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Abstract. Alterations in the length of simple repetitive
genomic sequences (microsatellite instability, MSI) may
characterize a distinct mechanism of mammary carcino-
genesis. In order to investigate whether MSI is associated
with chemically-induced mammary carcinogenesis in the rat,
30 microdissected mammary carcinomas were analyzed using
27 different microsatellite markers from chromosomes 1, 3,
5,7 and 8. DNA was extracted from rat mammary cancer and
adjoining microscopically normal tissues from the same slide,
amplified by PCR, using different polymorphic DNA markers
and the reaction products were analyzed for microsatellite
instability. The results of this study indicate that 30% of cases
(9 out of 30) showed microsatellite instability at a minimum
of 1 locus. Three cases (out of 30) showed microsatellite inst-
ability at only three loci or less, called MSI-L (low frequency
MSI). Six cases (out of 30) showed MSI at four loci or more,
called MSI-H (high frequency MSI). Six cases showed MSI
at D5Mitl1 and D5Mgh3 loci, five cases showed MSI at
D1Miti4, D1Mgh6, D5Mgh5 and D8Mgh10 Ioci, four cases
had MSI at DIMgh?2, and D3Mgh7 loci, three cases had MSI
at D3Mit3, D3Mgh5, D7Mghl loci, two cases had MSI at
D7Mit11 locus and one case had MSI at D3Mgh9 locus. The
results of these experiments suggest that MSI may be an
important etiological event in the pathophysiology of mammary
carcinogenesis.

Introduction

Carcinogenesis is a multistage process driven by carcinogen-
induced genetic and epigenetic damage in susceptible cells.
These cells gain a growth advantage and undergo clonal
expansion as a result of activation of proto-oncogenes and/or
inactivation of tumor suppressor genes (1,2). The first stage of
the carcinogenic process, tumor initiation, involves exposure of
normal cells to an agent that causes genetic changes providing
the initiated cells with both an altered responsiveness to their
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microenvironment and a clonal expansion advantage when
compared to surrounding normal cells (3,4). This is consistent
with the hypothesis that one or more changes occurring during
carcinogenesis increase the endogenous mutation rate beyond
the normal repair capacity or decrease the ability to detect
and/or repair mutations, resulting in a mutator phenotype in
affected cells (3).

Alterations in length of simple repetitive genomic
sequences (microsatellite instability) have been reported in
various cancers (5). MSI is characterized by small deletions
or expansions within short tandem repeats in tumor DNA as
compared to matching normal DNA. Tumors with MST have
been classified as ‘microsatellite unstable” (MIN) or ‘replication
error positive’ (RER¥) (6,7). The MSI phenotype has been
reported in up to 90% of tumors of the HNPCC syndrome (8)
because of germ-line mutations within the specific mismatch
repair genes hMSH2, hMLHI1, and hPMS2 (4,9). Several
studies have shown that alterations at microsatellites occur
at a higher frequency in cancer compared to benign tissue
(5,10,11). However, it is important to distinguish between
tumors demonstrating a low frequency of alterations and those
having instability at multiple loci. In tumors with defective
DNA mismatch repair capability, MSI is usually detected in
greater than 30% of loci (10). In this regard, Boyer ef al (12)
have shown that 16 of the 17 known MMR-defective cell
lines have one or more mutations in at least one of the four
mismatch repair genes (hMSH2, GTBP, hMLH!I or hPMS2).
A wild-type copy corresponding to the mutant gene has been.
reported in these cell lines, consistent with the hypothesis
that defective repair, microsatellite instability and possibly
tumor formation all require loss of function of both alleles of
a particular mismatch repair gene. Microsatellite alterations
may not affect the phenotype of the cell, but they are a sensitive
measure of defective DNA mismatch repair, a likely precursory
event to neoplastic transformation of some cells (13).

Toyota ef al (14) have suggested that mismatch-repair
deficiency and loss of chromosome 10 are involved in
carcinogenesis of rat mammary tumors induced by 2-amino-
1-methyl-6-phenylimidazo[4,5-b]pyridine. The purpose of
our study was to determine the frequency of MSI in a widely
used model of mammary carcinogenesis induced in the rat
by treatment with MNU. The results of these experiments
demonstrate that 30% of rat mammary cancers harbor micro-
satellite instability suggesting its role in mammary carcino-
genesis. '
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Table I. List of rat primer sequence. PCR product size and
annealing temperature for microsatellite instability analysis.

Chromo- 5'-3" sequence Size AT

some (®bp) (O

DIMit6  AGA GCA ACT TCC AAA CAT ATAGG 214 56
TGT CAA TTG ACC CAC AGG AA

DIMitl4 TTC CAT CTA CTG CTG TTT AGG G 110 36
TCT GCCTTC TCA CAT GAA CA

DIMgh9 TGA CCT CCA CAC GTG CTA AG 139 56
AGA ATG CTC AGG AAA AGT TAG GG

DIMgh6 TGC ATG CCC ACA GTA CAC AT 127 56
CCA AGC ACA CTA ATG CCT GA

DIMgh2 ACC TGG ATG GGC CTC TGT 150 36
TGC ATC AATAAA ACC CTA ACT GG

D3Mit2  CAC CTC AAC ATC CCA CCA G 245 56
CTG AGA TAC AAG CGT CTC AGT G '

D3Mit3  ACT TCC ACA AGC ACA CCA TG 155 356
TCA CGT TTG TGA CAG CAA GA

D3Mgh4  GGA TCT GTA ACC CTC TTT GGG 140 356
AGT TTT GCT TGG CAA AAA TTA A

D3Mgh!  TCC ACA GGA AGC TTA GGC AT 148 56
TAA CCC AAG CAA CAC AAA ACC

D3Mgh7 CAC ACA GAC ATG TGC ACA ACA 128 36
GCA GGC AGT CAT CCA AGA AT

D3MghS AGC CAT GAC ATT GTC TTC TGG 131 56
GAA CTT TTT GAA TGG GAT AAA GAA

D3Mgh9 AGT ATC TCT TAT TCT GTG GGC TGG 125 56
CCC CTA TGA GTT TTA ATG ATC CC

D5Mitll  ACA ATA GGA AGG GCT ACA ATGTG 145 56
CAG CTA TGC CCT TCC ATC AT

D5Mit8  TGA CAG ACA GAC AGG TGC G 126 36
ATT ACA AAG TTT CCA GGA TGC C

D5MghS GAA CCA AGA AGG ATG AAA ATGG 177 56
AAT TGT AGT TGA GCC ATT CTG AA

D5Mit7  CCC GTG TTG GAT AAG GAA TG 182 56
GTG CTT TTC CTT GTT GGG TG

D5Mgh3 TCCTTC GTG CGG TGA ATT AG 102 56
TGT GTC CCA CAG GTC TCA AG

D7Mghl - CCCAATTTG GAATTTTTTAAA GG 126 56
CGT AGG CAT CTT TGC ATG AA

D7Mgh4 TTG TAG AAG GAG AGA GCT GAC C 131 56

TTA ATG TAT TAA TTT GTC TGC CCG

’ D7Mgh10" -TGC CTC TAA GAG TAT TGT TCA AAA 114 56
TAT TTT TGA TGA TTG CTC CCG

AGC AAAGCAAGTTAGCAGATCC 123 56
AAT TTT AAG GAA AGA GGC CTG G

D7Mgh9

Table I. Continued.

Chromo- 5'-3' sequence Size AT

some (bp) (O

D7Mitll  TCA AAC AAT ACA TGT ACG TGC C 84 56
ACA ATG GAG TCT CCT TTT ATG C

D8Mgh8  GTA GGG ACT TTG AAA TTG TCT GTG 139 56
TGA GGA ACA CTA GGG ATG CC

D8Mit5  CCT CTG GAT TCC ACA TGT AC 122. 56
I'TT TCC AGT CAG GAT TGA AG

D8Mghll CAG CCC ATG GGT GGA TAA TA 146 36

TAG GCA CAT GCA TAC GTA TCT ACA

D8Mght0 CTT TGA TAC TGT ACC AAC AGC ACC 134 56
AAT GTC AGG ATG GCA GAG AC

D8Mghl5 CCG AAA ACA GTT TCC TCT GC 130 56

CTA ATC CAA AGG GTT TAA CGT AGC

AT, annealing temperature.

Materials and methods

Induction of mammary cancer in rafs. Twenty-day-old female

- Sprague-Dawley rats (n=40) were obtained from Taconic

Farms (German town, NY). After 3-4 days, animals were
injected i.p. with 50 mg methylnitroséurea (MNU)/kg body
weight as previously described by our laboratory (15). Rats
were housed individually in an environmentally-controiled
room maintained at 22°C and 50% relative humidity with a
12-h light-dark cycle. All tumors and uninvolved mammary
gland, from a region adjacent to the tumor, were excised,
fixed in methacarn fixative. Samples were processed and
histologically classified using the published criteria (16).

Microdissection of paraffin-embedded tissues. Cells from
mammary gland adenocarcinomas and from uninvolved
mammary gland were microdissected from unstained 5 Hm
thick paraffin sections mounted on polylysine coated plastic
slides. One section from each sample was stained with
hematoxylin-eosin. Normal and cancerous regions of the
stained tissues were identified and marked under a light
microscope using x100 magnification. Microdissection of
identified normal and cancerous areas was performed by
carefully scraping with a surgical scalpel. The normal and
cancerous areas were collected into eppendorf tubes, using
the stained slide as a template. A separate blade was used for
scraping the normal and cancerous areas of each specimen.
Tissue from each component (normal or cancer) of each
specimen was pooled to obtain sufficient cells for DNA
extraction.

DNA extraction from microdissected, paraffin-embedded
tissues. DNA was isolated from the paraffin-embedded tissues
according to the following revised method of a previously
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Table II. Summary of the rat mammary cancer samples and microsatellite instability at different loci on chromosomes 1, 3.5,

7 and 8.

DIMitl4 DIMgh6 DiMgh? D3Mit3 D3Mgh7 D3MghS D3Mgh9 D5Mitl] D5Mgh5 D5Mgh3 D7Mghl D7Mitl | D8Mghl10
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described procedure (17,18). Briefly, the tissue was extracted
with 100-300 pl of xylene to remove the paraffin and then
treated twice with 100-300 ul of 95% ethanol. After air-
drying, the tissue pellets were digested in 200 il of solution
containing 0.1 M Tris-HCI, pH 8.0, 1 mM EDTA, 0.5%
Tween-20 and 0.5 mg/ml proteinase K at 55°C overnight. The
digested mixtures were heated at 95°C for 12 min to inactivate
the proteinase K and stored at -20°C until use.

PCR-MSI analysis. DNA was extracted from 30 micro-
dissected tumor and adjoining microscopically normal
specimens, amplified using PCR and analyzed for LOH using
27 different microsatellite DNA markers (D1Mit6, D1Mgh9,
DIMitl4, D1Mgh6, DiMgh2, D3Mit2, D3Mit3, D3Mgh4,
D3Mghl, D3Mgh7, D3Mghs, D3Mgh9, D5Mitl1, D5Mit8,
D5Mgh5, D5Mit7, D5Mgh3, D7Mghl, D7Mgh4, D7Mgh10,
D7Mgh9, D7Mit11, D8Mgh8, D8Mits5, D8Mghll, D8Mghi0,

D8Mghi5). PCR was performed according to our modified
version of a previously described procedure (18,19). Briefly,
10-100 ng of DNA were amplified by PCR in 25 pl of solution
containing 2.5 mM each of dATP, dGTP, dCTP and dTTP;
1 pCi [a-32P]dCTP; 0.1 uM upstream and downstream
primers, 0.11 pig Tagq start antibody (Clontech) and 1 unit of
Taq polymerase (Perkin-Elmer, Foster City, CA) in 1X PCR
buffer [10 mM Tris-HCY, 50 mM KCI, 1.5 mM MgCl, pH 8.3
(Perkin-Elmer, Foster City, CA)]. The PCR reaction was
started at 94°C for 3 min, followed by 45 cycles of
denaturing (94°C for 30 sec), annealing (56°C for 30 sec) and
chain extension (72°C for 30 sec), followed by 5 min at 72°C.
The primer sequences and annealing temperatures for each
pair of primers are listed in Table I. The PCR product (2 ul)
was mixed with an equal amount of sequencing stop solution
(Amersham, Arlington Heights, IL) denatured by heating and
electrophoresed on an 8% sequencing gel (19,20).

i O
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Table III. Summary of MSI analysis for MNU-induced
mamimary carcinoma of rat using 27 microsatellite markers,

MSI(-}*  MSI-L*  MSI-H¢ Total
No. of cases 21 3 6 30
Percentage of cases 70 10 20 100

“MSI(-). MSI was not preseat at all in 27 loci: *MSI-L. MS] was
detected at only 3 or less of 13 foci out of 27; *MSI-H. MSI was detected
at 4 or more of 13 loci out of 27.

-_—

Table IV. Frequencies of MSI of different markers.

Frequency in 9 cases
(out of 30) with MS]

Name of microsatellite
markers with MS]

6 D5Mit1 1, DSMgh3

5 DEMitl4, DIMgh6, DSMghs, D8Mgh|
4 DIMgh2, D3Mgh7

3 D3Mit3, D3Mghs, D7Mghi

2 D7Mitl 1

1 D3Mgh9

-

I}esults

Table T shows the sequence of primers used for accessing
microsatellite instability in rat mammary carcinomas. In the
present study, we used 27 different microsatellite polymorphic
DNA markers located atl, 3,5 7, and 8 chromosomes.
Selection of these primers was based on prior reports in
various rat epithelial cancers (14,21).

Table II shows the summary of the breast cancer cases and
genetic instability at different loci. The results of this study
suggest that 30% of cases (9 out of 30) showed microsatellite
instability at a minimum of 1 locus. Thirteen out of 27 different
DNA primers showed MSI in 9 cases out of 30.

 Table III shows summary of MSI analysis for NMU-
induced mammary éarcinogenesis. Three cases out of 30 (10%)
showed microsatellite instability at three loci or less, called
MSI-L (low frequency MSBD. Six cases out of 30 (20%) showed
MST at four loci or more and MSI-H (high frequency MSI).

Table IV shows frequency of MSI at different loci. Six
cases showed MSI at D5Mit] 1 and D5Mgh3 loci, five cases
showed MSI at DI1Mit14, DIMghé, D5Mgh5 and D8Mgh10
loci, four cases had MSI at DIMgh2, and D3Mgh7, three
‘cases had MSI at D3Mit3, D3Mgh35, D7Mghl, two cases had
MSTI at D7Miti1 and one case had MSI at D3Mgh9 locus.

~ Fig. 1 shows microsatellite instability at loci DIMgh2,
- DIMgh6, D1Mit14, D5Mgh3, D5Mgh3, D5Mit11, D7Mghl
and D8Mit10. These are some of the representative loci with
MSL The results of these experiments suggest that MSI may
be an important event in pathophysiology of mammary carcino-
genesis.
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N T N T N T
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s oin g
D5Mit11

D8Mit10

D7Mgh1

Figure 1. Microsatellite instability in rat mammary cancer. A representative
gain at DIMgh2, DiMghé, DIMit14, D5Mgh3, D5Mgh3, D5Mitl 1, D7Mgh!
and D8Mgh10 loci, in rat breast cancer sample (T) as compared to adjoining
normal tissue (N). Nine out of 30 (30%) cases showed genomic gain by using
27 different microsatellite markers,

Discussion

In addition to specific oncogene and tumor-suppressor gene
abnormalities, genetic instability of the abundant, highly
polymorphic, short nucleotide repeat sequences known as
microsatellites, have been found in various cancers (22,23).
Microsatellites constitute one of the most abundant classes of
repetitive DNA families in humans, Microsatellite instability
is widely accepted as an indicator of loss of mismatch repair
gene activity in human cancer cells (10,24). MSI is detected
in both sporadic and hereditary forms of colorectal cancer
and also in sporadic breast cancer (25), but mutations in
the mismatch repair enzymes appear 1o be rare in sporadic
colorectal cancers with MSI (5,8,26-28). An accumulation of
mutations within these genes is associated with a variety of
human cancers (7.29). In the present study, we found micro-
satellite instability in 9 out of 30 cases (30%) using 27 poly-
morphic microsatellite DNA markers,

It is important to distinguish between tumors demonstrating
low frequency of MSI and those having MST at multiple loci.
Unfortunately, there is no international consensus as to when
tumor should be ascribed to have MSL The group of De 1a
Chapelle (30) uses the definition that if a tumor shows MSI
in 2 or more markers, then the tumor is defined as RER*
(suggesting replication error). Using this definition, 8 out of
30 (27%) showed RER* in this study. Most authors define that
if' a tumor has MSI in at least one marker, then the tumor is
called RER* (31-35), Using this definition, 9 out of 30 (30%)
showed RER* in this study. It is quite possible that the
discrepancies in the literature concerning the frequency of



