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hMSH?2 Gene and hOGG1 Gene in Non-Small Cell Lung Cancer
NSC88-2314-B-002-208

87 08 01

66%

MMR

hMSH2
hOGGI(

)
60

DNA RNA

hMSH2 hOGG1

Mutation accumulates throughout life
and is the underlying cause of cancer.
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Recently, much attention has been paid to the
important role of the DNA mismatch repair
system in controlling the accumulation of
somatic mutations in human tissues and the
association of mismatch repair deficiency
with carcinogenesis. Microsatellite instability,
representing mutations of short repetitive
DNA sequence distributed within genomes,
appearsto be anovel mechanismin
carcinogenesis and is thought to reflect
multiple replication errors from MMR genes.
Frequent (33-66%) presence of replication
error phenomenon in lung cancer have been
reported. There were significant differences
existsin the frequency of alterationsin
individual marker, and data regarding the
ateration of MMR genesin lung cancer are
lacking. We propose atwo-year study to
evaluate the frequency of microsatellite
instability in non-small cell lung cancer, and
its association with genetic alteration of MMR
genes During the first year of study, we
collected 60 pairs of tissues, performed
microsatellite of several markersin part of the



samples, and obtained some findings.
Anaysis of MMR genesis undergoing.
Keywords microsatellite, mutation, mismatch
repair, oxidative DNA damage, h(MSH2,
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INTRODUCTION

Malignant tumors develop in humans for
the most part inindividuals of 55 years of age
or more, and consist of enormous cloning
expansion of cellsthat have accumulated
mutations in defined sets of genes[1].
Mutation accumulates throughout lifeand is
the underlying causes of cancer [2].
Statistically, it has been estimated that tumors
require four to seven mutations to develop.
lonizing radiation, viral, chemical, or other
physical factors are causative eventsto DNA
mutations and are also risk factors for
carcinogenesis.

Microsatdllites are short (1-4 bp),
repetitive, non-codifying, and highly
polymorphic DNA sequences, distributed
within the genome [3]. Approximately
100,000 microsatellites repeats are scattered
throughout human genome. Instability of
microsatellite sequence reflects malfunction in
the replication or repair of DNA, so called
replication error (RER) phenomenon [4]. RER
can be withessed as a change in the length of
microsatellite sequences (expansions or
contractions) in tumor DNA compared with
constitutional DNA, but also as the complete
loss of one or both aleles of the repeat locus
(LOH). Microsatellite instability servesas a
useful marker of a"mutator" phenotype

characteristic of hereditary nonpolyposis
colorectal cancer (HNPCC) and sporadic
colorectal cancers[5,6]. About 90% of
HNPCC tumors had microsatellite instability,
and approximately 15% of apparently
sporadic colorectal carcinomas and other
types of cancers aso show this abnormality
[7,8]. RERs are not uncommon in lung cancer.
But different from those found in colon cancer,
the RERs occur in few loci, mostly localized
on chromosome 3p, but can also be found on
chromosome 2p, 9p and 1p [9-11].

The existence of bacteria mismatch
repair (MMR) enzymes has been known for
decades [12]. In Escherichia coli, HLS (mutH,
mutL, mutS system provide main repair
pathways for DNA replication error. The
human MMR systemis believed to operate in
similar fashion. The mismatch binding factor
(like mutSin bacteria) includes, MSH2 and
G/T mismatch binding protein (GTBP). There
are a least 16 mutL-like proteinsin human,
MLH1, PMSI-8, PMSRI-7, showing ahigh
genetic redundancy. No human counterpart
protein for mutH has been identified so far
[13]. Tumors from HNPCC patients showed
inactivation of one of four MMR genes,
MLHI1, MSH2, PMS1, PMS2.

Apart from being responsible for the
correction of biosynthetic errorsin newly
synthesized DNA, the MMR systemisalso
presumed to repair exogenous chemical
damage, such as lesions caused by oxidation.
Oxidative damaged DNA product, 8-oxo-7,8-
dihydro-guanine (8-0x0G) has gained greatest



current interest. Evidence also suggests the
critical role of 8-oxoG in mutagenesis and
carcinogenesis[13]. HOGGL1 gene, mapped to
chromosome 3p25, aregion with high
frequency of RER in lung cancer, isthe repair
enzyme that mediate the removal of 8-oxo-G
oxidative damages from DNA [14,15]

So far, only few studies concerning
microsatellite instability in lung cancer have
been reported. These studies demonstrated
frequent RER in lung cancer. However, data
regarding the ateration of MMR genesin
lung cancer are till lacking. This two-year
study was proposed to eval uate the frequency
of microsatdlite instability in non-small cell
lung cancer, and the association between RER
and genetic ateration of aMMR prototype
protein (WMSHZ2) and hOGGL1.

MATERIALSAND METHODS
Patients and tumor tissues

Surgical specimens of tumors and the
adjacent uninvolved lung tissue will be
obtained from 120 patients at the time of
resection. All patients should have NSCLC
confirmed by histological diagnosis.

DNA and RNA extraction

Genomic DNA and total cellular RNA
are extracted from tissues using the phenol -
chloroform and guanidinium thiocyanate-
phenol-chloroform extraction method,
respectively.

Microsatdlite analysis

Microsatellite sequences are easy to

assay using PCR. Microsatellite markers for
the analysis for each sample will be obtained
as MAPPAIRS (Research Genetics, Huntsville,
AL, USA): D2S136 (2p14-p13), D2S162
(2p25-p22) and D2S391 (2p15) on
chromosome 2p, and D3S1284 (3p13-pl4),
D3S1289 (3p21.1-p14.3), D3S1067 (3p21.1-
14.3), D3S1038 (3p25) and D3S1611 (3p21.3)
on chromosome 3 p; IFNA and D9S171 on
chromosome 9p, as well astwo

monocucl eotide markers: BAT-40 (1913.1)
and BAT-26 (2p). PCR will be performed by
35 cycles of amplification in afinal volume of
25 M. The PCR products are el ectrophoresed
on 8% polyacrylamide gel's containing 8M
urea, dried at 80 , and exposed to X-ray film
from 24 to 72 h. The band pattern will be
compared between tumorous and non-
tumorous tissues for each patient. The RER (+)
tumors were defined by the presence of
microsatellite aterationsin at least two
different loci.

Rever se-transcription polymer ase chain
reaction of h/MSHZ2and hOGG1

RNA of tissues obtained from those
patients with microsatellite instability will be
used to determine hAMSHZ2 and hOGG
ateration. Two ng of total RNA isreverse
transcribedand subjecterd to PCR
amplificationsin 50 m reactions.

Sequence analysis of mutation

The PCR products are purified by
GENECLEAN I11(Bio101, Vista, CA, USA)
and subjected to automatic sequencing. DNA
sequencing is performed by an Applied



Biosystem 373A DNA sequencer (Foster City,
CA, USA) using the dye-terminator method.
Putative mutations are confirmed with a
second round of sequencing reaction.

Immunohistochemistry

Antibodies of different MMR proteins
(hPMSL, hPMS2, AMLH1, hMSHZ2, GTBP)
will be applied. The staining pattern of MMR
proteins are normally nuclear. Tumor cells
that exhibit an absence of nuclear staining in
the presence of non-neoplastic cellswith
nuclear staining will be considered to have an
abnormal pattern.

RESULTS

After evaluating several microsatellite
markersin 12 pairs of lung cancers, the
results showed that : 4 mutants out of 12 were
detected in BAT-40 (Fig. 1), 2/12 in BAT-26,
and 1/12 in D2S136, while none in D2S162.

Fig. 1 shows LOH of BAT-40 in T222, and
insertion in T225

The PCR products for hOGG1 and
hMSHZ2 were generated with the fragments
size described as following:

Fig.2 PCR products of hOGG1 exon 1-7

E1 2 34 M M 56 7
Fig 3. RT-PCR products of hiMSH2

1222 T225

a codon 1-247, b: codon 241-507, c: codon
381-934.
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