometry experiment consisted of  a full 
MS scan in the Orbitrap followed by up to 5 MS/MS 
spectral acquisitions in the linear ion trap using collision 
induced dissociation. An exclusion time of  45 sec was 
used to enhance the interrogation of  low abundance 
peptides.

Proteomics data processing
The MS/MS data were searched against IPI human pro-
tein database using X!tandem algorithm. The assignment 
of  peptide sequence was validated using PeptidePro-
phet[22]. Peptides with a probability score of  0.9 or above 
were selected for protein identification using Protein-
Prophet[23]. The quantitative ratio of  peptide/protein was 
calculated using Xpress software.

Apoptosis assay
HT29 cells were treated with hydrogen peroxide for 24 
or 48 h and apoptosis measured using the ApoOne Ho-
mogenous Caspase 3/7 kit (Promega G7792) as per the 
manufacturer’s instructions. Each condition was tested 
in triplicate.

Carbonyl ELISA
Protein lysates were prepared in CHAPS buffer as de-
scribed previously[24]. Protein lysates from 4 normal 
controls, 6 UC non-progressors, and 6 UC progressors 
at sites negative for dysplasia and high grade dysplasia 
(HGD) sites were adjusted to 10 μg/mL following Brad-
ford protein assay. Oxidative stress was measured in pro-
tein lysates using the OxiSelect Protein Carbonyl ELISA 
kit (Cell Biolabs STA-310) as per the manufacturer’s 
instructions.

Statistical analysis
Statistical analyses of  the TRAP1 IHC staining were 
performed using GraphPad Prism (La Jolla, CA, United 
States). Differences in the TRAP1 level between non-
progressors and progressors were tested for statistical sig-
nificance using the Mann-Whitney test. Receiver operating 
characteristic (ROC) curve method was used to quantify 
marker performance in distinguishing diseased cases from 
controls. The correlation of  TRAP1 level with inflamma-
tion score was tested by linear regression. Statistical sig-
nificance was defined as P < 0.05.

RESULTS
Increased expression of TRAP1 in the rectal tissues 
from UC progressors
TMAs containing colonic tissues from 42 UC progres-
sors and 38 non-progressors were stained with a TRAP1 
antibody to evaluate the expression of  TRAP1 in colon 
tissues. For comparison, we also examined normal colon 
tissues from 20 non-UC controls. The TMAs contained 
both dysplastic and non-dysplastic tissue samples from 
the UC progressors. The overall staining of  TRAP1 was 
presented as IHC score by calculating the product of  
staining intensity and percentage of  stained cells.

As presented in Figure 1, the staining of  TRAP1 in 
non-progressors was not significantly different from that 
in normal controls. In contrast, there was a significant 
increase in the TRAP1 expression in the dysplasia and 
cancer compared to rectal tissues from normal controls (P 
< 0.0001) or the UC non-progressors (P < 0.001). More-
over, the non-dysplastic rectal tissues from progressors 
also displayed a significant increase in TRAP1 expression 
compared to the rectal tissues from non-progressors (P = 
0.001) or from normal controls (P = 0.0045). Within the 
progressors, TRAP1 expression increased significantly 
throughout the neoplastic progression: from non-dyspla-
sia to low grade dysplasia (LGD) and to HGD or cancer. 
The staining of  TRAP1 in HGD was not significantly 
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Table 1  Performance of tumor necrosis factor receptor-associated protein 1 staining in distinguishing progressors from non-
progressors

different from that in cancer. The representative IHC im-
ages are presented in Figure 2.

TRAP1 staining to distinguish progressors from 
non-progressors
The ROC method was then used to evaluate and quan-
tify TRAP1 expression as a biomarker to distinguish UC 
progressors from non-progressors. Since multiple tissues 
including dysplastic and non-dysplastic tissues from each 
progressor were tested for TRAP1 staining, we first eval-
uated using TRAP1 staining in dysplastic tissues from 
progressors as a biomarker. As shown in Figure 3, the 
AUC value of  using TRAP1 staining in LGD, HGD and 
cancer tissues from progressors reached 0.86, 0.97 and 
0.87, respectively, in separating progressors from non-
progressors. If  the highest TRAP1 staining in any of  
dysplastic tissue was used as a biomarker, the AUC could 
be improved to 0.94 in separating progressors from non-
progressors. With 90% specificity, TRAP1 staining in 
dysplastic tissues could achieve 86% sensitivity in sepa-
rating progressors from non-progressors (Table 1). With 

80% specificity, TRAP1 staining in dysplastic tissues 
could achieve 94% sensitivity in separating progressors 
from non-progressors (Table 1).

In addition to the dysplastic tissues, the non-dysplastic 
rectal tissues from progressors also displayed increased 
TRAP1 staining. We then evaluated if  TRAP1 stain-
ing in the non-dysplastic rectal tissue could be used as a 
biomarker for progressors. As shown in Table 1, TRAP1 
staining in the rectal tissue could be used to separate pro-
gressors from non-progressor with 59% sensitivity and 
80% specificity. If  we used the highest TRAP1 staining 
from the multiple tissues (including dysplastic and non-
dysplastic tissues) from each progressor, the performance 
of  TRAP1 as a biomarker could be significantly en-
hanced: with 83% sensitivity and 80% specificity (AUC = 
0.88) in distinguishing progressors from non-progressors.

Concordance rate of TRAP1 expression in UC 
progressors
We then examined TRAP1 expression pattern among 
different histological grades in progressors. For each pro-
gressor, available non-dysplasia (rectum), LGD, HGD 
and cancer tissues were examined for TRAP1 expression. 
Using the mean TRAP1 expression of  non-progressors 
(IHC score = 1.55) as cutoff  value to define tissue with 
low or high TRAP1 expression, 40 out of  the 42 progres-
sors displayed consistent TRAP1 staining among rectal, 
LGD, HGD and cancer tissues, achieving a concordance 
rate of  95% among different histological grades within 
each progressor (Table 2). There were only two progres-
sors that showed a non-concordant TRAP1 pattern 
among tissues with different histology grades. For pro-
gressor case 25, the rectal and LGD tissues were negative 
for TRAP1, but the HGD and cancer tissues were posi-
tive. For case 29, the rectal, LGD, and cancer tissues were 
all negative for TRAP1, but the HGD tissue was positive. 

Differential TRAP1 staining in the surface and deep 
epithelium of colon tissue
In evaluation of  TRAP1 staining in the colon mucosa, 
we observed differential TRAP1 staining in colonic sur-
face epithelium and deep epithelium. In normal controls 
and non-progressors, the TRAP1 staining within surface 
epithelium was more intense than in the deep epithelium 
(Figure 4). In contrast, the TRAP1 staining of  colonic 
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Using TRAP1 expression in different histologic grades as a biomarker (n ) Controls (n ) AUC value Sensitivity at

90% specificity 80% specificity
LGD (29) Non-progressors (38) 0.86 69%   79%
HGD (14) Non-progressors (38) 0.97 86% 100%
Cancer (17) Non-progressors (38) 0.87 82%   88%
Progressor rectal tissue (39) Non-progressors (38) 0.71 41%   59%
Highest TRAP1 in dysplasia (36) Non-progressors (38) 0.94 86%   94%
Highest overall TRAP1 (42) Non-progressors (38) 0.88 76%   83%

LGD: Low grade dysplasia; HGD: High grade dysplasia; TRAP1: Tumor necrosis factor receptor-associated protein 1.
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Figure 1  Tumor necrosis factor receptor-associated protein 1 staining 
increases with ulcerative colitis progression at both non-dysplastic and 
dysplastic sites. Plot depicts the average immunohistochemistry (IHC) score 
± SE for rectal samples from normal controls, non-progressors, progressors 
at non-dysplastic rectal sites, and progressors at dysplastic sites. The number 
of patient is indicated. bP < 0.01 using Mann Whitney test vs normal controls. 
NP: Non-progressors; P: Progressors; LGD: Low grade dysplasia; HGD: High 
grade dysplasia; CA: Cancer; TRAP1: Tumor necrosis factor receptor-associ-
ated protein 1.
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surface epithelium was similar to deep epithelium in 
non-dysplastic tissues from progressors. TRAP1 stain-
ing in deep colonic epithelium was significantly different 
among the non-dysplastic colon samples from normal 
controls, non-progressors and progressors (P = 0.001), 
whereas the surface staining among them was not sig-
nificantly different (P = 0.158). These observations indi-
cate that the differential TRAP1 expression between the 
non-dysplastic tissues of  UC non-progressors and pro-
gressors stemmed mainly from the differential TRAP1 
expression in the deep colonic epithelium.

Correlation of TRAP1 with inflammation
UC progressors and non-progressors had various degrees 
of  inflammation in the colon and rectum. The specimens 
for this study were chosen so that the overall degree of  

colonic inflammation was matched in non-progressors 
and progressors. The mean inflammation scores for non-
progressor samples and progressor samples were 1.8 ± 0.2 
and 1.8 ± 0.1, respectively, with no significant difference 
in the degree of  inflammation between non-progressors 
and progressors (Mann Whitney test P = 0.95). To evalu-
ate if  there was a correlation between the degree of  
inflammation and TRAP1 expression in each of  the indi-
vidual samples, we performed a linear regression analysis 
on non-progressors and progressors. As shown in Figure 
5, there was a positive correlation between the degree 
of  inflammation and TRAP1 expression in dysplastic 
samples from progressors (P = 0.03), and no correlation 
between degree of  inflammation and TRAP1 expres-
sion in samples from non-dysplastic tissues, regardless of  
whether the patients were progressors or non-progres-
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Figure 2  Representative tumor necrosis factor receptor-associated protein 1 immunohistochemistry staining in ulcerative colitis non-progressors and 
ulcerative colitis progressors. A: Normal rectum from a normal control; B: Non-dysplastic rectum from a non-progressor (NP); C: Non-dysplastic rectum from a 
progressor (P); D: Low grade dysplasia from a progressor; E: High grade dysplasia from a progressor; F: Cancer from a progressor. All images were taken at × 20 
magnification. P: Progressor.
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sors (Figure 5A and B). Among the dysplastic samples, 
there was no correlation between degree of  inflammation 
and TRAP1 expression in LGD or HGD, but there was 
a significant correlation between degree of  inflammation 
and TRAP1 expression in cancer (Figure 5F, P = 0.01).

Increased oxidation in UC colon mucosa
While histologic detection of  inflammatory cells in the 
colonic mucosa provides a snap-shot of  the inflamma-
tory process at one point in time, it is not a measurement 
of  the inflammatory exposure over time or cumulative 
oxidative injury. To measure the cumulative oxidative 
damage in the colonic mucosa of  UC patients, we directly 

measured the by-product of  oxidative injury to proteins 
in the colon: protein carbonylation. It has been reported 
that levels of  protein carbonyls are increased within the 
inflamed mucosa of  IBD patients, in addition to reactive 
oxygen intermediates and DNA oxidation products[25]. 
We compared protein carbonyls in lysates prepared from 
the colonic epithelium isolated from normal individuals, 
UC non-progressors, and UC progressors, using a car-
bonyl ELISA assay (Figure 6). UC non-progressors had 
similar levels of  protein carbonylation to the normal non-
UC controls. In contrast, the protein carbonylation in the 
LGD increased by 7.8-fold with statistical significance 
(P = 0.029). Similarly, the protein carbonylation in the 

17042 December 7, 2014|Volume 20|Issue 45|WJG|www.wjgnet.com

Figure 3  Evaluation of tumor necrosis factor receptor-associated protein 1 staining in different histological grades as a biomarker to distinguish progres-
sors from non-progressors. The different histological grades were indicated in each specific panel. The rectal tissue from progressors was non-dysplastic, and 
tissue from non-progressors (NP) was also non-dysplastic rectal tissue. LGD: Low grade dysplasia; HGD: High grade dysplasia; CA: Cancer; TRAP1: Tumor necrosis 
factor receptor-associated protein 1.
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HGD increased by 7.6-fold with statistical significance 
(P = 0.005). The protein carbonyls in the non-dysplastic 
sites from progressors or cancerous tissue also increased 
over 3-fold; however, they did not quite reach statistical 
significance (P = 0.08 and 0.17, respectively).

Oxidative damage induces up-regulation of TRAP1 in 
colon cancer cells
To investigate the link between oxidative damage and up-
regulation of  TRAP1, we analyzed HT29 human colon 
cancer cells following treatment with hydrogen peroxide 
for 24 h. We detected a dose-dependent increase in pro-
tein carbonyls in the treated cells, suggesting that the oxi-
dative injury in this model system parallels in vivo events 
(Figure 7A). To further investigate the global functional 
changes following oxidative stress, we next looked at the 
mitochondrial proteome since the regulation of  stress 
response occurs primarily in the mitochondria. Purified 
mitochondrial lysates from HT29 cells treated with 50 
μmol/L of  hydrogen peroxide for 24 h were evaluated 
using SILAC based quantitative proteomics relative to un-
treated cells. We detected 116 mitochondrial proteins with 
an at least 1.5-fold change in hydrogen peroxide treated 
cells relative to control untreated cells. TRAP1 was one 
such protein, expressed at a 1.5 fold increase following 
hydrogen peroxide treatment. We also detected up-regula-
tion of  two other mitochondrial stress response proteins 

(HSPA9 and PYCR1) in the hydrogen peroxide treated 
cells. In addition, several proteins involved in modulation 
of  apoptosis or antioxidants were over-expressed in the 
hydrogen peroxide treated cells, including PHB, PRDX3, 
and NDUFAF2 (Figure 7B). We next evaluated apoptosis 
in the treated cells. As showed in Figure 7C, there was a 
sharp decrease in viability of  HT29 cells with increasing 
H2O2 exposure; however, there was only a modest (about 
20% increase) in apoptosis in treated cells (as determined 
by activated caspase 3; Figure 7D). Moreover, we did 
not detect a corresponding dose-dependent increase in 
apoptosis, suggesting that these cells could be protected 
against apoptosis, possibly through up-regulation of  
TRAP1 and other anti-apoptotic mechanisms.

DISCUSSION
In chronic UC patients, the colon epithelium undergoes 
repeated cycles of  inflammation and tissue repair, result-
ing in oxidative stress and accumulation of  ROS. Exces-
sive ROS can cause oxidative stress, which may subse-
quently lead to damage in DNA, proteins and lipids. If  
un-repaired, this damage could potentially lead to the de-
velopment of  cancer. TRAP1 is a mitochondrial protein 
whose function is to protect cells from oxidative injury 
and apoptosis. We have previously shown up-regulation 
of  TRAP1 in UC progressors using a comparative pro-
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Figure 4  Surface and deep epithelium displayed different degrees of tumor necrosis factor receptor-associated protein 1 staining across all non-dysplas-
tic colon tissues. A: Non-dysplastic tissue from a non-progressor; B: Non-dysplastic tissue from a progressor; C: Comparison of tumor necrosis factor receptor-asso-
ciated protein 1 (TRAP1) staining in the surface epithelium and deep epithelium. Only the non-dysplastic tissues from progressors were included in this comparison. 
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teomics approach. In the current study, we provide fur-
ther evidence of  TRAP1 involvement in UC neoplastic 
progression. Our data show that TRAP1 is up-regulated 
in the colonic mucosa from UC patients who have 
colorectal cancer/dysplasia (UC progressors), but not in 
the colonic mucosa from UC patients who are cancer/
dysplasia-free (UC non-progressors). The up-regulation 
starts at the very earliest neoplastic stage, the stage when 
histological changes are not visible (i.e., non-dysplastic 
stage), and increases with neoplastic progression. TRAP-1 
expression appears to be colon-wide, involving both the 
dysplastic and non-dysplastic (negative for dysplasia rec-
tum) mucosa of  UC progressors.

Inflammation and TRAP1
The patients included in this analysis had pan-colonic 
UC; thus acute and chronic inflammation involves the 
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entire colon. For the purposes of  this study, the UC pro-
gressors and non-progressors were matched for inflam-
mation in the colon. It was interesting to note that the 
increased TRAP1 expression correlated with the degree 
of  inflammation only in the colorectal cancer tissues, but 
not in the earlier stages of  tumorigenesis. This suggests 
that the acute inflammation is not likely to influence 
TRAP1 expression. Increased carbonyl protein oxidation 
levels, which may be a better measure of  accumulated 
chronic inflammation, were found in the non-dysplastic 
and dysplastic colonic mucosa from UC progressors but 
not in the mucosa of  UC non-progressors. These find-
ings suggest that protein oxidation and overexpression 
of  TRAP1 are early, possibly causative events in neoplas-
tic progression of  UC.

We further showed that oxidative stress induces up-
regulation of  carbonyl oxidation and TRAP1 protein 
expression, along with several other negative modulators 
of  apoptosis. These results confirm a paradigm whereby 
chronic oxidative injury to colon cells is associated with 
mitochondrial response of  up-regulating TRAP1.

Surface epithelium vs deep epithelium
An interesting phenomenon was observed in this study. 
In the non-dysplastic colon specimens from UC non-
progressors and from normal non-UC control subjects, 
TRAP1 staining is present in the surface epithelium, 

while in the UC progressors TRAP1 expression is pres-
ent in both the superficial and deep parts of  the epithelial 
crypts. This staining pattern is similar to the inflamma-
tion-induced increase in Cox-2 expression within the 
surface colonic epithelium from UC patients[26]. In the 
colons of  UC non-progressor and normal controls, the 
epithelium is constantly renewing with old epithelial cells 
moving towards the surface and eventually sloughing off  
into the lumen. When the epithelial cells move closer to 
the surface, they face a harsh environment including stool 
and bacteria. The various stress stimuli could induce the 
up-regulation of  TRAP1 in these cells. These cells are not 
long-lived however - the superficial cells are shed into the 
colon lumen within several hours of  arriving to the sur-
face. In contrast, in the histologically normal appearing 
colon tissues from UC progressors, high expression of  
TRAP1 was observed in both the surface and deep epi-
thelium. In UC progressors, the reactive oxygen species 
generated from the abundant inflammatory cells in the 
lamina propria and sub-mucosa likely affect the nearby 
deep epithelium, and could induce TRAP1 for cytopro-
tection in these epithelial cells. If  the deep epithelial cells 
that are damaged do not undergo cell death, one could 
envision that accumulated damage in the crypt stem cells 
would be passed to the daughter cells. This would lead 
to the clonal expansion of  genomic instability, which we 
have previously described[27].
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Figure 7  Tumor necrosis factor receptor-associated protein 1 expression is increased with oxidative damage in colon cancer cells. A: HT29 cells were 
treated with the indicated concentrations of H2O2 for 24 h and protein carbonyls were detected using enzyme-linked immunosorbent assay; B: Up-regulation of anti-
apoptotic proteins following H2O2 treatment detected by quantitative proteomics; C: Viability assay of HT29 cells following exposure to increasing amounts of H2O2; D: 
Detection of activated caspase 3 following 24 h H2O2 treatment.
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Table 2  Expression pattern of tumor necrosis factor receptor-associated protein 1 among different histologic grades within each 
progressor

Cell damage, cell death and TRAP1
The role of  TRAP1 is multi-functional in the cell. It 
regulates mitochondrial integrity and apoptotic cell death 
as well as proteins that are destined for the mitochon-
dria. With these functions in mind, it is difficult to know 
whether the higher levels of  TRAP1 are beneficial or 
detrimental to the cell. One could envision TRAP1 as 
a protector against oxidative injury. However, increased 
TRAP1 expression could be problematic if  it ultimately 
inhibits a normal damage-induced apoptotic response. 
We have previously shown that the DNA of  UC pro-
gressors has accumulated genomic instability[28], that 
bcl-2, an anti-apoptotic protein, is overexpressed in the 
dysplastic and non-dysplastic mucosa of  UC progres-
sors (but not in the UC non-progressors)[29] and that 
abrogation of  the senescence pathways leads to neo-

plastic predisposition[24]. In the previous study[29], Bcl-2 
was found to be increased in 76% of  cases of  ulcerative 
colitis associated dysplasia. In our current study, 69% 
of  the progressors displayed positive TRAP1 staining in 
the dysplastic or cancerous tissues. Therefore, our cur-
rent data are consistent with previous results that there 
are increased anti-apoptotic activities in UC dysplasia. 
Furthermore, in our in vitro studies of  hydrogen perox-
ide treated coloncytes, caspase 3, an apoptosis index, is 
only marginally elevated in oxidatively treated cells, and 
moreover, even with supra-physiologic doses of  H2O2, 
there is no dose response that one might anticipate as 
DNA is further injured, implying that apoptosis could be 
suppressed in these cells. Our results are consistent with 
previous report that high TRAP1 levels interfered with 
caspase 3 activation[30]. Taken together, it seems likely 
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Progressor case Highest histologic grade present in the progressor Rectum LGD HGD CA

1 LGD - - NA NA
2 LGD - - NA NA
3 LGD - - NA NA
4 LGD - - NA NA
5 LGD + + NA NA
6 LGD - - NA NA
7 LGD + + NA NA
8 LGD - - NA NA
9 LGD - - NA NA
10 LGD + + NA NA
11 LGD + + NA NA
12 LGD - - NA NA
13 LGD + + NA NA
14 LGD - - NA NA
15 LGD - - NA NA
16 LGD - - NA NA
17 LGD + + NA NA
18 LGD + + NA NA
19 LGD + + NA NA
20 HGD + + NA NA
21 HGD - - NA NA
22 HGD + + + NA
23 HGD + + + NA
24 HGD + + + NA
25 CA - - + +
26 CA + + + +
27 CA + + + +
28 CA NA NA NA +
29 CA - - + -
30 CA + + + +
31 CA + + + NA
32 CA - - NA -
33 CA + + NA +
34 CA NA NA + +
35 CA NA NA NA +
36 CA + + + +
37 CA + + + +
38 CA + + NA +
39 CA + + + +
40 CA + + NA +
41 CA + + + +
42 CA + + NA +

"+": Positive tumor necrosis factor receptor-associated protein 1 (TRAP1) staining; "-": Negative TRAP1 staining; NA: Not available; LGD: Low grade dys-
plasia; HGD: High grade dysplasia; CA: Cancer.
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that TRAP1 is one of  several proteins which impact the 
continued survival of  colonic crypt cells that are dam-
aged but have escaped death. These TRAP1 expressing 
damaged cells may be a seed for neoplastic progression 
in UC.
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COMMENTS
Background
Patients with chronic inflammation, such as ulcerative colitis (UC), are prone to 
cancer. The chronic inflammatory response in UC patients results in increased 
production and release of reactive oxygen metabolites.
Research frontiers
Work by several groups has supported a role for increased oxidative injury and 
dysfunction of mitochondrial respiratory chain in the pathogenesis of this dis-
ease. Tumor necrosis factor receptor-associated protein 1 (TRAP1) is involved 
in protection against oxidative stress and apoptosis by regulating reactive oxi-
dative species metabolism and preventing damage from unfolded or denatured 
proteins. Up-regulation of TRAP1 has been reported in various cancers includ-
ing ovarian, colon, and prostate.
Innovations and breakthroughs
TRAP1 was up-regulated in the colon tissues from UC progressors, but not in 
the colon tissues from UC non-progressors. Moreover, up-regulation of TRAP1 
preceded the neoplastic changes: it was present in both the dysplastic and 
non-dysplastic tissues of UC progressors. Their study further showed that the 
increase of TRAP1 expression positively correlated with the degree of inflam-
mation in the colorectal cancer tissues, which could be related to the increased 
oxidation present in the colonic mucosa from UC progressors. Authors then in-
vestigated the cellular proteome changes underlying oxidative stress, and found 
that oxidative stress could induce up-regulation of TRAP1 along with several 
other negative modulators of apoptosis.
Applications
When TRAP1 staining in rectal tissue was used as a diagnostic marker, it could 
distinguish progressors from non-progressors with 59% sensitivity and 80% 
specificity. TRAP1 could be a potential diagnostic marker for UC associated 
colorectal cancer.
Peer review
Collectively, the authors propose that oxidative stress in long standing UC could 
lead to the increase of TRAP1, which in turn promotes cancer progression by 
preventing the oxidative damaged epithelial cells from undergoing apoptosis.
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