
Abstract. The loss of a DNA mismatch repair occurs in ~15%
of sporadic colorectal cancer (CRC) and is usually caused by
the lack of expression of the hMLH1 gene due to promoter
methylation. Despite undergoing adjuvant 5-fluorouracil
(5-FU) therapy after a curative surgical resection, some
patients with advanced-stage CRC develop recurrence. In the
present study, we investigated whether the hMLH1 mRNA
expression or promoter methylation is a prognostic factor in
CRC patients treated with adjuvant 5-FU. The hMLH1 mRNA
expression levels were measured by quantitative reverse
transcription PCR in cancer and normal epithelial cells that
were obtained from 94 CRC patients using a laser capture
microdissection. Then, the methylation status of the hMLH1
promoter in the CRC tissues was examined by methylation-
specific PCR. The hMLH1 mRNA expression levels were
significantly lower in the cancer cells than in the normal
mucosa (p<0.01) and the hMLH1 mRNA expression levels in
the cancer cells were significantly lower in the CRC tissues
with methylated versus unmethylated hMLH1 (p<0.01) in the
94 patients. Among the 35 patients receiving adjuvant 5-FU,
the disease-free survival rate was significantly better in the
patients demonstrating a low hMLH1 mRNA expression in the
cancer cells in comparison to that of the patients with a high
hMLH1 mRNA expression (p<0.01). Moreover, a multivariate
analysis revealed that hMLH1 mRNA expression was a
significant independent prognostic factor for tumor recurrence

in CRC patients treated with adjuvant 5-FU. However,
hMLH1 methylation was not correlated with the survival in
these 35 patients. These data suggest that the hMLH1 mRNA
quantitation in colorectal cancer cells may be helpful for
evaluating the prognosis of CRC patients receiving 5-FU-based
adjuvant chemotherapy after a surgical resection.

Introduction

Colorectal cancer (CRC) is one of the most common
malignancies worldwide. Despite major advances in the
diagnosis and treatment of CRC, the mortality has changed
very little over the last three decades (1). Some patients
develop a local or distant tumor recurrence even if a curative
resection of the primary tumor is performed. The recurrence
rate is significantly reduced using adjuvant treatment with
5-fluorouracil (5-FU), nevertheless, <30% of patients
receiving adjuvant treatment still develop tumor recurrence
within 5 years (2,3).

There are at least two recognized pathways of colorectal
carcinogenesis. The most common pathway, microsatellite
stable (MSS), accounts for ~85% of sporadic CRCs, while
the microsatellite instability-high (MSI-H) pathway accounts
for ~15% of sporadic CRCs and is the alternate pathway of
colorectal carcinogenesis (4-6). In the MSS pathway, tumors
with chromosomal instability show frequent aneuploidy, as
well as an allelic imbalance resulting in the inactivation of the
tumor suppressor genes and mutations in the oncogenes (7-9).
Microsatellite instability (MSI) is defined as a novel-length
allele within a tumor, which is absent in the normal tissue and
is considered to be a biomarker of DNA mismatch repair
(MMR) deficiency. A defective DNA MMR system leads to
an accumulation of somatic alterations in the coding and
non-coding regions with nucleotide repeat sequences (10). In
hereditary non-polyposis colon cancer (HNPCC), MSI has
been attributed to mutations in the loci coding for hMLH1 or
hMSH2, the two of which are important regulators of the
MMR system (11,12). The defect of the MMR system in
sporadic CRC is generally caused by promoter hyper-
methylation of the hMLH1 gene, which in turn results in
transcriptional silencing, thus leading to MSI (13,14). MSI
has been studied as a hallmark of hMLH1 deficiency in
sporadic CRCs. The MSI status in CRC specimens has also
been investigated in relation to the patient prognosis or the
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sensitivity to 5-FU therapy. It has been widely reported that
CRC patients with MSI-H confer more favorable outcomes
and a higher sensitivity to chemotherapy by 5-FU, in
comparison to those with MSS (15,16). Moreover, MMR-
deficient CRC is reported to have a better prognosis than
MMR-competent cancer (17). However, several studies have
demonstrated the controversial relationship between MMR
expression and patient prognosis (18,19). Therefore, whether
or not MMR expression is a critical determinant for the
prognosis of patients with CRC still remains to be elucidated.

In the present study, we quantitatively analyzed the
hMLH1 mRNA expression in the resected cancer tissues
from CRC patients, who received 5-FU-based adjuvant
chemotherapy. Furthermore, we investigated the methylation
status of the hMLH1 gene in DNA from the CRC tissues.
Then, the relationship between the hMLH1 mRNA level or the
methylation status and tumor recurrence was analyzed. We
herein report that, among the patients receiving 5-FU-based
adjuvant chemotherapy, the patients with low hMLH1 mRNA
expression levels in the colorectal cancer cells had a
significantly longer disease-free survival than the patients with
high hMLH1 levels.

Materials and methods

Patients and tissue samples. We studied the colorectal cancer
tissue and adjacent normal mucosa specimens from 94
patients who underwent surgical resections at the Department
of Surgery, Saga University Hospital from December 1999 to
August 2005. Informed consent for the use of the tissues was
obtained from each of the patients. They consisted of 60
males and 34 females and the mean age was 68.2 years
(ranging from 40 to 87 years). A total of 94 patients underwent
a surgical resection with curative intent. A concomitant
hepatic resection was performed with eight of the resections.
Among the 94 patients, 35 patients with Dukes' stage C or D
received 5-FU-based adjuvant chemotherapy after the
surgical resection. The remaining 59 patients with Dukes'
stage A or B did not receive such chemotherapy. The
treatment consisted of intravenous fluorouracil or oral
fluoropyrimidine and leucovorin. The mean administration
time was 9.2 months, and the mean follow-up time was
26.1 months. The tumors were large enough to provide
adequate amounts of tissues for a genetic analysis without
compromising the pathological diagnosis. The tissue
specimens from the non-necrotic areas of the tumor and from
the adjacent normal mucosa were placed on ice immediately
upon removal from the patient and then frozen at -80˚C until
the DNA and RNA could be extracted from them. Each of the
94 tissue specimens were histologically confirmed to be
adenocarcinoma of the colon and rectum. The degree of
lymphatic invasion and venous invasion were graded into four
groups (20): none, which included no evidence of vessel
permeation by the tumor cells; mild, which involved the
possible or doubtful presence of vessel permeation; moderate,
which contained the definite presence of permeation to a few
vessels; and marked, which comprised of the definite
presence of permeation to many vessels. ‘None’ was graded
as lymphatic (ly) or venous (v) ‘negative’ and ‘mild’ to
‘marked’ were graded as ly or v ‘positive’.

Microdissection and RNA extraction. Laser capture
microdissection was used to isolate the cancer foci, since
certain colorectal cancers are extensively contaminated with
adjacent normal cells. Serial 10-μm sections were cut from the
frozen tissue specimens and mounted on slides. The slides
were then stained with hematoxylin and eosin and a coverslip
was placed on one slide from each tumor and normal mucosa.
The slides with coverslips were used to localize the lesions of
interest for microdissection on the other slides. Using the laser
capture microdissection system (PixCell II e Microscope,
Arcturus Engineering, Mountain View, CA, USA) and the
guidance of a pathologist, 2,000-3,000 cells were isolated
from one or two sections of each tumor, then the RNA was
extracted from the isolated cells with a PicoPure™ RNA
isolation kit (Arcturus).

Quantitative reverse transcription-polymerase chain reaction.
The RNA samples were converted into cDNA by reverse
transcriptase using a cDNA synthesis kit 1st strand with AMV
reverse transcriptase (Takara Biochemicals, Shiga, Japan)
according to the manufacturer's instructions. In order to
quantitatively estimate the expression level of the hMLH1
mRNA, polymerase chain reaction amplification was
performed on a Light-Cycler™ instrument system (Roche,
Mannheim, Germany) using the Light-Cycler-FastStart DNA
Master™ SYBR-Green I kit (Roche) according to the
manufacturer's instructions. After a denaturing step at 95˚C for
3 min, PCR amplification was performed with 50 cycles of
15 sec denaturing at 95˚C, 5 sec annealing at 60˚C and a 10 sec
extension at 72˚C. Melting curves were obtained according to
the protocol under the following conditions: 0 sec denaturation
period at 95˚C, starting temperature of 65˚C, ending
temperature of 95˚C and a rate of temperature increase of
0.1˚C/sec. The sequences of the PCR primer pair were 5'-AAC
TGCAGTCCTTTGAGGAT-3' and 5'-CCATCAGCTGTT
TTCGTTGT-3' for hMLH1 and 5'-TTAAGGAGAAGCTGT
GCTACG-3' and 5'-GTTGAAGGTAGTTTCGTGGAT-3'
for ß-actin (as an internal control). These experiments were
carried out in triplicate and the mean value was then
calculated. The quantitative value was normalized by the
ß-actin expression. The mean relative value of the 94 patients
was estimated as a cut-off value, which was obtained by
dividing the 94 tissue specimens into either high or low
hMLH1 expression groups.

Methylation analysis. Genomic DNA from the tissue samples
was isolated using an EZ1 DNA tissue kit (Qiagen, Hilden,
Germany). The methylation status of the hMLH1 promoter
was determined by methylation-specific PCR (MSP), as
previously described (21). Briefly, 1 μg of DNA was subjected
to a urea/bisulfite treatment according to the method of
Paulin et al (22), in which the unmethylated cytosines are
converted to uracils. Then, 1 μl of modified DNA was
subjected to PCR using Hot Start Ex Taq DNA polymerase
(Takara Biochemicals) with the primers designed to recognize
the bisulfite-induced uracil from the unmethylated cytosines,
as previously described (21). The primer sequences were
5'-ACGTAGACGTTTTATTAGGGTCGC-3' and 5'-CCTC
ATCGTAACTACCCGCG-3' for the methylated hMLH1 and
5'-TTTTGATGTAGATGTTTTATTAGGGTTGT-3' and
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5'-ACCACCTCATCATAACTACCCACA-3' for the un-
methylated hMLH1. The conditions for PCR amplification
were as follows: 96˚C for 3 min; 35 cycles at 96˚C for 30 sec,
60˚C for 30 sec and 72˚C for 30 sec; and finally, 4 min at
72˚C. The PCR products were separated on 1.5% agarose gels.
In vitro methylated DNA (Intergen, Purchase, NY, USA) was
used as a positive control for methylation and DNA from the
normal lymphocytes was used as a negative control for
methylation. Water without template DNA was used as a
negative control. Each MSP was repeated at least twice.

Statistical analysis. A statistical analysis was performed using
the StatView™ version 5.0 software program (SAS Institute
Inc., Cary, NC, USA). The differences in frequencies were
analyzed with the Fisher's exact test or the χ2 test and the
differences in means were evaluated by the Mann-Whitney
U test. The survival rates were calculated by the Kaplan-Meier
method and the differences between the individual rates were
evaluated by the log-rank test. In order to elucidate the risk
factor for tumor recurrence, a multivariate analysis was
performed using the logistic regression model. Tumor
recurrence, which occurred within 20 months after surgery,
was considered as ‘recurrence present’. A P-value <0.05 was
considered to be statistically significant.

Results

The hMLH1 expression in microdissected cancer cells and
normal mucosa. For each of the 94 patients, the mean relative
hMLH1 mRNA expression level was 7.3x10-2 in the cancer
cells and 14.1x10-2 in the adjacent normal mucosa. As shown
in Fig. 1, the relative hMLH1 mRNA expression levels were
significantly lower in the cancer cells than in the normal
mucosa (p<0.01).

Relationship between the relative hMLH1 expression level and
the methylation status of the hMLH1 promoter in colorectal
cancer tissue. For each of the 94 patients, the mean relative

hMLH1 mRNA expression level in the cancer cells was
3.5x10-2 and 8.2x10-2 in the colorectal cancer tissue with
methylated or unmethylated hMLH1 promoters, respectively.
The relative hMLH1 mRNA expression levels in the cancer
cells were significantly lower in the colorectal cancer tissue
with methylated versus unmethylated hMLH1 promoters
(p<0.01) (Fig. 2).

Correlations between hMLH1 expression and the clinico-
pathological features in patients with colorectal cancer. The
comparative studies, which examined the hMLH1 mRNA
expression in cancer cells and the clinicopathological features
in the 94 patients are summarized in Table I. No correlation
was found in the hMLH1 mRNA expression level with
various factors such as age, gender, location, primary tumor,
lymph node metastasis, distant metastasis, histological type
and Dukes' stages. We then examined the relationship between
the hMLH1 mRNA expression level and the clinico-
pathological features in 35 patients with Dukes' stage C or D,
who received 5-FU-based adjuvant chemotherapy after a
surgical resection (Table II). Among these patients, the hMLH1
expression level was significantly associated with v (venous
invasion) (p=0.012) and tumor recurrence (within 20 months
after surgery) (p<0.01). No correlation was found in the
hMLH1 expression level with other factors such as age,
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Table I. Relationship between hMLHI expression and patient
characteristics.
–––––––––––––––––––––––––––––––––––––––––––––––––

hMLH1
–––––––––––––––

Factors High Low P-value
(n=25) (n=69)

–––––––––––––––––––––––––––––––––––––––––––––––––
Age (years) 0.526
≤60 7 15
>60 18 54

Gender 0.613
Male 17 43
Female 8 26

Location 0.609
Right (C, A, T) 9 21
Left (D, S, RS, R) 16 48

Primary tumor 0.644
T1-T2 5 11
T3-T4 20 58

Lymph node metastasis 0.838
Positive 14 37
Negative 11 32

Distant metastasis 0.757
Positive 2 9
Negative 23 60

Histological type 0.599
Tubl/tub2 24 62
Others 1 7

Dukes' stage 0.964
A-B 11 30
C-D 14 39

–––––––––––––––––––––––––––––––––––––––––––––––––

Figure 1. Relative hMLH1 mRNA expression levels estimated in cancer cells
and adjacent normal mucosa.
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gender, location, histological type, ly (lymphatic vessel
invasion), primary tumor, lymph node metastasis, distant
metastasis, cancers of multiple organs and mean administration
time.

Associations between hMLH1 expression or methylation
status of the hMLH1 promoter and the survival of colorectal
cancer patients receiving adjuvant chemotherapy after a
surgical resection. Among the 35 colorectal cancer patients
receiving 5-FU-based adjuvant chemotherapy after a surgical
resection, there was no significant correlation between either
the hMLH1 mRNA expression in the cancer cells or the
methylation status of the hMLH1 promoter in the colorectal
cancer tissue and the overall survival rate (data not shown).
However, the disease-free survival rate in these 35 patients

demonstrated that the high hMLH1 mRNA expression in the
cancer cells was significantly worse than that of the patients
with the low hMLH1 mRNA expression (p<0.01) (Fig. 3). In
addition, a multivariate analysis revealed the hMLH1 mRNA
expression to be a significant independent risk factor for tumor
recurrence (within 20 months after surgery) in the colorectal
cancer patients receiving 5-FU-based adjuvant chemotherapy
after a surgical resection (p=0.015). The relationship between
the methylation status of the hMLH1 promoter in the colorectal
cancer tissue and the disease-free survival rate did not
demonstrate any statistical significance (Fig. 4).
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Figure 3. Disease-free survival rate by the hMLH1 mRNA expression levels in
cancer cells.

Figure 2. Relationship between the relative hMLH1 mRNA expression
levels and the methylation status of the hMLH1 promoter in colorectal cancer
tissue. M, Methylated; U, unmethylated.

Table II. Relationship between hMLHI expression and
clinicopathological features in patients receiving adjuvant
chemotherapy.
–––––––––––––––––––––––––––––––––––––––––––––––––

hMLH1
––––––––––––

Factors High Low P-value
(n=8) (n=27)

–––––––––––––––––––––––––––––––––––––––––––––––––
Age (years) 0.133
≤60 5 7
>60 3 20

Gender 0.109
Male 8 17
Female 0 10

Location 0.742
Right (C, A, T) 7 20
Left (D, S, RS, R) 1 7

Histological type 0.774
Tubl/tub2 8 24
Others 0 3

Lymphatic vessel invasion (ly) 0.344
Positive 8 21
Negative 0 6

Venous invasion (v) 0.012
Positive 7 8
Negative 1 19

Primary tumor 0.774
T1-T2 0 3
T3-T4 8 24

Lymph node metastasis 0.588
Positive 8 23
Negative 0 4

Distant metastasis 0.764
Positive 0 4
Negative 8 23

Cancers of multiple organs 0.344
Present 0 6
Absent 8 21

Recurrence <0.01
Present 5 1
Absent 3 26

Mean administration time >0.999
(months) 10.4 8.9
–––––––––––––––––––––––––––––––––––––––––––––––––
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Discussion

Surgical resection has been mainly performed on patients with
CRC and has contributed to constantly decreasing death
rates. In addition, 5-FU-based adjuvant chemotherapy is the
standard treatment after surgery for advanced-stage CRC, such
as International Union Against Cancer (UICC) stage III colon
cancer and UICC stage II and III rectal cancer. Although the
recurrence rate is reduced using this adjuvant treatment, the
survival advantage accounts for only 10-20% (23). It would
therefore be desirable to identify those patients who are likely
to benefit from adjuvant 5-FU treatment before the initiation of
such therapy. Studies have revealed that a low TS, low DPD
and high OPRT expression, which are all 5-FU-related
metabolic enzymes, predict an increased effectiveness of 5-FU
therapy (24-26). However, the relationship between the MSI-H
and the sensitivity to 5-FU has not yet been fully demonstrated.
In our study, we investigated whether the expression level of
hMLH1 mRNA or the methylation status of this gene is
associated with the prognosis of CRC patients treated with
adjuvant 5-FU after surgery.

In order to retrospectively examine the prognostic
relevance of hMLH1 mRNA expression to the survival of

CRC patients, we established a method which enabled us to
quantify the gene expression from fresh-frozen tissues using
laser capture microdissection (LCM). Of the 94 patients, the
relative hMLH1 mRNA expression levels were significantly
lower in the cancer cells than in the normal mucosa (p<0.01)
and we found a significant correlation between the quantity of
hMLH1 mRNA and the methylation status in the 94 colorectal
cancer tissues (P<0.01) (Fig. 2). The methylated hMLH1
promoter in the CRC tissues was found in 14 of the 94 patients
(14.9%). These results indicate that a low hMLH1 mRNA
expression may be caused by promoter hypermethylation of
the hMLH1 gene. Previous studies have shown that an MSI-H
incidence of ~15-20%, which was similar to the population of
hMLH1 methylation in this study, has been observed in
sporadic CRCs (6). Taken together, the hMLH1 promoter
methylation results in the suppressed mRNA expression of this
gene. These sequential events may cause MSI-H in sporadic
CRCs.

In a multivariate analysis of CRC patients who received
adjuvant 5-FU therapy, we demonstrated for the first time that
the hMLH1 mRNA expression level in cancer cells is an
independent factor determining tumor recurrence (Table III).
Regarding the disease-free survival rate, a low hMLH1 level
was associated with a longer survival in the 35 CRC
patients who received adjuvant therapy. Hemminki et al (5)
studied a group of 95 stage III CRC patients prospectively. In
this literature, the 3-year disease-free survival rate was
significantly higher for the MSI-H patients (n=11), where it
amounted to 90%, than for the MSS patients (n=84).
Elsaleh et al retrospectively analyzed 656 consecutive patients
with stage III CRC with a median follow-up of 54 months.
The authors found that the patients with MSI-H tumors had a
90% chance of survival at the end of the study when they
received 5-FU-based chemotherapy, in comparison to a 35%
survival when no chemotherapy was administered (18). In
palliative first-line treatment, it has been reported that MSI-H
CRCs may have a better response to 5-FU therapy and
survival than MSS CRCs (27). These reports support our
belief that the low hMLH1 expression in the colorectal cancer
cells resulted in a better survival and lower recurrence rate
after 5-FU-based chemotherapy.

In contrast, several clinical studies have not found any
differences in the chemotherapy response between patients
with MMR-deficient and competent tumors (17). Other
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Figure 4. Disease-free survival rate by the methylation status of the hMLH1
promoter in colorectal cancer tissue.

Table III. Logistic regression analysis for risk factor contributing tumor recurrence in patients receiving adjuvant chemotherapy.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Univariate Multivariate
––––––––––––––––––––––––––––––––––––––––––––––––––––

Variables P-value Risk ratio 95% CI P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
hMLHI
High 0.008 3.397 1.928-462.8 0.015
Low

Venous invasion (v)
Positive 0.027 0.753 0.115-39.09 0.612
Negative

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
CI, Confidence interval.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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studies have found a better prognosis in patients with MSS or
low-frequency microsatellite instability (MSI-L) who received
adjuvant 5-FU-based chemotherapy (15,16). Therefore, the
clinical evidence on survival or sensitivity to 5-FU therapy in
MSI-H CRCs is conflicting and undetermined. Taken
together, the assessment of the MMR expression level,
which directly affects the MSI status, is suggested to solve the
controversy described above. In our study, we quantitatively
analyzed the hMLH1 mRNA from the cancer cells isolated by
LCM and showed a significant association between the
hMLH1 mRNA level and patient prognosis. This finding
directly indicated that the assessment of the hMLH1
expression level in primary CRCs may predict tumor
recurrence after 5-FU-based adjuvant chemotherapy.
However, we observed no significant relationship between
the methylation status of the hMLH1 promoter and the
survival rate in the 35 colorectal cancer tissues with Dukes'
stage C or D (Fig. 4). In the remaining 59 patients with
Dukes' stage A or B, the low hMLH1 expression showed a
statistically significant correlation with the hMLH1
methylation (p=0.029) (data not shown). These results
suggest that another mechanism, such as genetic mutation or
deletion of the hMLH1 gene, may occur in advanced CRC
with Dukes' stage C or D.

To our knowledge, this study showed the first evidence
regarding the relationship between the recurrence-free
survival rate after 5-FU treatment and the expression level of
the hMLH1 gene. In order to clarify whether or not low
hMLH1 expression contributes to the sensitivity to 5-FU, a
comparative study between chemotherapy and surgery
groups alone should be performed in CRC patients with
Dukes' stage C or D. At present, only nine of the patients
underwent surgery alone and such a comparison could not
reach statistical relevance (data not shown). If the larger
number of patients who did not receive adjuvant therapy
would be taken into account, our study would emphasize the
implication of the hMLH1 expression in the sensitivity to 5-FU
treatment. In the future, more randomized control trials will
be required in order to assess the significance of hMLH1
mRNA expression in the effectiveness of 5-FU-based
treatment.

In conclusion, our study indicates that the quantitation of
hMLH1 mRNA expression level in colorectal cancer cells
may be useful in predicting the prognosis of CRC patients
receiving 5-FU-based adjuvant chemotherapy after surgery. It
may subsequently lead to an individualized and optimized
cancer treatment based on the molecular characteristics of the
types of tumors involved in CRCs.
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