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Abstract

Allelic deletion at chromosome 8p21-25 is an early and frequent event in the
carcinogenesis and development of various cancers. To facilitate investigation of alterations of
the macrophage scavenger receptor 1 (MSR1) , which is located on 8p22, and to determine the role
of this gene in human carcinogenesis and tumor progression, we determined intronic primers
designed to amplify the coding region. Since frequent deletion of 8p21-23 has been previously
reported in lung cancer, we searched for mutations throughout the coding sequence of the
MSR1 gene within a panel of genomic DNA samples obtained from 30 primary lung cancers.
Our approach, which involved polymerase chain reaction-single strand conformation
polymorphism (PCR-SSCP) analysis and direct DNA sequencing, revealed nucleotide variants
of the MSR1 gene in only one of the 30 cases examined, with this sample displaying both a 6
bp deletion and a thymine-to-cytosine substitution, the latter occurring within intron 7. The 6
bp deletion was located at a DNA microsatellite region and the thymine-to-cytosine
substitution seemed to be a polymorphism.

These results suggest that the MSR1 gene is not commonly mutated in lung cancer and
not important in susceptibility to lung cancer. Further studies may focus on alternative
mechanisms through which the MSR1 gene might be inactivated, such as aberrant DNA
methylation, and/or pursue analyses of other genes on 8p21-23 for mutational events.
Nevertheless, the panel of intronic PCR primer pair sequences presented here will facilitate
future studies to determine the full spectrum and frequency of genetic events that may affect
expression/activity of the MSR1 gene in human tumors.

(J Nippon Med Sch 2004; 71: 99-104)
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cancers is associated with an accumulation of
Introduction genetic alterations of tumor suppressor genes.
Cytogenetic and molecular studies of cancer tissue
The development of human cancers including lung specimens have revealed chromosomal deletions in
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various regions'. Frequent loss of heterozygosity
(LOH) at a specific chromosomal region in certain
tumors, as reported in many studies, implies the
presence of tumor suppressor genes (TSGs)

associated with their tumorigenesis. Allelic losses of
3p, 5q, 8p, 9p, 11p, 13q, and 17p have been reported

3-12

in primary lung cancer’” In agreement, the pl6
gene (chromosome 9p) **, the Rb gene (chromosome
139) ™", and the p53 gene (chromosome 17p)“® are
all reported to be inactivated in lung cancer. The
involvement of FHIT on chromosome 3p as a TSG in
lung cancer has also been proposed”". Recently,
genetic alterations on the short arm of chromosome
8 (either LOH or chromosomal deletions)
representing a frequent event in several cancers
including prostate®?, breast®, colon®, lung®”, head
and neck® cancer and hepatocellular carcinoma?,
have been documented. In our previous study, which
involved LOH analysis of chromosome 8p using ten
microsatellite markers, the overall allelic deletion
rates of 8p21-23 were 10 of 28 (35.7%)%. The allelic
deletions of this locus in the primary cancer and its
metastatic sites were in each case identical in both
frequency and size of the deleted regions. Our
previous results, therefore, suggest that allelic
deletion at chromosome 8p21-23 represents an early
event frequently occurring in the development of
lung cancer, but rarely contributes to its metastasis.
Therefore, this region may harbor tumor suppressor
genes of lung cancer.

Macrophage scavenger receptor 1 (MSR1), whose
gene is located at 8p22, functions in several
processes proposed to be relevant to prostate
carcinogenesis. The germline mutations and
sequence variants of the MSR1 gene were also
reported to be important in susceptibility to prostate
cancer”. The MSR1 gene seems to be a potential
candidate as a TSG in lung cancer and alteration of
the gene may be involved in the genesis and
progression of primary lung cancer. To test this
hypothesis, we screened for mutations within the
MSR1 gene using polymerase chain reaction-single
strand conformation polymorphism (PCR-SSCP)
analysis, and direct DNA sequencing, of tissues

obtained from patients with primary lung cancer.

T Nippon Med Sch 2004; 71(2)

Materials and Methods

Tissue samples

This study included 30 subjects with primary lung
cancer. The patients were seen at the Fourth
Department of Internal Medicine at Nippon Medical
School Main Hospital in Tokyo, Japan®. From each
subject, we obtained tissue samples from the
primary lung cancer site, any distant metastatic site,
and normal lung tissue at the time of autopsy from
1989 to 1995. Informed consents for research use
from the patients or their family were obtained by
the Fourth Department of Internal Medicine. The
metastatic site from which we obtained samples in
the 30 cases included lung (13 cases), liver (10 cases),
pleura (3 cases), subcutaneous or muscle tissue (2
cases), spleen (1 case), and pancreas (1 case). The
histologic type of lung cancers included 6 small cell
carcinomas, 14 adenocarcinomas, 8 squamous cell
carcinomas, 1 large «cell carcinoma and 1
adenosquamous cell carcinoma. Genomic DNA was
obtained from each tissue sample by proteinase K
extraction

treatment and  phenol-chloroform

according to the standard protocols™.

PCR-SSCP analysis

Mutations in exons of the MSR1 gene were
examined by PCR-SSCP analysis. From each
genomic DNA sample, exons of the MSP1 gene were
amplified separately using the PCR primer pairs
listed in Table 1. Each PCR reaction contained 25
pmol of exon-specific primer pairs labeled with
fluorescein isothiocyanate (FITC), 25 mM dNTPs,
1.25 units of Ex Tag DNA polymerase, and 1x Ex
Taq buffer (Takara, Tokyo, Japan) in a final reaction
volume of 20 ul. The 20-ul reaction mixture was
placed in a DNA thermal cycler (Perkin-Elmer Cetus,
Norwalk, CT) when the heating block reached 94C.
Standard denaturing and extension temperatures of
94C and 72TC, respectively, were used. The
annealing temperature was 57C with the PCR
primers designed in this study, and the number of
cycles was 35 (exon2, 3, 5~9) and 45 (exon 4 (No.
1, 2)), respectively. FITC-labeled PCR products

were denatured, cooled on ice, and loaded on neutral
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Table 1 List of the intron-based primer sequences used in the PCR amplification of each exon of MSR1 gene

coding region

Sense primer sequence Antisense primer sequence
Exon 2 TATGCAAAAGAGCCCTAGC GTCAATAACTCTAAGAACAACCTCC
Exon 3 CACTTTCTAACAGTAGGCTGGGC TGCTTCTTTTTTGCTTTGGC
Exon 4 (No.l) GGAATGATATGGGATGGGATC AGGACTTGGAGATTTCATC
Exon 4 (No.2) TTGTTTTCCTCAGTCCAGGG ATTCAGTTCCAGCAAGTGACC
Exon 5 CAAAGGCTGTGAATGCTC TCTGGAGAAATGACAAGAC
Exon 6 ACCTTGACAGATGACTAACCC TAGCAATCCTCCCCTACAC
Exon 7 CTCTCAAGTCTGTATGAAAATG GGTGAACAGAAGTCAGTTTC
Exon 8 CCTTGTGATGATCTGTCTCC ATTTGCCTCAAGCCCAG
Exon 9 CCCCACATCTGTAGTTAATGG GTCATTTGGAGGAGTCAC
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Fig.1 DNA sequence analysis of the aberrant bands identified by PCR-
SSCP analysis for exon 7 within the MSR1 gene in case 21 (A),

normal band of case 21 (B).

These results reveal 6 bp deletion in an allele of case 21. The
arrows indicate the site of deletion.

6% polyacrylamide gels with or without 5% (vol/
vol) glycerol, as described previously™. After
electrophoresis, the gels were analyzed with the
Biotech,
Uppsala, Sweden). Aberrant bands were excised

and further amplified by PCR for DNA sequence

FluorImager (Amersham Pharmacia

analysis.

DNA sequence analysis

Each DNA sample was amplified by PCR using all
primer pairs, with the-21 ml3 forward primer
sequence (TGTAAAACGACGGCCAGT) added in
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each case to the appropriate primer. PCR
amplification was performed as described above; the
products were purified and sequenced by
fluorescent automated sequencing and DNA
sequencing kit (Big Dye™ Cycle Sequencing Primer
Ready Reaction-21M13) (Perkin Elmer/Applied

Biosystems, Foster City, CA).

Results

Design of primer pairs for mutational analysis
of the MSR1 gene

We determined the nucleotide sequences of exons
1 through 11 of the MSR1 gene, along with adjacent
introns, by comparing the genomic sequence of
MSR1 with its respective cDNA sequence (GenBank
accession no. NM 138716). All of the exon-intron
boundaries within the MSR1 gene conformed to the
“AT-GT rule”. The open reading frame (ORF)
spanned from exon 2 to 9. Accordingly, we designed
nine primer pairs based on intronic sequences
flanking each exon of the MSR1 gene, so as to
permit analysis of the entire coding region (Table 1).
Exon 4 was divided into two regions for analysis.
Antisense primer for exon 4 No. 1 and sense primer

for exon 4 No. 2 were exonic primers.

Mutational analysis of the MSRI gene in
primary lung cancers

Tumor specimens from primary lung cancer
patients were examined for mutations within the
MSR1 gene by PCR-SSCP analysis and DNA
sequencing. The DNA sequence of MSR1 in the
matched tumor and normal tissue samples from
each patient showed the same pattern on PCR-SSCP.
In case 21, PCR-SSCP analysis of exon 7, together
with intron sequence flanking this exon, revealed an
aberrant banding pattern, with normal bands being
evident. DNA sequence analysis of these aberrant
bands showed a 6 bp deletion within a dinucleotide
(AT) repeat in the tumor tissue as compared with
other patients (Fig. 1). Although this poly (AT) tract
has 15 AT repeats in the non-coding region, 60 bp
downstream of the coding ending point of exon 7, in
the main population the normal and tumor tissues of
case 21 had 12 and 15 AT repeats (Fig. 1). A

T Nippon Med Sch 2004; 71(2)

A v

ACATAATGTTACAT ATGTAGT AT
220 230

B |

ACATAATGTTATATATGT AGTAT
200 2108

Fig. 2 DNA sequence data reveal an T-to-
C nucleotide substitution within
intron 7 in case 21. The arrows
indicate the site of substitution.
Aberrant DNA sequence (A) ;
control DNA sequence (B).

thymine-to-cytosine substitution of intron 7,63 bp
downstream of the coding ending point of exon 7,
was also revealed by DNA sequencing in case 21
(Fig. 2). The diagnosis of case 21 was
adenocarcinoma. Overall, the frequency of variants
within this panel of lung tumors was 3.3%. These
tumor tissues were not amenable for mRNA
expression analysis. No other abnormal bands were
detected in the tumor specimens, as determined by
PCR-SSCP analysis.

Discussion

In our previous study, we observed LOH on 8p21-
23 in 10 out of 28 (357%) informative cases
examined, which is as frequent as for 3pl4.2 and
3p21-25 (11 of 28 (39.3%))*. Allelic deletion at
chromosome 8p21-23, independent of chromosome 3p
deletion, was also an early and frequent event in the

development of lung cancer. However, the TSGs
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that might reside on 8p21-25 are as yet unknown.
Recently, germline mutations and sequence variants
of the MSR1 gene were reported to be associated
with prostate cancer, which was reported to be
deleted on chromosome 8p22-23*. As such, MSR1
seems to be a potential candidate as a TSG in lung
cancer. In order to evaluate the role of the MSR1
gene in lung cancer development, we carried out
mutation analysis of the gene in a panel of lung
cancers. However, the results of the present study
indicated that mutation of the MSR1 gene might not
be common in lung cancers. We detected nucleotide
variants of the MSR1 gene in only one of 30 cases,
with one of these variations being an thymine-to-
cytosine substitution in intron 7 that would not
influence the transcriptional sequence of MSR1 in
the tumor. The other nucleotide variation, present in
the same case, was a 6 bp deletion in a microsatellite
repeat sequence. Interestingly, this tumor also
displayed microsatellite instability (data not shown).
On the basis of previously published results, the
frequency of microsatellite instability in lung cancer
varies considerably, ranging from 2 to 30%** The
normal tissue from this case also had (AT)" and
(AT)"™ repeat at this sequence. The thymine-to-
cytosine substitution and the presence of (AT)™
repeat sequence were on other alleles.

With respect to lung cancer in general, mutation
of the MSR1 gene may not be associated with
development of this tumor type. Therefore, future
studies must also focus on other inactivated
mechanisms of the gene, as well as on other
candidate TSG genes residing on chromosome 8p21-
25 which may be deleted/altered in lung cancer.
However, MSR1, through its induction by oxidative
stress and its ability to bind oxidized low-density
lipoprotein, may modify amounts of reactive oxygen
intermediates. MSR1 knockout mice that have a
reduced capacity to eradicate certain pathogens may
also be relevant, because an infectious etiology of
some kind of cancers has been proposed. The
intronic primer sequences reported here should
facilitate future efforts to define the role of the
MSR1 gene in human carcinogenesis and tumor

progression.
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