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Abstract. Lynch syndrome is an autosomal dominant colo-
rectal cancer susceptibility syndrome caused by a dysfunction 
of DNA mismatch repair genes, including MLH1, MSH2, 
MSH6 and PMS2. However, the interpretation of certain 
changes in the mismatch repair genes is perplexing, as these 
changes do not necessarily affect the function of the protein. 
The pathogenicity of the hMLH1 1151T→A variant, which 
results in an amino-acid substitution of valine for aspartic acid 
at codon 384 (V384D), is also controversial. This study was 
undertaken to assess the clinicopathological features of colo-
rectal cancer patients harboring the hMLH1 V384D variant. 
Two independent Japanese cohorts, comprising 670 colorectal 
cancer patients and 332 cancer-free controls, respectively, 
were genotyped by polymerase chain reaction (PCR)-RFLP. 
The allele frequency of V384D was 0.75% in the control group 
and 3.1% in the colorectal cancer group (p<0.001). Thus, 
the V384D variant was associated with increased colorectal 
cancer susceptibility. However, only 5% of the colorectal 
cancer patients carrying the V384D variant had high micro-
satellite instability; most had microsatellite-stable cancer. 
Additionally, these patients had no clear familial history of 
Lynch syndrome-related tumors. The combined results indicate 
that hMLH1 V384D allele frequency was 4.1-fold higher in the 
colorectal cancer group than in the control group. Thus, the 
hMLH1 V384D variant may contribute to the development of 
microsatellite-instable as well as -stable colorectal cancer.

Introduction

Lynch syndrome, also called hereditary non-polyposis colorectal 
cancer (HNPCC), is one of the most common hereditary cancer 
susceptibility disorders. It has an autosomal dominant mode 
of inheritance, and entails an increased risk of developing a 
variety of cancers, including colorectal, endometrial, stomach, 
ovarian, small-bowel, ureteral, renal pelvis and hepatobiliary 
cancer (1). The syndrome is caused by inactivating mutations 
of the DNA mismatch repair (MMR) genes hMLH1, hMSH2, 
hMSH6 and hPMS2; the most common mutations arise in 
hMSH2 and hMLH1 (2-6). Dysfunction of the DNA MMR 
system accelerates the accumulation of mutations and changes 
in the length of simple and repetitive sequences ubiquitously 
throughout the genome. Cancers with these alterations are 
recognized as microsatellite instability-high (MSI-H) in 
approximately 90% of Lynch syndrome-related colorectal 
cancers (CRCs). Therefore, microsatellite instability (MSI) 
analysis is a very useful method for identifying Lynch syndrome. 
However, approximately 10% of sporadic CRCs are also MSI-H 
(7-10), and most of them fail to express hMLH1 protein as a 
result of the hypermethylation of the promoter of the hMLH1 
gene (11,12). Therefore, the finding of high microsatellite insta-
bility is suggestive of Lynch syndrome, but not diagnostic.

On the other hand, the Amsterdam criteria for suspecting 
Lynch syndrome are based on a family history of at least three 
relatives with Lynch syndrome-associated cancer, one affected 
relative being a first-degree relative of the other two, two 
successive generations being affected, and at least one relative 
having been affected at under 50 years of age (13). Although 
these criteria are stringent, their sensitivity and specificity are 
too low. The less stringent Bethesda guidelines for suspecting 
Lynch syndrome have been proposed to help select patients for 
MSI testing (14). The final diagnosis of Lynch syndrome is 
based on the presence of a germ-line mutation in an MMR 
gene.

However, searching for mutations in the four MMR genes 
is difficult and laborious, and the interpretation of certain changes 
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in the MMR genes is often perplexing, as they do not necessarily 
affect the function of the protein. As a result, phenotype-genotype 
segregation analysis, comparative analysis of amino acids in 
different species, crystal structure analysis, allele frequency 
analysis in the general population and functional analysis, 
among others, have been used in an attempt to assess the 
pathogenic significance of changes in the MMR genes (15-19). 
In the present study, we investigated the clinicopathological 
features of patients with the V384D variant of the hMLH1 
gene in a series of 670 cases of CRC.

Materials and methods

Samples and DNA extraction. Paired specimens of colorectal 
tumors and normal colorectal mucosa from 670 Japanese CRC 
patients and peripheral blood samples from a healthy control 
group of 332 Japanese cancer-free individuals were collected 
with the informed consent of the subjects. Patients who had 
received pre-operative radiotherapy or chemotherapy and 
patients with inflammatory bowel disease or a known his-
tory of familial adenomatous polyposis were excluded. This 
study was approved by the Ethics Committee of the Saitama 
Cancer Center. Fresh representative tissue samples from all 
tumor tissues and normal colorectal mucosa were immediately 
frozen at -80˚C. Genomic DNA was extracted by the standard 
method (20). DNA was extracted from blood specimens using 
the QIAamp DNA Blood Maxi Kit (Quiagen, Valencia, CA, 
USA) according to the manufacturer's instructions.

Clinicopathological analysis. A clinical database was 
prepared, and pathological stage, tumor cell type and tumor 
size were independently determined by pathologists without 
any knowledge regarding microsatellite status or the presence 
of the hMLH1 V384D variant. The χ2 or Fisher's exact test 
was used to assess any differences between the presence and 
absence of the V384D variant in patients with CRC. Statistical 
analyses were performed using the StatView 5.5 program. A 
p-value <0.05 was considered to be statistically significant.

Analysis of microsatellite instability. The microsatellite 
markers used in this study were BAT25, BAT26, D5S346, 
D2S123 and D17S250, recommended by the National Cancer 
Institute Workshop (21). MSI analysis was carried out using a 
fluorescence-based polymerase chain reaction (PCR) technique 
(8). The products were run on an ALF express DNA sequencer 
(Pharmacia Biotech, Uppsala, Sweden), and a subsequent 
analysis was performed using the Allele Links software 
program. Tumors were classified as MSI-H if more than one 
marker showed MSI, and as microsatellite instability-low 
(MSI-L) if only one marker showed MSI. Microsatellite-stable 
(MSS) tumors were characterized by the absence of microsatellite 
instability in all 5 markers. When an MSI marker was found to 
be positive, testing was repeated to confirm the results.

Detection of the V384D variant of hMLH1. To detect the V384D 
variant of hMLH1, exon 12 of the hMLH1 gene was amplified 
by PCR using the primers 5'-ATCCACAACAAGTCTGAC 
CTCG-3' (sense) and 5'-AAGCATCTCCTCATCTTGCTGC-3' 
(antisense). Thermal cycling was initiated by denaturation at 
95˚C for 2 min, followed by 35 three-step cycles at 94˚C for 

30 sec, 60˚C for 45 sec and 72˚C for 30 sec, and then by a final 
incubation for 5 min at 72˚C. The 214-base pair (bp) PCR prod-
ucts were treated with DpnII at 37˚C for 1 h and electrophoresed 
through 3% agarose gel. When the V384D variant was present, 
67 bp and 147 bp fragments were observed (Fig. 1).

Results

Characterization of the patients and tumors. The clinico-
pathological features of the CRC patients, including age at 
diagnosis, gender, tumor size and location, tumor stage and 
histology, are shown in Table I. Comparison with the large 
prospective registry data reviewed by the Japanese Society for 
Cancer of the Colon and Rectum, representative of the Japanese 
population (22), showed that almost all of the features were 
concordant (data not shown). This indicates that our samples 
were representative of the Japanese population (8).

Of the 670 CRC patients, 40 (6.0%) had MSI-H cancers, 
41 (6.1%) had MSI-L cancers and 589 (87.9%) had MSS cancers 
(Table I). Multiple CRC and extracolonic cancers were 
observed in 44 and 75 patients, respectively.

Frequency of the V384D variant in hMLH1. The V384D variant 
was detected in 40 (6.0%) of the 670 CRC patients (39 of whom 
were heterozygous and 1 of whom was homozygous). The 
V384D variant was detected in 5 (1.5%) of the 332 controls, all 
5 of whom were heterozygous (Table II). Thus, the frequency 
of the V384D allele was 4.1-fold higher in the CRC group 
than in the control group (p<0.002). The clinicopathological 
characteristics of the V384D carriers and non-V384D carriers 
are shown in Table III.

The mean age at diagnosis was lower in the V384D carriers 
(61.1 years old) than in the non-V384D carriers (63.4 years old), 
but the difference was not statistically significant (p=0.08). Of 
the 40 V384D carriers, 2 (5.0%) had MSI-H, 4 (10.8%) had 
MSI-L and 34 (81.1%) had MSS cancer. The frequency of MSI-
positive (MSI-H and -L) cancers was higher among the V384D 
carriers than among the non-V384D carriers.

The site of the tumor and the histological findings in the 
V384D carriers and non-V384D carriers were similar; however, 
comparison of their Dukes' stages revealed a higher frequency of 
Dukes' B stage (40.0%) and lower frequency of Dukes' D stage 

Figure 1. PCR-RFLP for the detection of the V384D variant. Exon 12 of the 
hMLH1 gene was amplified by PCR. The 214-bp PCR products were treated 
with DpnII at 37˚C for 1 h and electrophoresed through a 3% agarose gel. 
When the V384D variant was present, 67 and 147 bp fragments were observed. 
Lane 10 shows the results for a V384D homozygote, and lanes 8 and 14 show 
the results for V384D heterozygotes.
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(10.0%) in the V384D carriers. These tumor stage proportions 
are very similar to those of patients with MSI-H CRC (8,23).

Discussion

Lynch syndrome is an autosomal dominant colorectal cancer-
susceptibility syndrome caused by the disfunction of the 
hMLH1, hMSH2, hMSH6 and hPMS2 MMR genes (2-6). 
Microsatellite instability is observed in most Lynch syndrome 
tumors. In the Japan population of this study, we found that the 
allele frequency of the hMLH1 1151T→A variant, which results 
in the amino-acid substitution V384D, was 4.1-fold higher in 
the CRC group than in the control group (p<0.002). Thus, the 
MLH1 1151A variant was associated with CRC susceptibility. 
However, most of the CRCs that developed in the V384D 
carriers demonstrated MSS, and no clear familial history of 
CRC was observed in the patients, in contrast to typical Lynch 
syndrome.

Wang et al reported the results of a study on the hMLH1 
V384D variant among healthy Germans (n=100), German 
CRC patients (n=109), healthy Japanese (n=80) and Chinese 
CRC patients (n=26) (18). They did not detect the MLH1 1151A 
variant in healthy Germans or German patients with familial 
CRC or early-onset CRC, but did detect it in 2.5% of the 
healthy Japanese and 7.7% of the Chinese CRC patients. Thus, 
the frequency of the hMLH1 V384D variant was 3-fold higher 
among the CRC patients than among the healthy individuals; 
however, this difference did not reach statistical signifi-
cance. Moreover, as the authors compared healthy Japanese 
controls and Chinese CRC patients, the genetic backgrounds 
of the populations may have been different. Based on the 
finding of the hMLH1 V384D variant in 2.5% of the healthy 
Japanese controls, the authors concluded that this variant is a 
polymorphism confined to the East-Asian population rather 
than a cancer-susceptibility variant. However, they did not 
analyze phenotype-genotype segregation, clinicopathological 
features or total MMR activity by, for example, performing 
a yeast-based functional assay or an in vitro MMR assay. 
Therefore, the possibility of a cancer-causing variant of 
V384D remains.

On the other hand, a GTT to GAT nucleotide substitution 
at codon 384 replaces the neutral hydrophobic amino-acid 
valine with aspartic acid, an acidic amino-acid with a nega-
tive charge, indicating a change in the structure of the protein. 
However, codon 384 is located in a poorly conserved region 
outside the regions of hMLH1, with well-defined functions, 
ATPase activity at the NH2 terminus and the ability to bind 
hPMS2 at the COOH terminus (24-26).

Fan et al examined the MMR activity of the V384D variant 
based on its interaction with PMS2, and demonstrated a partial 
loss of its MMR activity, thereby suggesting an increased risk 
of gastrointestinal cancer in V384D carriers (16).

Takahashi et al evaluated MMR activity by means of three 
yeast assays (LacZ, GFP and ADE2) and an in vitro MMR 
assay with mismatched heteroduplex DNA, and succeeded in 
developing a functional database for 101 hMLH1 variants (15). 
The MMR activity of the V384D variant in their study was 
found to be 64.8%, determined to be within normal levels, as 
MMR activity of 60% or higher is defined as a normal.

These authors also estimated the MMR activity of the 
hMLH1 415C/D132H variant, which was recently associated 
with an approximately 5-fold increase in CRC susceptibility 
among Israelis, to be 63% (25). The allele frequency of the 
415C variant was reported to be 1.3 % among Israelis, and 
clinicopathological analysis revealed that the average age of CRC 
onset in 415C carriers was 70.1 years, with no gender difference. 
Among the hMLH1 415C patients, 28.6% were found to have a 
first-degree relative with Lynch syndrome-related tumors. Only 
one carrier developed a second primary tumor, while none had 
metachronous CRC. Based on the above findings, in contrast 
to Lynch syndrome, hMLH1 415C carriers do not have a clear 
familial history, but do have an increased risk of sporadic CRC 
without MSI.

In the present study, similar results regarding the hMLH1 
415C/D132H variant in V384D carriers were found; namely, no 
clear differences were apparent between V384D carriers and 
non-carriers in terms of clinicopathological features, such as 
age at diagnosis, gender, tumor site, histology, family history 

Table I. Clinical characteristics of the CRC patients.

	N o. (%)

Gender
    Male	 391	 (58.4)
    Female	 279	 (41.6)

Age (mean ± SD, years)	 63.1±14.3

Size of tumor (mean ± SD, mm)	 46.2±25.8

Site of tumor
    Cecum	 43	 (6.4)
    Ascending colon	   86	 (12.8)
    Transverse colon	 60	 (9.0)
    Descending colon	 24	 (3.6)
    Sigmoid colon	 176	 (26.3)
    Rectum	 281	 (41.9)

Histological grade
    Well differentiated	   79	 (11.8)
    Moderately differentiated	 548	 (81.8)
    Poorly differentiated	 43	 (6.4)

Mucinous component
    +	   81	 (12.1)
    -	 589	 (87.9)

Dukes' stage
    A	 147	 (21.9)
    B	 197	 (29.4)
    C	 193	 (28.8)
    D	 133	 (19.9)
Multiple CRC	 44	 (6.6)
Extracolonic cancers	   75	 (11.2)

Microsatellite instability
    MSI-H	 40	 (6.0)
    MSI-L	 41	 (6.1)
    MSS	 589	 (87.9)
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of cancer or MSI status, but the frequency of the V384D allele 
was 4.1-fold higher in the CRC patients than in the healthy 
controls. According to Dukes' stage, an increase in Dukes' B 
(40.5%) and decrease in Dukes' D (10.8%) were observed in the 
CRC group with the V384D variant. This proportion of tumor 
stage is very similar to that seen in MSI-H tumors (8,23).

The single CRC patient who was homozygous for V384D 
developed synchronous adenocarcinoma of the transverse 
colon and a rectal carcinoid at 64 years of age, and had a 6‑year 
prior history of gastric cancer, but no familial history of cancer. 
The colon cancer in this case was not MSI-H. Certain clinical 
features of this patient, such as proximal colon cancer and 

Table Ⅱ. Frequency of the V384D variant.

Codon 384	CRC  patients, n=670 (%)	C ontrol, n=332 (%)	 p-value

V/V	 630 (94.0)	 327 (98.5)	
V/D	   39   (5.8)	     5   (1.5)	 <0.002
D/D	     1   (0.2)	     0   (0.0)	

V, valine; D, aspartic acid

Table Ⅲ. Clinical features of the CRC patients with or without V384D variant.

	N on-V384D, no. (%)	V 384D, no. (%)	 p-value

Patients	 630 (94.0)	 40 (6.0)
Gender
   Male	 364 (57.8)	 27 (67.5)	 0.13
   Female	 266 (42.2)	 13 (32.5)
Age (mean ± SD, years)	 63.4±13.4	 61.1±10.9	 0.08
Size of tumor (mean ± SD, mm)	 46.9±17.5	 43.9±10.4	 0.09
Site of tumor
   Cecum	   41   (6.5)	   2   (5.0)
   Ascending colon	   84 (13.3)	   2   (5.0)
   Transverse colon	   56   (8.9)	   4 (10.0)	 0.24
   Descending colon	   20   (3.2)	   4 (10.0)
   Sigmoid colon	 165 (26.2)	 11 (27.5)
   Rectum	 264 (41.9)	 17 (42.5)
Histological grade
   Well differentiated	   74 (11.7)	   5 (12.5)
   Moderately differentiated	 514 (81.6)	 34 (85.0)	 0.19
   Poorly differentiated	   42   (6.7)	   1   (2.5)
Mucinous component (+)	   81 (12.9)	   0   (0.0)
Dukes' stage
   A	 139 (22.1)	   8 (20.0)
   B	 181 (28.7)	 16 (40.0)	 0.09
   C	 181 (28.7)	 12 (30.0)
   D	 129 (20.5)	   4 (10.0)
Multiple CRC	   41   (6.6)	   3   (7.5)	 0.33
Extracolonic cancers	   71 (11.3)	   4 (10.0)	 0.26
MSI
   MSI-H	   38   (6.0)	   2   (5.0)
   MSI-L	   37   (5.9)	   4 (10.0)	 0.14a

   MSS	 555 (88.1)	 34 (85.0)

aMSI-H and MSI-L vs. MSS
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multiple cancers, resembled the clinical features of Lynch 
syndrome.

Concerning MSI status, only 5.0% of the CRC patients 
with hMLH1 V384D were MSI-H. Thus, the clinical and 
molecular features of the hMLH1 V384D variant are very 
similar to those of the D132H variant (26). Certain patients 
with the hMLH1 variant may exhibit partially impaired MMR 
activity without MSI; thus, the hMLH1 variant may be associ-
ated with increased CRC susceptibility without early onset or 
clear familial history of CRC.

The hMLH1 V384D variant seems to directly affect tumor 
susceptibility; however, the possibility that the V384D variant is 
linked to other surrounding pathogenic mutations must be con-
sidered. Further investigation is needed to clarify these issues.
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