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Abstract

AIM: To detect the expression of mitochondrial uncou-
pling protein 2 (UCP2) in colon cancer and analyze the
relation between UCP2 expression and clinical patho-
logical features of colon cancer.

METHODS: Fifteen colon tissue samples and 15 its ad-
jacent tissue samples were obtained from colon cancer
patients during surgical interventions. UCP2 expression
was detected with immunohistochemical method in 10
normal controls, 10 hyperplastic polyp patients, 20 tu-
bular adenoma patients and 78 colon cancer patients.
Patients with rectal cancer were excluded. Quantitative
reverse transcription polymerase chain reaction and
Western blotting were used to detect UCP2 expressions
in colon cancer tissue samples and its adjacent tissue
samples. Relation between UCP2 expression and clinical
pathological features of colon cancer was also analyzed.

RESULTS: The UCP2 mRNA expression level was four-
fold higher in colon cancer tissue samples than in its ad-
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jacent tissue samples. The UCP2 protein expression lev-
el was three-fold higher in colon cancer tissue samples
than in its adjacent normal tissue samples. The UCP2
was mainly expressed in cytoplasm. The UCP2 was
not expressed in normal colon mucosa. Strong positive
staining for UCP2 with a diffuse distribution pattern was
identified throughout the mucosa in colon cancer tissue
samples with a positive expression rate of 85.9%. The
UCP2 expression level was higher in colon cancer tis-
sue samples at clinical stages 1 and IV than in those at
stage I + 1. Univariate analysis showed that the high
UCP2 expression level was significantly correlated to co-
lon cancer metastasis (hazard ratio = 4.321, confidence
interval = 0.035-0.682, 2 = 0.046).

CONCLUSION: UCP2 is highly expressed in human
colon cancer tissue and may be involved in colon cancer
metastasis.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Colon cancer is one of the malignant tumors threatening to
human health, and the mortality of colon cancer patients
ranks second among all malignant tumors in developed
countries. In recent years, its incidence has been increas-
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ing in China, particularly in the economically developed
coastal cities”. Tts etiology and pathogenesis remain unclear.
Great achievements have been made in studies on changes
in tumor suppressor gene or proto-oncogene, but some
problems cannot be explained. Recent studies showed that
mitochondrial dysfunction is involved in the occurrence and
development of tumor"”. Uncoupling protein-2 (UCP2) is a
mitochondrial membrane protein, which negatively regulates
the production of reactive oxygen species (ROS)*®. Adap-
tive mechanisms of cancer cells include resistance to tumor
growth inhibition and evasion of apoptosis, and cellular
events that are appreciably affected by oxidative stress™".
The UCP2 expression level is significantly higher in colon
cancer tissue than in its adjacent tissue and UCP2 may play
a role in intestinal epithelial cells from benign to malignant
transformation'". However, the role of UCP2 in develop-
ment of colon cancer is unclear. In this study, the expression
of UCP2 in normal human colon tissue and colon cancer tis-
sue was detected, and the relation between UCP2 expression
in colon cancer tissue and clinical pathological features of
colon cancer was also analyzed.

MATERIALS AND METHODS

Patients and tissue samples

Fifteen colon caner tissue samples and 15 its adjacent tissue
samples were obtained from the First Affiliated Hospital
of Nanjing Medical University, snap-frozen and stored at
-70°C. UCP2 expression was detected with immunohisto-
chemical method in 10 normal controls, 10 hyperplastic pol-
yp patients, 20 tubular adenoma patients, and 78 patients (45
males and 33 females) with colon cancer at different stages.
Rectal cancer patients were excluded. Clinical pathological
characteristics of the 78 colon cancer patients are listed in
Table 1.

Immunohistochemistry

Tissue sections were stained with rabbit polyclonal antibody
against human UCP2 (LLS-C41270, LifeSpan BioSciences, Se-
attle, WA, USA), horseradish peroxidase (HRP)-labeled goat
anti-rabbit secondary antibodies (Santa Cruz Biotechnology,
Inc, USA) and visualized using peroxidase. Negative control
sections were treated in PBS instead of primary antibodies.
Intensity of UCP2 staining was scored as negative (0), weak
(+1), moderate (+2), and strong (+3).

Quantitative reverse transcription polymerase chain
reaction

After extraction of total RNA from snap-frozen colonic sut-
gical samples with TRIzol reagent (Invitrogen, Carlsbad, CA)
and removal of contaminating genomic DNA with DNase I
and RNasefree (Roche Diagnostics Corp., Indianapolis, IN),
reverse transcription polymerase chain reaction (RT-PCR)
was performed using a first-strand cDNA synthesis kit (Roche
Diagnostics Corp, Indianapolis, IN) following its manufac-
turer’s instructions. Quantitative RT-PCR was performed
using an ABI Prism 7300 real-time PCR detection system
(Bio-Rad, Hercules, CA) following its manufacturer’s instruc-
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Characteristics n (%)
Gender

Female 33 (42.3)

Male 45 (57.7)
Age (yr): median 60.7, range 31-78

<60 36 (46.2)

=60 42 (53.8)
Primary sites

Left colon 44 (56.4)

Right colon 34 (43.6)
Clinical stage

1 (TINOMO) 10

I (T2NOMO) 17

m 37

\Y% 14
Tumor differentiation

Well 16

Moderately 38

Poorly 24

tions. The sequences of UCP2 and internal control GAPDH
primers used in this study are as follows: Ucp2 gene: R:
5'"TCAGAATGGTGCCCATCACA-3', F: 5-CCGGTTA-
CAGATCCAAGGAGAA-3', GAPDH: R: 5-ACCCTGTT-
GCTGTAGCCA-3', F: 5-CCACTCCTCCACCTTTGAC-3".
The PCR amplification conditions were 95°C for 5 min,
followed by 40 cycles at 95°C for 30 s, at 60°C for 1 min, and
a final extension at 72°C for 3 min. The relative amount of
gene expression = 2 Act X 100 (Act = ct target gene-ct inter-
nal reference).

Western blotting for UCP2

Sample was prepared for Western blotting using a mito-
chondria isolation kit following its manufacturer’s instruc-
tions (AR0156, Wuhan Boster Biological Technology, LTD,
Wuhan, China). An equal amount of protein was size-
fractionated with 12.5% SDS-PAGE and transferred to a
polyvinylidene difluoride membrane (Perkin-Elmer Life
Sciences, Boston, MA). Immunoblots were developed us-
ing anti-UCP2 antibody (C-20; Santa Cruz Biotechnology,
Inc, USA). Mitochondrial protein obtained from wild-type
mouse spleen was used as a positive control. An equal load-
ing was confirmed using cytochrome C (sc-13561, Santa
Cruz Biotechnology, Inc, USA). Membranes were incubated
with secondary antibody conjugated with horseradish per-
oxidase (Santa Cruz Biotechnology, Inc, USA), detected with
enhanced chemiluminescence (ECL detection system, NEN,
Boston, MA, USA), and used for visualization.

Statistical analysis

Data are expressed as mean £ SE. Correlation between
categorical groups was evaluated by XZ test or Fisher’s exact
test, when appropriate. Univariate analysis of hazard model
was employed to detect independent predictors of colon
cancer metastasis. When appropriate, linear regression and
Pearson r correlation were calculated. Two-tailed P value of
< 0.05 was considered statistically significant.
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Table 2 Uncoupling protein 2 mRNA expression in human

colon cancer and peritumoral tissue samples detected by
quantitative real-time polymerase chain reaction

Table 3 Uncoupling protein 2 protein expression in human
colon cancer and peritumoral tissue samples detected by West-
ern blotting

Patient No. Tissue UCP2 mRNA relative abundance T/P Patient No. Tissue UCP2 protein (total gray) T/P

1 T 8.12 3.45 1 T 2.10 214
P 2.35 P 0.98

2 T 19.68 5.70 2 T 4.16 558
P 3.45 P 0.78

8] T 13.6 2.96 8 T 2.45 2.82
P 4.6 P 0.87

4 T 214 2.32 4 T 5.14 4.25
P 9.21 P 1.21

5 T 26.2 3.67 5 T 3.02 3.70
P 12.7 P 0.82

6 T 78.6 251 6 T 6.24 2.70
P 31.2 P 231

7 T 86.5 3.59 7 T 5.55 5.00
P 241 1P 1.09

8 T 12.31 6.00 8 T 8.27 3.93
P 20.5 P 2.1

9 T 45.2 8.85 9 T 943 8.65
2 5.1 1P 1.08

10 T 36.1 0.84 10 T 1.96 0.78
P 42.6 P 251

11 T 9.12 237 11 T 3.15 3.80
P 3.85 P 0.83

12 T 3.67 1.78 12 T 7.12 213
P 2.05 P 3.34

13 T 10.34 4.40 13 T 4.51 3.72
P 2.35 P 1.21

14 T 17.63 5.86 14 T 7.12 5.45
P 3.01 P 1.31

15 T 6.54 4.47 15 T 254 417
P 1.46 P 0.62

Average T/P ratio 3.92 Average T/P 3.27

UCP2: Uncoupling protein 2; T: Tumour; P: Peritumoral.

RESULTS

Expression of UCP2 mRNA in colon cancer and its adjacent
tissue samples

The expression of UCP2 mRNA in 15 colon cancer tissue
samples and 15 its adjacent tissue samples was detected by
quantitative RT-PCR. The expression level of UCP2 mRNA
was about four-fold higher in colon cancer tissue samples
than in its adjacent tissue samples (Table 2).

Expressions of UCP2 protein in colon cancer and its
adjacent tissue samples

The expression of UCP2 protein in 15 colon cancer tissue
samples and 15 its adjacent tissue samples was detected by
Western blotting, The expression level of UCP2 protein was
three-fold higher in colon cancer tissue samples than in its
adjacent tissue samples (Figure 1, Table 3).

Correlation between UCP2 protein and mRNA expressions
in human colon cancer tissue samples

The correlation between UCP2 protein and UCP2 mRNA
expressions in human colon cancer tissue samples was ob-
served. A strong linear correlation was found between the T/
P ratio of UCP2 mRNA and protein expression (r = 0.7442,
P < 0.05), suggesting that increased UCP2 expression in co-
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UCP2: Uncoupling protein 2; T: Tumour; P: Peritumoral.

T T P P + +

Cytochrome C

Figure 1 Western blotting analysis showing uncoupling protein 2 expres-
sion in human colon cancer tissue samples. T: Colon cancer tissue sample,
P: Peritumor tissue sample; +: Positive control, spleen from wild type mouse.
Cytochrome C was used as a loading control. UCP2: Uncoupling protein 2.

lon cancer tissue is largely determined at the transcriptional
level (Figure 2).

UCP2 expression in colon tissue samples detected by
immunohistochemistry

The expression of UCP2 was detected by immunohisto-
chemistry in colon tissue samples from 78 colon cancer
patients, 20 adenoma patients, 10 hyperplastic polyp pa-
tients and 10 normal controls. UCP2 was mainly expressed
in cytoplasm but not expressed in epithelium of normal
colon. In contrast, strongly positive staining for UCP2 with
a diffuse distribution pattern was identified throughout
the mucosa in most tubular adenomas and adenocarcino-
mas. The positive staining rate was 85.9% and 55% for
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Table 4 Uncoupling protein 2 expression in different diseases detected by immunohistochemistry

Tissue n Negative Mild Moderate Strong Rate of positive (%)
Normal colon 10 10 0 0 0 0
Hyperplastic polyps 10 9 2 0 0 20
adenoma 20 9 3 6 2 55

Colon cancer 78 10 15 30 22 85.9

Positive cells < 15% in negative control and = 15% positive cells were counted as positive. Staining intensity was classified as negative (0), mildly positive

(+1), moderately positive (+2), and strongly positive (+3).

iy
o
1

UCP2 mRNA (T/P ratio)
O = N W A U1 OO N 0 O
T

0 1 2 3 4 5 6 7 8 9 10
UCP2 protein (T/P ratio)

Figure 2 Correlation between uncoupling protein 2 and uncoupling pro-
tein 2 mRNA expressions in human colon cancer. UCP2: Uncoupling protein
2; T: Tumour; P: Peritumoral.

colon cancer tissue and colon adenoma tissue, tespectively
(Figure 3, Table 4).

Correlation between UCP2 expression and clinical
pathological features of colon cancer

The correlation between UCP2 expression and clinical
pathological features of colon cancer (including tumor stage
and cell differentiation) was analyzed. The expression level
of UCP2 was significantly higher in patients with colon
cancer at clinical stages IIl and IV than in those at stage [ +
IT. However, the UCP2 expression seemed to be irrelevant
to cell differentiation status, indicating that further study is
needed (Table 5).

Analysis of colon cancer metastasis- related factors

The telation of colon cancer metastasis with sex and age of
patients, tumor location, UCP2 expression and other features
was assessed by univariate analysis, showing that cell differen-
tiation and UCP2 expression were involved in colon cancer
metastasis. However, colon cancer metastasis seemed to be ir-
relevant to age and sex of patients and tumor location (Table 6).

DISCUSSION

In this study, different UCP2 expressions in colon cancer tis-
sue and normal peritumoral tissue samples were observed. The
expression of UCP2 mRNA in colonic mucosa samples from
patients undergoing colon cancer resection was detected by
quantitative PCR. As shown in Table 2, the UCP2 mRNA ex-
pression level was 4-fold higher in colon cancer mucosal tissue

samples than in grossly normal peritumoral colonic mucosal
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Table 5 Relation between uncoupling protein 2 expression

and clinical pathological features of colon cancer

Tumor differentiation/ Positive staining rate of P

clinical stage UCP2 (%)

Tumor differentiation
Well differentiation 72.8 0.072
Poor differentiation 914

Clinical stage
Stage I + II 65.1 0.032', 0.0248”
Stage II 80.4 0.248
Stage IV 92.6

'P = 0.032, uncoupling protein 2 (UCP2) expression in colon tissue from
patients with clinical stage 1T vs that in colon tissue from patients with
clinical stage I + 1I; 2P = 0.0248, UCP2 expression in colon tissue from
patients with clinical stage IV vs that in colon tissue from patients with
clinical stage I + II; °P = 0.248, UCP2 expression in patients with clinical
stage IV vs that in colon tissue from patients with stage III.

Table 6 Univariate Cox proportional hazards analysis of me-

tastasis variables in colon cancer patients

Variable Hazard ratio 95% CI P-value
Age (= 60 yr) 0.098 0.081-33.058 0.915
Gender 0.895 0.078-41.221 0.389
Primary site 2.135 0.610-18.281 0.078
Tumor differentiation 1.270 0.031-1.672 0.049
UCP2 high expression 4.321 0.035-0.682 0.046

UCP2: Uncoupling protein 2; CI: Confidence interval.

tissue samples (3.92 & 0.84, » = 15). The expression level of
UCP2 protein in colon cancer tissue samples was measured by
Western blotting and densitometry, respectively (3.27 £ 0.78, #
= 15). A strong linear correlation was found between the T/P
ratio of UCP2 mRNA and protein expressions (r = 0.744, P
< 0.05), suggesting that increased UCP2 expression in colon
cancer tissue is largely determined at the transcriptional level,
which is consistent with the reported findings"".

To characterize the UCP2 protein expression in differ-
ent human colonic lesions, immunohistochemistry staining
was performed for colon tissue sections (including normal
colon tissue, non-neoplastic hyperplastic polyp tissue, tubular
adenoma tissue, and colon cancer tissue). UCP2 in epithe-
lium of normal colon was not stained. In contrast, strongly
positive staining for UCP2 with a diffuse distribution pattern
was identified throughout the mucosa from most tubular
adenomas and adenocarcinomas. These findings indicate that
colonic epithelium is the primary source of increased UCP2

December 7, 2010 | Volume 16 | Issue 45 |



Kuai XY et a/. Mitochondrial UCP2 expression in colon cancer

Figure 3 Immunohistological analysis showing uncoupling protein 2 expression in positively stained colon cancer tissue sample (A, C), negative control
sample (B), and normal colonic tissue sample (D). Magnification: x 200 (A and B), x 400 (C and D).

expression in colon cancer. The positive UCP2 expression
rate was 20% in hyperplastic polyp tissue samples, and over
50% in tubular adenoma samples, and 85.9% in colon cancer
tissue samples, respectively, suggesting that UCP2 expression
may intensify along the adenoma-carcinoma sequence.

The relation between UCP2 expression and clinical
pathological features of colon cancer was analyzed. The ex-
pression level of UCP2 was significantly higher in patients
with colon cancer at clinical stages Ill and IV than in those at
stage | + II. However, the UCP2 expression seemed to be
irrelevant to cell differentiation status, indicating that further
study is needed (Table 5). Furthermore, the relation of colon
cancer metastasis with sex and age of patients, tumor loca-
tion, UCP2 expression and other features was also assessed
by univariate analysis, showing that highly expressed UCP2
was significantly correlated to colon cancer metastasis (hazard
ratio = 4.321, confidence interval = 0.035-0.682, P = 0.046).

Very few studies have reported the potential role of
UCP2 in carcinogenesis'”. Limited literature showed that
experimental data are somewhat controversial™'". Tt has
been shown that the UCP2 expression level is moderately
higher in human colon cancer cells (LoVo) treated with ion-
ized radiation than in controls not treated with ionized radia-
tion"*" and the amount of UCP2 transcripts is greater in
apoptosis-sensitive lymphoma cell line after radiation than in
apoptosis-resistant cell line!"”, suggesting that the decreased
mitochondrial membrane potential mediated by UCP2 may
activate the cell death pathways™"". Recent reports from
multiple laboratories offer a different conclusion”. Tt was
reported that drug-resistant tumor cell sub-lines increase the
UCP2 expression with a lower mitochondrial membrane po-

tential and a diminished susceptibility to oxidative stress'
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indicating that tumor cells may use UCP2 in their metabolic
adaptation to avoid ROS-mediated apoptosis.

Over-expression of UCP2 reduces neuronal cell death in
transgenic mice and in cell culture exposed to hypoxia and
glucose deprivation, coinciding with a decrease in mitochon-
drial ROS formation”", and over-expression of UCP2 in cul-
tured cardiomyocytes limits mitochondrial ROS production
and suppresses loss of mitochondrial membrane potential
elicited by H20 treatment™, suggesting that UCP2 over-
expression may protect different normal cells against apopto-
sis, and the cyto-protective role of UCP2 is likely involved in
reduction of mitochondrial ROS production.

It has been shown that glycolysis is the preferred energy-
producing pathway in rapidly growing cancer cells, while
their mitochondrial respiration is diminished””. Changes in
cancer cell bioenergetics are often associated with more ag-
gressive tumor growth and drug resistance, resulting in worse
prognosis”. This metabolic switch in cancer cells is to steer
away reducing equivalents from the mitochondria to limit
ROS generation.

In conclusion, UCP2 is over-expressed in human colon
cancer 7 vivo. Increased UCP2 expression in colon cancer
is largely determined at the transcriptional level. Highly ex-
pressed UCP2 is associated with colon cancer metastasis.
Over-expression of UCP2 may be involved in tumor aggres-
siveness and UCP2 may be a novel target therapy for colon
cancet.

COMMENTS

Background

Colon cancer is one of the malignant tumors threatening to human health, and
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the mortality of colon cancer patients ranks second among all malignant tumors
in developed countries. Its etiology and pathogenesis remains unclear. Adaptive
mechanisms in cancer cells include resistance to tumor growth inhibition and
evasion of apoptosis, cellular events that are appreciably affected by oxidative
stress. Uncoupling protein-2 (UCP2) negatively regulates the production of re-
active oxygen species (ROS).

Research frontiers

The etiology and pathogenesis of colon cancer remain unclear. Recent studies
showed that mitochondrial dysfunction is involved in the occurrence and devel-
opment of tumor. UCP2 is a mitochondrial membrane protein, which negatively
regulates the production of ROS. The role of UCP2 in development of colon can-
cer is unclear. In this study, the expression of UCP2 in normal human colon tissue
samples and colon cancer tissue samples was detected and the relation between
UCP2 expression and clinic-pathological features of colon cancer was analyzed.

Innovations and breakthroughs

Recent studies showed that mitochondrial dysfunction is involved in the occur-
rence and development of tumor. UCP2 is a member of the inner mitochondrial
membrane anion-carrier protein super family and negatively regulates the produc-
tion of ROS. This is the first study to report the relation between high expression
of UCP2 and clinical pathological features of colon cancer.

Applications

By understanding how the expression of UCP2 in colon cancer and analyzing
the relation between UCP2 expression and clinical pathological features of colon
cancer, we showed that UCP2 might be a novel target therapy for colon cancer.

Terminology

UCP2 is a member of the inner mitochondrial membrane anion-carrier protein su-
per family and negatively regulates the production of ROS. Cancer cells acquire
drug resistance as a result of selection pressure dictated by unfavorable microen-
vironments. This survival process is facilitated through efficient control of oxidative
stress originating from mitochondria that typically initiates programmed cell death.
This critical adaptive response in cancer cells is linked to UCP2, a mitochondrial
suppressor of reactive oxygen species.

Peer review

The authors detected the expression of UCP2 and the relation between UCP2
expression and clinical pathological features of colon cancer. The authors
showed that UCP2 expression was increased in colon cancer, and UCP2 might
be involved in colon cancer metastasis.
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