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Prognostic significance of monocarboxylate transporter 4
expression in patients with colorectal cancer
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Abstract. Cancer cells generally have a high rate of glycolysis
and produce larger quantities of lactate as compared to the
surrounding normal cells. Monocarboxylate transporter 4
(MCT4) is one of the proton pumps exchanging the lactate
through the plasma membrane. The prognostic significance
of MCT4 expression has not been evaluated in patients with
colorectal cancer (CRC). Surgical specimens from 105 CRC
patients were immunohistochemically stained using a poly-
clonal anti-MCT4 antibody. The relationships among the
MCTH4 expression, clinicopathological factors and prognosis
were evaluated. A total of 53 (50.5%) of the 105 patients with
CRC were determined to have tumors positive for MCT4
expression. The expression of MCT4 significantly correlated
with the tumor size, depth of invasion, lymph node metas-
tasis, distant metastasis and TNM staging. The survival rate
of the patients who were positive for MCT4 expression was
significantly lower than that of patients with negative MCT4
expression. Positive MCT4 expression was a significantly poor
prognostic factor, as determined by both univariate and multi-
variate analyses. Therefore, positive MCT4 expression appears
to be a useful marker for tumor progression and prognosis in
patients with CRC.

Introduction

Colorectal cancer (CRC) is one of the most lethal cancers in
the world. In Japan, cancer-related death from CRC was esti-
mated to be the most frequent cause of female cancer-related
death, and the third most frequent cause of male cancer-related
death in 2008 (1). Recent advances in chemotherapy have been
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improving the overall survival of patients with metastatic
CRC, however, the prognosis of patients with metastatic CRC
remains relatively low. Therefore, identification of prognostic
factors that could select CRC patients at a high risk of recur-
rence would be helpful for planning better treatment strategies.

Cancer cells generally are hyper-proliferative, have a high
rate of glycolysis and exert anti-apoptotic effects compared
to surrounding normal cells. Glycolysis is a key step for the
acquisition of ATP in all mammalian cells, including cancer
tissues. Metabolism of glucose via glycolysis results in the
production of high concentrations of lactate, which must be
transported out of cells (2). This transport of lactate across the
plasma membrane is mediated by a family of protone-coupled
monocarboxylate transporters (MCTs) (3).

The MCT family has 14 members (3). Of these members,
only MCT1-MCT4 catalyze the proton-coupled transport of
lactate (4-8). The distribution of MCTs is different by cell
type. While MCTT1 is expressed in most cells (3,4), the highest
expression of MCT?2 is observed in the testis (9), and MCT3
expression is largely restricted to the retinal pigment epithe-
lium (3,4). On the other hand, MCT4 is strongly expressed
in highly glycolytic cells, such as white muscle (10), white
blood cells (4,7) and tumors (11-13). Recently, we reported
that MCT4 expression of lung cancer cell lines are strongly
correlated with invasion activity in Matrigel (14).

Cancer cells produce a large amount of lactic acid (2),
which is generated through glucose metabolism and inefficient
vascular clearing, resulting in an acidic microenvironment
within many solid tumors (15). The partial pressure of oxygen
within human cancer is frequently much lower than that of
the surrounding normal tissue, and intratumoral hypoxia is
associated with an increased risk of local spread, metastasis
and patient mortality (16).

In order to prevent apoptosis due to cellular acidosis, tumor
cells increase their proton efflux through pH regulators, such
as proton pumps, sodium-proton exchangers, bicarbonate
transporters and MCTs, which have been described as being
up-regulated in tumor cells (17). However, only few studies
have evaluated the immunohistochemical expression of
MCTH4 in cancer specimens (11-13). The significance of MCT4
expression in CRC has not been fully evaluated, especially
with regard to its relationship to prognosis. Therefore, the
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present study investigated the relationship between clinico-
pathological factors and the immunohistochemical MCT4
expression on the plasma membrane of the primary CRC cells,
and prognostic factors of primary CRC patients.

Patients and methods

Patients. A total of 105 patients with primary CRC who under-
went surgery at the Department of Surgery 1 of the University
Hospital of Occupational and Environmental Health, Japan,
from 1997 to 2000, were recruited for this study. The clinical
data of these patients are summarized in Table I. Informed
consent was obtained from all patients prior to the study. No
patients had received chemotherapy or radiotherapy before
surgery. The clinicopathological findings were determined
according to UICC tumor-node-metastasis (TNM) classifica-
tions (18).

Antibody. For the immunohistochemical staining of mono-
carboxylate transporter 4 (MCT4), an anti-MCT4 rabbit
polyclonal antibody (H-90) (sc-50329) was purchased from
Santa Cruz Biotechnology, Inc.

Immunohistochemical staining of MCT4. The immuno-
histochemical staining (IHC) of MCT4 was performed on
formalin-fixed 2-pum sections of tissues embedded in paraffin.
The 2-pum sections were deparaffinized in xylene and then
rehydrated. Endogenous peroxidase was blocked with 3%
hydrogen peroxidase in methanol for 10 min. After washing
with phosphate-buffered saline (PBS), the sections were pre-
incubated with 10% rabbit serum albumin in PBS for 10 min
at room temperature. The slides were then incubated with the
MCT4 antibody for 1 h at room temperature (dilution 1:100).
Antibody binding was visualized using the EnVision+ Dual
link system and diaminobenzidine as chromogen (Dako
Cytomation, Kyoto, Japan). The slides were counterstained
with methyl green and mounted.

Staining evaluation. Immunostained slides were analyzed
independently by two authors. Slight differences were resolved
by simultaneous viewing. The expression of MCT4 in the
CRC specimens was evaluated according to the methods
described by Pinheiro er al (13). Sections were scored semi-
quantitatively for the extent of immunoreaction as follows:
0, 0% immunoreactive cells; 1, <5% immunoreactive cells;
2, 5-50% immunoreactive cells; and 3, >50% immunoreactive
cells. In addition, the intensity of staining was scored semi-
quantitatively as 0, negative; 1, weak; 2, intermediate; and
3, strong. The final immunoreactions score was defined as the
sum of both parameters (extension and intensity), and samples
were grouped as negative (0), weak staining (1-2), moderate
staining (3) and strong staining (4-6). For statistical purposes,
only moderate and strong final immunoreaction scores were
considered to be positive. The other final scores were consid-
ered to be negative.

Clinicopathological assessment. The tumors were staged by
two pathologists, who had no prior knowledge of the results of
the assays, according to UICC TNM classifications 7th edition
(18). Clinicopathological factors, such as age, gender, tumor

Table I. Patient characteristics.

No. of patients 105
Gender (M/F) 59/46
Age (years; mean + SD) 65.3+12.1
Tumor size (cm; mean + SD) 53+2.1
Histological type

Differentiated 99

Undifferentiated 6
Depth of invasion

T1/T2/T3/T4a/T4b 1/19/40/17/28
Lymph node metastasis (-/+) 50/55
Distant metastasis (-/+) 82/23
TNM stage

/I/MIyIv 17/31/34/23
Lymphatic invasion (weak/strong) 64/41
Venous invasion (-/+) 62/43

The weak group of lymphatic invasion indicated score 0 and 1, and
the strong group indicated score 2 and 3 by the Japan Classification
of Colorectal Cancer.

size, histological type, depth of invasion, lymph node metas-
tasis, distant metastasis and TNM staging, were analyzed for
an association with MCT4 expression.

Statistical analysis. The relationships between the parameters
were also statistically assessed using the Chi-square test
with the Stat View-J statistical package (version 5.0; SAS
Institute, Inc., Cary, NC, USA). The Kaplan-Meier method
was applied to determine survival, and statistical significance
was calculated using the log-rank test. Both univariate and
multivariate analyses of survival were conducted using the
Cox proportional hazards model. Since the number of patients
with TNM stage IV was the same as the number of patients
with distant metastasis, distant metastasis was excluded as a
variable from the multivariate analysis. Statistical significance
was established at p<0.05.

Results

Table I shows the profiles of the 105 patients diagnosed with
primary CRC recruited for the present study.

THC staining of endogenous MCT4 was performed on
105 CRC specimens. Expression of MCT4 was mainly
observed on the plasma membrane of the normal colonic
mucosa (Fig. 1). Positive signals for MCT4 were mainly
observed on the plasma membrane and slightly observed in
the cytoplasm in the cancer cells (Fig. 2A). The MCT4 expres-
sion on the plasma membrane was graded as weak in 49.5% of
all cases, moderate in 8.6% and strong in 41.9% of all cases,
and none of the patients had negative staining. A total of 53
(50.5%) of the 105 patients with CRC were determined to have
positive MCT4 expression, and 52 cases (49.5%) had negative
MCTH4 expression.

According to the evaluation of the MCT4 immunostaining,
the expression of MCT4 was found to significantly correlate
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Figure 2. Immunohistochemical staining of MCT4 in colorectal cancer.
(A) Positive expression (final score 6) of MCT4; (B) negative expression
(final score 0) of MCT4.

with the tumor size, depth of invasion, lymph node metastasis,
distant metastasis and TNM staging. However, the expression
of MCT4 did not correlate with age, gender or histopatho-
logical type (Table II).

The results of the Kaplan-Meier analyses for overall
survival based on MCT4 expression are shown in Fig. 3.
The median follow-up time was 71 months (range 1.4-115.9).
The survival rate of the patients who had negative MCT4
expression was significantly higher than that of patients with
positive MCT4 expression (5-year survival rate, 88.2 vs. 55%,
p=0.0001; Fig. 3).

Univariate analysis indicated that the TNM stage, depth
of invasion, presence of lymph node metastasis, presence of
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Table II. Association between the expression of MCT4 and
clinicopathological factors of all patients with colorectal
cancer.

MCTH4 expression  p-value
Negative  Positive
Age (years) 0.7763
Young 24 23
Old 28 30
Gender 0.7587
Male 30 29
Female 22 24
Tumor size (cm) 0.0220
Small 36 25
Large 16 28
Histological type 0.9808
Differentiated 49 50
Undifferentiated 3 3
Depth of invasion (T) 0.0096
<T4a 44 33
T4b 8 20
Lymph node metastasis (N) 0.0148
) 31 19
+) 21 34
Distant metastasis (M) 0.0110
) 46 36
) 6 17
TNM stage 0.0110
I, 1L, 11 46 36
v 6 17
Lymphatic invasion 0.0850
Weak 36 28
Strong 16 25
Venous invasion 0.3623
) 33 29
) 19 24

The patients were divided into young and old groups of age assessed
with the mean value of 65.3 years as the cut-off value. The patients
were divided into small and large tumor groups assessed with the
mean value of 5.3 cm in diameter as the cut-off value. The weak
group of lymphatic invasion indicated score 0 and 1, and the strong
group indicated score 2 and 3 by the Japan Classification of Colorectal
Cancer.

distant metastasis, MCT4 expression and histological type
were significant prognostic factors for CRC (Table III). As the
data for TNM staging were related to the presence of distant
metastasis, the data for the distant metastasis were omitted
from the multivariate analysis.

Therefore, the multivariate analysis indicated that the
TNM stage, lymph node metastasis and MCT4 expression
were significant prognostic factors for patients with CRC
(Table IV).
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Figure 3. The prognostic significance of MCT4 expression was analyzed
using the Kaplan-Meier method in the patients with colorectal cancer (n=105).
The patients were divided into negative and positive groups according to the
previous classification. The patients in the MCT4-negative group showed a
significantly more favorable prognosis in comparison to those in the MCT4-
positive group (p=0.0001).

Discussion

Only a few studies that have evaluated the ITHC expression of
MCTH4 in cancer specimens have been reported (11-13). In the
present study, we demonstrated that 53 (50.5%) of 105 patients
with CRC were clearly determined to have positive MCT4
expression, and 52 cases (49.5%) had negative MCT4 expres-
sion (no or weak IHC staining) on the plasma membrane. The
other reports indicated controversial results concerning the
[HC expression of MCT4 in CRC (11-13). One report indicated
an absence of MCT4 expression in CRC (11), while another
report indicated the presence of weak MCT4 expression in the
tumor environment (12). The third report indicated that 96% of
126 patients with CRC were determined to have positive MCT4
expression in the cytoplasm or on the plasma membrane, and
38.1% of 126 patients were determined to have positive expres-
sion on the plasma membrane (13). These discrepancies may
be due to the different antibodies which were used in these
studies. Cellular protein recognized by our antibody against
MCT4 was completely abolished by transfection of two
different types of specific MCT4 siRNA (14).

Table III. Univariate analysis of the clinicopathological factors
and the expression of MCT4 in patients with colorectal cancer.

Factor p-value of

univariate analysis

TNM stage (I, I1, III vs. IV) <0.0001
T (T1,T2,T3, T4a vs. T4b) <0.0001
N (- vs. +) <0.0001
M (- vs. +) <0.0001

Lymphatic invasion (weak vs. strong) <0.0001

Venous invasion (- vs. +) <0.0001

MCTH4 expression (negative vs. positive) 0.0001

Histological type (diff. vs. undiff.) 0.0003

Gender (M vs. F) 0.0936

Tumor size (small vs. large) 0.3086

Age (young vs. old) 0.5735

The patients were divided into young and old groups of age assessed
with the mean value of 65.3 years as the cut-off value. The patients
were divided into small and large tumor groups assessed with the mean
value of 5.3 cm in diameter as the cut-off value. The weak group of
lymphatic invasion indicated score 0 and 1, and the strong group indi-
cated score 2 and 3 by the Japan Classification of Colorectal Cancer.

Our study indicated that positive MCT4 expression on the
plasma membrane significantly correlated with tumor size,
depth of invasion, lymph node metastasis, distant metastasis
and TNM staging. However, positive MCT4 expression did not
correlate with age, gender, lymphatic invasion, venous invasion
or the histopathological type (Table II). These data indicate
that positive MCT4 expression on the plasma membrane may
reflect the tumor progression in CRC. Several studies have
indicated that the behavior of cancer cells which express MCT4
is different from cells not expressing MCT4. According to an
experimental study using lung cancer cell lines, the invasion of
the lung cancer cells was reduced by knockdown of MCT4 using
MCTH4 siRNA (14). Gallagher et al indicated that the silencing
of MCT4 in MDA-MB-231 cells impaired their migration (19).

Table I'V. Multivariate analysis of the clinicopathological factors and the expression of MCT4 in patients with colorectal cancer.

Factor p-value Hazard ratio 95% CI

TNM stage (I, IL, I1I vs. IV) <0.0001 0.108 0.040-0.290
N (- vs. +) 0.0120 0.124 0.024-0.632
MCT4 expression (negative vs. positive) 0.0201 3.163 1.198-8.356
Histological type (diff. vs. undiff.) 0.1302 0.438 0.150-1.276
Venous invasion (- vs. +) 0.1820 0.544 0.223-1.330
T (T1,T2, T3, T4a vs. T4b) 0.7348 1.160 0.491-2.744
Lymphatic invasion (weak vs. strong) 0.8877 0.934 0.361-2.417

The weak group of lymphatic invasion indicated score 0 and 1, and the strong group indicated score 2 and 3 by the Japan Classification of

Colorectal Cancer.
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Since lactate is co-transported out of the cells with a proton,
silencing MCT would be expected to decrease the intracellular
pH and increase the extracellular pH. Integrin-mediated cell
migration is pH-sensitive, and is inhibited by alkalization of
the extracellular environment (20,21). Therefore, these studies
indicated that a high expression of MCT4 may induce tumor
progression.

Our study indicated that the TNM stage, depth of invasion,
lymph node metastasis, distant metastasis, MCT4 expression,
lymphatic invasion, venous invasion and histological type were
significant prognostic factors by univariate analysis (Table III).
Moreover, multivariate analysis indicated that the TNM stage,
lymph node metastasis and MCT4 expression were significant
prognostic factors for patients with CRC (Table 1V). These
data indicate that positive MCT4 expression on the plasma
membrane correlates with the tumor progression of CRC and
the poor survival of patients with CRC.

The accumulation of lactate within tumors has been
reported to be associated with a poor clinical outcome (22,23).
It is well established that increased rates of glycolysis in
hypoxia are associated with greater expression of glycolytic
enzymes, including the glucose transporter, Glut-1, due to a
transcriptional mechanism involving a hypoxia inducible
factor (HIF-1a) (24). Ullah er al indicated that MCT4, like
other glycolytic enzymes, is up-regulated by hypoxia through a
HIF-1la-mediated mechanism (25). Chronic hypobaric hypoxia
has been reported to up-regulate MCT4, but not MCT]1, in rat
skeletal muscle (26), zebra fish gills (27) and certain tumor
cells (28), at least in part, through a transcriptional mechanism.
These studies suggest that the accumulation of lactate within
tumors up-regulates MCT4 through a HIF-1a-mediated mech-
anism and that this correlates with a poor clinical outcome.

Certain studies have indicated the relationship between
MCT4 and drug resistance. Overexpression of CD44v3-10,
MDRI1 and MCT4 was found in most primary prostate cancer
tissues, and was significantly associated with prostate cancer
progression (29). Another study indicated that the overex-
pression of CD147, MCT1 and MCT4 is correlated with the
progression of epithelial ovarian cancer (EOC) (30). This
suggests that the overexpression of MCT1/MCT4 is related to
drug resistance during EOC metastasis, and that these proteins
could be useful therapeutic targets to prevent the development
of incurable, recurrent and drug-resistant EOC (30). These
studies indicate that the overexpression of MCT4 may be
related to drug-resistance through induction of the expression
of MDR.

Many inhibitors of the MCT family have been reported
(31). DDS is an anion transporter inhibitor and suppresses
the function of all proteins in the MCT family. Quercetin
and simvastatin inhibit human MCT1 and human MCT4,
respectively. Simvastatin has been studied for the treatment of
several malignancies, such as colon cancer, prostate cancer and
chronic lymphocytic leukemia (32-35). In fact, a phase II study
of simvastatin plus irinotecan, 5-fluoruracil and leucovorin as
first-line chemotherapy has been carried out (33).

The mechanisms of MCT4 regulation are not fully under-
stood. However, the regulation of MCT4 expression may be
important, since CRC patients with negative MCT4 immuno-
staining had a more favorable prognosis. More extensive studies
concerning the regulation of MCT4 are therefore required.
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