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Abstract

AIM: To clarify possible contributions of DNA mismatch
repair (MMR) system in carcinogenesis of liver fluke
infection-associated intrahepatic cholangiocarcinoma
(ICC) by using immunohistochemical assay.

METHODS: A total of 29 ICC samples, which had
been assessed for genomic instability by a PCR-based
method, were used for study. They were examined
immunohistochemically to demonstrate protein
expression of two MMR genes, hMSH2 and hMLH1.
Results obtained were compared with their mutator
phenotype assessed previously.

RESULTS: Either hMSH2 or hMLH1 protein was
obviously expressed in 28 of 29 (96.6%) ICC samples.
Positive nuclear localization of hMSH2 or hMLH1 protein
was observed in 86.2% (25/29) or 93.1% (27/29) ICC
cases, respectively, while their negative nuclear reactivity
was only detected in 13.8% (4/29) or 6.9% (2/29) ICC
cases analyzed, respectively.

CONCLUSION: Our study, probably for the first time,
showed through immunohistochemical detection of
hMSH2 and hMLH1 gene that DNA MMR system does not
play a prominent role in liver fluke infection-associated
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cholangiocarcinogenesis. These results confirm previous
findings on mutational status of these genes assessed
through a PCR-based method. The immunohistochemical
analysis has proven to be an effective and sensitive
approach for screening MMR deficiency regardless of
somatic inactivation or promoter hypermethylation
of hMSH2 and/or hMLH1 gene. Furthermore,
immunohistochemistry is more advantageous compared
to mutator phenotyping assay in terms of simplicity,
less time consuming and cost effectiveness for
screening possible involvements of target MMR genes in
tumorigenesis.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

The multistep process of carcinogenesis results from
multiple genetic changes in oncogene(s), tumor suppressor
gene(s) and/or DNA integrity gene(s)“‘z]. hMSH2 and
hMLH1, the common human mutS homolog 2 and mutl.
homolog 1, respectively, are two key genes implicated
in DNA mismatch repair (MMR) machinery”. They
are among other stability genes that function as DNA
mismatch restorers for the maintenance of genomic
integrity[z]. Defects in this repair system are involved in
the failure to recognize and/or repair spontaneous errors
during the replication process. MMR deficiency leads to
the accumulation of secondary mutations resulting from
base-base mismatches and/or short insertion or deletion
mispairings throughout the genome; this deficiency affects
important growth regulatory genes and thereby leads to
carcinogenesism. Most cells that are deficient in this repair



Liengswangwong U et a/. DNA repair protein in cholangiocarcinoma 3741

system often display a high level of microsatellite instability
(MSI), which generates a mutator phenotype, a hallmark
of human cancers, as a consequence of DNA replication
errors and homologous recombination™”. Defects in
MMR genes have recently been described as an alternative
pathway in the pathogenesis of and predisposition toward
a significant proportion of certain inherited and sporadic
human mahgnancies[&l ",

Intrahepatic cholangiocarcinoma (ICC), a primary
adenocarcinoma and the second most common cancer of
the liver, develops from the overgrowth of cholangiocytes,
which are epithelial cells that line intrahepatic ducts.
Patients with this disease have a poor prognosis: ICC is
usually fatal because of the difficulty in detecting it at
an early stage”z‘m. Based on an epidemiological study,
the incidence of ICC is dependent on geography[14].
This disease is most common in Southeast Asia!"”
especially Thailand™"'", and its etiology is thought to be
multifactorial. Documented risk factors include sclerosing
cholangitis, hepatolithiasis, congenital cysts and, especially,
liver fluke infection'”. Furthermore, regular alcohol
consumption has also recently been found to be one of
the risk factors for this tumor'”. Known predisposing
conditions, such as mechanical irritation and chronic
inflammation, exert marked and long-term effects on the
development and progression of this tumor by inducing
epithelial proliferation and promoting the subsequent
susceptibility of these tissues to exogenous and/or
endogenous carcinogenic exposure, leading to cholangi
ocarcinogenesism. In Thailand, ICC is one of the most
common cancers and lethal diseases in the North and
Northeast regionsm. In Khon Kaen province, where liver
fluke (Opisthorchis viverrini) infection is prevalentmz”, 90%
of the local inhabitants are or have been infected with this
parasitelzzj. In this same region, ICC occurs at its highest
rate worldwide!'*'>*"*,

Although the roles of hMSH2 and hMLH1 genes in
the pathogenesis of colorectal cancer (CRC), especially
the hereditary nonpolyposis colon cancer (HNPCC), have
been described™, little is known about their involvement
in cholangiocarcinogenesis. An analysis of the mutational
status of the hMSH2 and hMLH1 genes in ICC from
Thai patients was carried out via assessments of genomic
instability in repeat sequences of microsatellites. The low
frequency of somatic mutations in hMSH2 and hMLH1
genes indicated a minor involvement of this repair
systemmj. However, MMR gene inactivation is not always
caused by somatic mutations, but rather can be achieved
by hypermethylation at the gene promoter, as reported
in the hAMLH1 gene™”". Currently, the identification of
a mutator phenotype in tumors still requires molecular
testing. As an alternative screening tool for detecting
DNA MMR deficiency derived from either somatic
mutations or promoter hypermethylation of target MMR
genes, we used immunohistochemical staining for cellular
expression of hMSH2 or hMLH1 protein in archival
tissues from Thai ICC that had previously been assessed
for mutator phenotype by mutational inactivation using
the PCR-based method. Nuclear localization of encoded
proteins evaluated from the current study and the mutator
phenotype assessed from the previous investigation were
comparatively analyzed.

MATERIALS AND METHODS

Tissue samples

A total of 29 cases consisting of 11 fresh-frozen and
18 formalin-fixed, paraffin-embedded ICC tissues were
used for this study. Samples were obtained with informed
consent and the project was approved by the Ethical
Committee of the National Cancer Institute of Thailand.
After surgery, parts of specimens were promptly fixed in
neutral formalin and processed histologically to prepare
tissue sections for further immunohistochemical analysis.

Immunohistochemical study
Immunohistochemical staining for hMSH2 and hMLH]1
proteins was performed with a standard avidin-biotin-
peroxidase complex technique™, using diaminobenzidine
(DAB) as a chromogen. Formalin-fixed, paraffin-
embedded tissue sections (4-pum thick) of the ICC were
processed immunohistochemically. Tissue sections were
first dipped in three changes of xylene for 5 min each
and three changes of absolute ethanol for 5 min each,
followed by two washes with distilled water and a final
wash in PBS for 5 min. Antigen retrieval was performed
by immersing tissue sections in sodium citrate buffer
(0.01 mol/L, pH 6.0), autoclaving for 10 min at 121°C,
cooling and rewashing the sections in distilled water prior
to incubating for 15 min in 30 mL/L H202 in methanol
to block endogenous peroxidase activity. To eliminate
non-specific protein binding, after three washes with
PBS for 3 min each, tissue sections were incubated at
room temperature for 10 min with 100 mL/L normal
goat serum in PBS. Immunostaining was performed by
incubating tissues with a primary antibody against h(MSH2
protein (clone FE11, Oncogene Research, 1:50 dilution),
hMLH1 protein (clone 14, Oncogene Research, 1:10
dilution) or PBS (as a negative control) in a humidified
chamber at 4°C overnight. Tissue sections were washed
three times with PBS, 3 min each, followed by incubation
with biotinylated rabbit anti-mouse IgG (1:1000 dilution)
for 30 min at room temperature. After three washes for 3
min each in PBS, sections were incubated in a streptavidin-
peroxidase reagent for another 30 min. After three PBS
washes, the peroxidase reaction was initiated by incubating
tissue sections in DAB reagent for 5-20 min at room
temperature. Sections were washed three times in distilled
water for 3 min each. Immunostained tissue sections
were then lightly counterstained with Mayer hematoxylin,
washed with distilled water, dehydrated with ascending
graded ethanol and xylene and mounted with mounting
medium for further viewing under the light microscope.
The expression of hMSH2 or hMLHT1 protein is
normally observed in the nucleus. A case was considered
immunoreactively positive or negative when nuclear
staining for either target protein was present in or
completely absent from tumor cells in ICC tissues,
respectively.

Assessment of mutator phenotype

MS alterations were previously assessed in each normal
DNA and paired tumor DNA in the majority of this
same set of samples (except cases 26 and 27) using
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Table 1 Immunohistochemical expression of hMSH2 and
hMLH1 genes and microsatellite profile in ICC cases analyzed

Case Age/sex Histology pTMN MS
stage phenotype

hMSH2 hMLH1

1 50/M G3 VA o + +
2 60/F G2 1B o + +
3 60/F G2 IVA o + +
4  55/F Q2 IVB MSI (D175250) + +
5 57/M G3 IVA o + +
6 71/M G2 1B o + +
7  65/F G3 IMA  MSI(D2S123) - -+
8 41/F Gl II MSI (D25123) - +
9  60/M G2 1B o . +
10 57/M Q2 IVA  MSI(D175250) + +
1 55/M G2 U o + +
12 55/M GX IVB MSI (D25123)  + +
13 54/M Gl IVA o + +
14 59/F G2 VB o + +
15  45/F G3 IVB o + +
16  42/M G2 1B o + +
17  57/M Gl A  MSI(D2S123) - +
18  51/F  GX IVB MSI (BAT-25) + +
19  4£2/M Q2 I o + -
20 51/M  G3 MA o + +
21 59/M  G3 IVA  MSI(D2S123) + +
2 66/M G3 VB o + +
23 64/F G3 IVA o + +
24 66/M Gl II o + +
%5 2/M Q2 IVB o + +
26  37/F G3 II N + +
27 57/M Gl I N + +
28 66/M G2 IVB o + +
29  52/M  G3 IVB o + +

G1: well differentiated; G2: moderately differentiated; G3: poorly
differentiated; GX: grade cannot be assessed; U: not known; M: male; F:
female; +: positive nuclear staining; -: negative nuclear staining; MSI:
microsatellite instability; o: microsatellite stable; N: MSI status was not
available; *: harbouring LOH at D351298 and D3S1561.

a panel of 12 known highly polymorphic MS loci in
nuclear DNA: five Bethesda markers including BAT-25,
BAT-26, D28123, D5S346 and D17S5250; and seven
other markers including D28119, D381277, D351298,
D3S1561, D3S1611, D11S904 and TP53. Three different
markers of repeat sequences in mitochondrial DNA,
including the D-loop, NADH dehydrogenase subunit 1
and NADH dehydrogenase subunit 5, were also analyzed
using a fluorescence PCR—based technique, as reported
previously™.

RESULTS

Immunohistochemical study

The immunohistochemical analysis for nuclear localization
of two MMR genes, hMSH2 and hMLH1, in 29 ICC
tissues demonstrated positive immunostaining in the
majority of stained cases (Table 1). Intense nuclear
expression of either hMSH2 or hMLH1 was observed in
96.6% (28/29) ICC cases. hMSH2 nuclear staining was
readily visible in 86.2% (25/29) ICC cases (Figure 1 A
and B), whereas positive immunostaining for the hMLH1
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Table 2 Correlation between hMSH2 and hMLH1

immunohistochemical expression and microsatellite profile in
ICC studied n(%)

MS Number Pattern of nuclear expression/n (%)
status  of cases pnigpo.  pMSH2-  hMSH2+ hMSH2-
hMLHI1- hMLH1+ hMLHI1+ hMLHI1-
MSI 8 0 (0) 2 (25) 5(62.5) 1(12.5)
MSS 19 1(5.3) 1(5.3) 17 (89.5) 0 (0)
NP 2 0 (0) 0(0) 2 (100) 0(0)
Total 29 1(34) 3(10.3)  24(82.8) 1(3.4)

MSI: Microsatellite instability; MSS: Microsatellite stable; NP: MSI
assessment was not performed.

Figure 1 Representative data of the immunohistochemical expression of hMSH2
(case 26: A and B) or hMLH1 (case 22: C and D) protein in ICC. A and C: Stained
with anti-hMSH2 and anti-hMLH1 antibodies, respectively; B and D: stained
without the first antibodies as negative controls (immunoperoxidase, original
magnification x 400).

protein was detected in 93.1% (27/29) cases (Figure 1, C
and D). Consequently, negative immunoreactivities for
nuclear expression of hMSH2 and hMLH1 genes were
verified in 4 (13.8%, cases 7, 8, 9 and 17) and 2 (6.9%,
cases 7 and 19) of the 29 ICC cases, respectively (Table 1).

Among positively stained cases, different levels of
expression of either MMR gene were noted. An intense
immunohistochemical reaction was observed in cases 2,
12, 14 and 16 (16.0%) for hMSH?2 and cases 18, 26, 27 and
29 (14.8%) for hMLH1. A relatively reduced degree of
nuclear expression was observed in cases 1, 4, 5, 10 and 15
(20.0%) for hMSH2 and cases 4, 5, 10 and 21 (14.8%) for
hMLHI1.

Mutator phenotype study

Among the 15 microsatellite markers that were assessed,
8 loci were found to be aberrant. Low-frequency MSI was
detected for BAT-25, D2S123, D115904 and D17S250,
and loss of heterozygosity (LOH) was detected for
D351298, D3S1561, D5S346 and TP53. Most ICC samples
were therefore classified as microsatellite stable (MSS), and
a subset was classified as low-frequency MSI (MSI-L), as
reported previously™,
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DISCUSSION

The assessment of MMR deficiencies has become an
important tool for the characterization of genomic
instability and of the molecular pathogenesis of both
inherited and sporadic human cancers. Molecular defects
in known MMR genes, especially hMSH2 and hMLHI1,
have been well defined in the HNPCC syndromelzo’m.
In subsets of sporadic human cancers, these two genes
were also found to be involved in the pathogenesis with
varying frequencym. Previous studies demonstrated that in
a majority of sporadic MSI tumors, hMLH1 inactivation
was frequently caused by an epigenetic rather than genetic
mechanism, whereas the rest displayed somatic mutations
in these two genesp““. Methylation of the hMLH1
gene promoter is usually biallelic™. Assessments of
microsatellite alterations are characterizations of a mutator
phenotype through somatic mutational inactivation,
however, do not identify aberrations in specific genes
involved, which requires further investigation.

In ICC from Thai patients, h(MSH2 and hMLLH1 genes
do make a minor contribution to cholangiocarcinogenesis,
as shown by the assessment of the mutator phenotype
through their somatic mutations, using a panel of highly
polymorphic MS markers that are mainly related to these
genes[zsl. However, the inactivation of these genes via
other genetic mechanisms has not yet been excluded. In
the present study, using an immunohistochemical analysis,
aberrations either through somatic mutations and/or
promoter hypermethylation of hMSH2 and hMLH1 gene
were sought at a protein level by evaluating the nuclear
expression of their proteins in ICC carcinogenesis. Our
results clearly showed immunoreactivity of either protein
with different degree of expression level in the majority
of cases, thereby indicating the minor involvement of
these genes in the pathogenesis of this tumor (Table 1),
which is consistent with results that were obtained through
molecular assessments”. In a few cases of them, however,
expression of one or both proteins was lost (Table 1).
Considering the different degree of MMR gene expression
noted in positively stained cases, a relatively lower degree
of hMSH2 and hMLH1 immunostaining was observed
in 20.0% (5/25) and 14.8% (4/27) immunopositive
cases, respectively, giving rise to 21.4% (6/28) cases that
presented with reduced expression of at least one MMR
gene, suggesting that the down-regulation of the encoding
genes occurred during their carcinogenic process. This
phenomenon might have been due to hypermethylation
at the gene promoter, at least in the case of the hMLH1
gene, of which was often accompanied by the down-
regulation or absence of hMLH1 gene expressionl34’36’37j.
Hypermethylation-associated reduced expression of
the hMLH1 gene has already been described in lung[38],

- [39,40] [34,36]
gastric and colorectal cancers”™ .

There was a correlation between the nuclear expression
of hMSH2 or hMLH1 protein and a previously assessed
MSI/mutator phenotype in a given ICC tissue (Table 1).
In hMSH?2 immunostaining, 3 of 4 cases (cases 7, 8 and
17) that displayed negative nuclear staining also had MSI
at D2S123, 2 hMSH2-related MS locus™. The remaining
case (case 9), which also exhibited loss of hMSH2 gene
expression, showed stability at this locus, suggesting

the presence of other hMSH2-related MS loci that
mapped to 2p is involved in hMSH2 somatic inactivation.
Simultaneously, in hMLH1 immunostaining, two cases
(cases 7 and 19) showed a loss of this gene expression.
One of them (case 7) also exhibited LOH at two hMLH]1-
related MS loci, D3S1298 and D3S1561, whereas the other
one was MSS™! (Table 2), indicating an availability of other
hMLH1-related loci that mapped to 3p, whose MSI/LOH
are involved in the loss of expression of this gene.

In the current study, the majority of ICC samples
(89.5%), almost all of which was previously assessed as
MSS/MSI-L* consistently displayed positive nuclear
staining for both MMR proteins (Table 2). Five (cases 4,
10, 12, 18, 21) of eight MSI cases (62.5%) retained both
hMSH2 and hMLH1 protein expression (Tables 1 and
2). These results are in agreement with previous findings
describing the presence of MSI tumors with positive
immunohistochemical staining and without detectable
somatic mutations in either MMR gene/. On the other
hand, three (cases 1, 5, 15) of the MSS cases in this study
had reduced expression of either or both MMR proteins.
Nevertheless, ptevious findings demonstrated that
relatively low level of hMSH2 and hMLH1 proteins may be
sufficient to retain the MSS phenotype!™, which might also
be the case for the current study. Certain incompatibilities
between MSI and protein expression in cases 4, 10, 12, 18
and 21 might have been due to the existence of other as
yet unknown stability gene(s) or another related gene(s)
that function in or outside the DNA MMR complex and
play a major role in the development of this tumor type.
The present findings undoubtedly demonstrated and
confirmed the previous findings that only a small fraction
of ICC cases was affected by hMSH2 and/or hMLH1
functional inactivation and that these two MMR genes do
not seem to be implicated in carcinogenesis steps in most
ICC cases.

In conclusion, to our best of knowledge, we are the first
to report the pattern of immunohistochemical expression
of MMR genes in ICC. Results from previous mutator
phenotype assays and the current immunohistochemical
screening of hMSH2 and hMLH1 genes in ICC from Thai
patients consistently confirm the minor involvement of
the DNA MMR system, through malfunctional activity of
the hMSH2 and/or hMLH1 genes, in ICC carcinogenesis.
The immunohistochemical analysis has proven to be an
effective and useful approach for the screening of defects
in the DNA MMR complex derived from either somatic
mutational inactivation or promoter hypermethylation of
target MMR genes. It is more advantageous, in terms of
simplicity, less time consuming and cost effectiveness, to
screen mutator phenotype through inactivation of target
MMR genes in cholangiocarcinogenesis by using the
immunohistochemical method.
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