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Background: ZMLH 1 and hMSH?2 genes are both known to play a role in DNA mismatch repair. Nonetheless, the
clinical significance of AMLH and hMSH?2 protein expression in lung cancers remains unclear.

Aim: The aim of this study was to investigate the immunohistochemical expression of AMLHI and hMSH?2 proteins
in tumor specimens from 179 non-small cell lung cancer (NSCLC) patients using a tissue microarray technique and to
correlate these results with other clinicopathological variables, including the disease specific and overall survivals.

Method: hMLH1 and hMSH?2 protein expression was evaluated by immunohistochemistry using monoclonal
antibodies G168-728 for htMLH1 and FE11 for h(MSH2 protein expression analysis. The Pearson %> test was used to
compare the hMLH1 and hMSH2 alterations among the cases and between various clinical and laboratory variables.

P <or=0.05 was considered statistically significant.

Results: Alteration of AMLH1 and hMSH?2 protein expression was observed in 10 % of patients. No significant cor-
relation was found between the protein expression and patient age, smoking status, tumor histology or disease stage

and disease free and overall survival.

Conclusions: Alterations in the expression of hMLH1 and hMSH2 proteins did not have any prognostic value in

stage III. NSCLC patients.

INTRODUCTION

Lung cancer has become the leading cause of cancer
death in many industrialized countries. Molecular biologi-
cal studies have shown that cancer cells carry multiple
genetic and epigenetic alterations, which seem to indicate
the involvement of tumor suppressor genes and dominant
oncogene activation pathways during the process of car-
cinogenesis and tumor progression?® 2, Alterations of
genes involved in DNA repair, may explain the suscepti-
bility of non-risk populations, for instance, to lung cancer,
non-smoking women, AMLH I and hMSH?2 genes are both
known to play a role in DNA mismatch repair'. Their inac-
tivation by promoter hypermethylation has been reported
to be associated with human cancers> " '> 12, Herman
et al.”” have suggested that DNA methylation associated
with transcriptional silencing of AMLH1 is the underly-
ing cause of mismatch repair defects in most sporadic
colorectal cancers. Xinarianos et al.? have shown that
58.6 %/57.8 % of lung cancer tumor specimens expressed
reduced tumor hMLH1/hMSH?2 levels, respectively®.

Nonetheless, the clinical significance of AMLHI and

hMSH?2 protein expression in lung cancers remains un-
clear. Recently, Brooks et al.? reported that low protein
expression of hMSH?2 in nodal positive cancers was as-
sociated with poor response to therapy and earlier can-
cer deaths in patients with stage III non-small cell lung
cancer (NSCLC).

Our study is to complement published data on the
role of AMLH I and hMSH? protein expression in NSCLC
and to demonstrate its importance for prognosing the pa-
tients’s outcome.

MATERIALS AND METHODS

Study population and tumor samples. 179 consecutive
patients diagnosed with early stage and operable NSCLC
between years 1996 and 2001 were enrolled in this study.
Out of these 58 were adenocarcinomas, 106 were sqamous
cell carcinomas and 15 large cell carcinomas. The pa-
tient population consisted of 150 males and 29 females.
The distribution of patients within stages, at the time of
diagnosis, was the following: 104 patients were in stage
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Fig. 1. Representative figures of positive immunohistochemical analysis
of hMLH1 (4) and hMSH2 (B) protein expression in paraffin
sections of non-small cell lung tumor

IIIa, 20 patients were in stage IIIb, 34 patients in stage
I and II, and 21 patients in stage IV. 47 patients had re-
ceived neoadjuvant chemotherapy based on carboplatin
and taxol. All patients that had received neoadjuvant
chemotherapy were stage Illa patients. 21 patients had
received adjuvant chemotherapy based on carboplatine or
cis-platin in combination with gemcitabine or vinorelbine.
The follow-up was available for all patients. This study
was censored as October 2002. Overall survival was cal-
culated from date of diagnosis to the date of death or the
last follow-up. Disease specific survival (DSS) was calcu-
lated from the date of diagnosis to the date of either lung
cancer associated death or the last follow-up. The mean
follow-up period for all patients was 32 months (range:
0.5-78 months). During the observation period, 40 % (71)
patients died from lung cancer with DSS of 17 months
(range: 0.5-44 months).

Tissue microarray construction. Tumor tissue microar-
rays were constructed using 179 formalin-fixed primary
lung cancers, as stated above. The tissue area for sam-
pling was selected based on visual alignment with the
corresponding H&E-stained section on a slide. Between
three and five tissue cores (2 mm in diameter, 3-4 mm in
height) taken from a donor tumor block were placed into
a recipient paraffin block with a manual tissue microar-
rayer (Beecher Instruments, Sun Prairie, WI). A core of
normal tissue was also punched from each case in parallel.
Four um sections of the microarray block were used for
immunohistochemical analysis.

Analysis of protein expression by immunohistochem-
istry. Tumor microarray paraffin blocks were cut into
4 um sections and processed using the previously de-
scribed methodology?*. hMLH1 and hMSH2 protein ex-
pression was evaluated by immunohistochemistry using
monoclonal antibodies G168-728 (1:250; PharMingen,
San Diego, CA) for h\MLH1 and FE11 (1:50; Oncogene
Science, Cambridge, MA) for h(MSH2. Since the normal
staining pattern for hMLH1 and hMSH2 is nuclear, the
absence of nuclear staining in tumor cells along with posi-

tive staining in infiltrating lymphocytes was considered
negative.

Statistical analyses. The Pearson x? test was used to
compare the hMLH1 and hMSH2 alterations among the
cases and between various clinical and laboratory vari-
ables. The difference in age distribution between patients
with and without the alteration was analyzed by the inde-
pendent sample ¢ test. Type III censoring was done on sub-
jects who were still alive at the end of the study. Censoring
for the disease-specific survival analysis was performed
on subjects who were not lost in the follow-up. Survival
curves were calculated by the Kaplan-Meier method, and
comparison was done by the log-rank test. P < or = 0.05
was considered statistically significant.

RESULTS AND DISCUSSION

Alterations of hMLH/hMSH? protein expression and
its correlations with clinical and laboratory variables in
lung cancer patients: Immunohistochemical staining for
hMSH2 and hMLH]1 protein expression was performed
on 179 tumor samples, where only nuclear staining of
tumor cells was considered positive. Ninety percent of
tumor specimens showed moderate to strong staining for
both proteins (Fig. 1A and 1B). However, 10 percent of tu-
mors showed complete absence of nuclear staining. There
was no significant correlation between the protein expres-
sion and patient age P = 0.35, smoking status P=0.55,
tumor histology P = 0.65 or disease stage P = 0.75. No
differences have been observed in the percentages of posi-
tive patients/ negative patients with or without neoadju-
vant chemotherapy. P < or =0.75, P < or = 0.65.

Correlation of hMLH1 and hMSH?2 alterations with
overall and disease free survival of the stage III non-small
cell lung cancer patients, with regards to neoadjuvant
chemotherapy. The relationship between survival and the
alteration of AMLHI and hMSH?2 was further analyzed
(Fig. 2).

In this study, we investigated the significance of the
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non-small cell lung cancer stage III. patients. The relationship between
overall survival and the alteration of hMLH 1 and hMSH?2 was analyzed.
No significant differences were observed in overall survival of h(MLH1
and hMSH2 positive / negative patients regardless of neoadjuvant chem-
otherapy P = 0.45.
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Fig. 3. Correlation of hMLH1 and hMSH2 alterations with the prognosis of

non-small cell lung cancer stage III patients. The relationship between
disease free survival and the alteration of hMLH1 and hMSH?2 was
analyzed. No significant differences were observed in disease specific
survival of hMLH1 and hMSH2 positive / negative patients regardless
of neoadjuvant chemotherapy P = 0.65.
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DNA mismatch repair genes, AtMLHI and hMSH?2 in
NSCLC using immunohistochemistry. Lack of AMLHI
and AMSH?2 protein expression was observed in 10 % of
tumor specimens and no significant concordance was
observed between alteration in protein expression and
survival of patients with regards to neoadjuvant chemo-
therapy.

Data on the role of the mismatch repair gene altera-
tions in lung cancer are unclean. Xinarianos et al.?* stud-
ied 59 males and 91 females with lung cancer and showed
reduced expression levels of hMLH1 and hMSH2 proteins
in 53 % of sqamous cell and 82 % of adenocarcinoma
specimens. These results do not correspond to ours ex-
cept for the higher expression level of hMSH2 protein
reported in the study. On the other hand, an immunohis-
tochemical study by Aubry et al.! showed that mismatch
repair proteins hMLH1, hMSH2, and hMSH6 were not
inactivated in bronchioloalveolar carcinomas. In a panel
of 21 small cell lungcancer cell lines using the MSP assay,
Hansen et al. showed that low hMLH]1 protein expression
was not linked to promoter methylation!'. The discrepan-
cies between the various studies may be due to differ-
ences in clinical and laboratory parameters. Moreover,
the methylation regions examined and sensitivities of the
applied methodologies may vary from study to study. It
is also possible that geographic and/or ethnic factors may
account for frequent AMLHI and hMSH? alterations in
NSCLC patients, as was reported for activating EGFR1
mutations?®2.

Some authors suggested a relationship between the
expression of hMLH1 and hMSH?2 proteins and cancer
drug resistance or response> > 7. Strathdee et al.?? in-
vestigated the role of AMLHI gene methylation in drug
resistance using ovarian cancer cell lines and suggested
that methylation of the ~AMLH I promoter may be a com-
mon mechanism for cisplatin based resistance in ovarian
cancers??. In addition, Mackay et al. reported that reduc-
tion of hMLH1 protein expression in breast tumor sam-
ples after chemotherapy was strongly associated with poor
disease-free survival'. To the best of our knowledge, this
study is the first to investigate the relationship between
the status of AMLH1 or hMSH?2 expression in primary
NSCLCs. and survival of NSCLC patients with regards
to neoadjuvant therapy.

The association between DNA inactivation of mis-
match repair gene alterations and genetic instabilility
has been described in several cancers. Loss of AMLHI
gene expression has been proven to be the main cause of
microsatellite instability in colorectal cancers’” . It has
also been shown that selective defects in mismatch repair
genes may cause genomic instability and activate malig-
nant transformation as well as progression of gastric can-
cer, renal cell carcinoma, and endometrial carcinoma> %5,
Highly significant correlation between gene methylation
and negative protein expression in ZMLHI and hMSH?2
suggests that promoter hypermethylation is the predomi-
nant mechanism in seeming these two mismatch repair
genes in NSCLC?* % and thus, genetic instability may
contribute to poor prognosis in human cancers.
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It seems that DNA hypermethylated tumors, both un-
stable and stable, have distinct clinical features. However,
further analyses particularly in lung cancers are required
to better understand the clinical significance.
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