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ABSTRACT

In the present study, replication errors (RERs) at
microsatellite loci were determined in oral squamous
cell carcinomas (OSCCs). Moreover frequencies of
microsatellite instability (MI) in 34 single primary can-
cers (SCs) were compared with those in 11 oral cancers
of multicentric or multiple primary cancers (MCs). In
3 (27.3%) of 11 MCs and 2 (5.9%) of 34 SCs, RER
phenotype was observed at two microsatellite loci on
chromosomes 1q and/or 2p. All the RER(+) cases
could be detected using BAT40 marker (1¢). In addi-
tion, none of OSCCs showed mutation of TGFj receptor
type II (TGFB RII). These results probably indicate
that genetic instability may play a little role in carcino-
genesis of OSCCs and development of oral cancers of
MCs, but RERs occurred in cancers of sibling patients
with multicentric cancer, and in one of them allele loss
at ktMLH1 was observed. The cancers of these patients
may be related to genetic defects of the mismatch repair

system.

INTRODUCTION

Microsatellites are short-repeated nucleotide se-
quences interspersed throughout the human genome.
The repeating unit comprising a microsatellite can be as
short as one or two nucleotides. Alterations of micro-
satellites consisting of extra or missing copies occur at
relatively high frequencies in hereditary non-polyposis
colorectal cancer (HNPCC)'™®. A tumor phenotype
displaying frequent replication errors (RERs) has been
associated with HNPCC*®. The RER phenotype is
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believed to be associated with a DNA mismatch repair
defect in the tumor cells as a consequence of inadequate
function of either hMLHI1, hMSH2, hPMS1, hPMS2 or
GTBPinvolved in mismatch repairt*® 1%, The RER(+)
has been reported not only in tumors associated with
HNPCC but also in sporadic form of tumors that devel-
oped in colon, stomach and others®*'2,  On the other
hand, Horii ef al. previously reported that the RER(+)
was observed high-frequent in MCs than in SC™.
The results suggest that genetic instability may play a
important role in development of MCs. The detection
of RER in tumors may constitute a useful marker for
screening of development of MCs'®. On the other
hand, Simada et al. described that frequency of RER(+)
in esophageal cancers of MCs was very low, and defects
of DNA mismatch repair system were not demanded in
the development of these multiple tumors'®.

TGFB inhibits growth of various epithelial cells and
TGFS Rl is the primary ligand for this'. Recently, it
was reported that TGFS RII frequently mutated in colon
and other cancers of RER(+)!617.

Mutation of p53 is the most common genetic alter-
ation associated with human cancer'®. A major func-
tion of p53 is believed to be as a cell cycle check point
gene and to induce by DNA damage with a cell cycle
arrest at G1-S interface’® 2V, Tumor cells lacking
wild-type 52 do not display this DNA damage-induced
cell cycle arrest®®. In addition, it is known that
wild-type p53 protein stimulates DNA repair through
Gadd 45 and ERCC 3%®. Thus, it is especially interest-
ing to reveal incidence of genetic changes of 53 gene in
the RER(+) and it is necessary to make clear an associa-
tion between genetic changes, such as mutaions in p53
genes and genetic instability caused by abnormalities of

DNA mismatch repair system.



MATERIALS AND METHODS

Tumor specimens and DNA preparation

Forty-five OSCCs including 11 oral cancers of MCs
were collected from surgical specimens. These materi-
als were immediately snap-frozen in liquid nitrogen or
fixed with formalin and embedded in paraffin. In
addition, corresponding normal tissues or lithium
heparinized blood were collected as a control source of
normal leukocyte DNA. Genomic DNA was isolated by
proteinase K digestion and phenol-chloroform extrac-
tion, as described previously””,

MI and LOH of TP53, hMLH1 and hMSH2

Microsatellite primer sets for the four loci examined
in the present study were previously described as
follows: D25123%, BAT25'%, BAT26'® and BAT40'.
Polymerase chain reaction (PCR) was performed in 15.0
ul reaction volumes with 20-50 ng of genomic DNA, 4.5
mM MgCl,, 200 uM each deoxynucleotide triphosphate,
2.0 pmol of labeled with [y-*P]ATP and unlabeled
primer, reaction buffer (X10) and 0.5 units of Taq
polymerase (Perkin Elmer Cetus, Norwalk, CT).
Conditions were standardized for all reactions and
consisted of 30 sec at 94°C, 30 sec at 55°C and 30 sec at
72°C for 40 cycles. A final extension cycle of 3.5 min
at 72°C was also included®. PCR products were elec-
trophoresed in 6% polyacrylamide-8M urea gels and
autoradiographed for 8-24 hours on Fuji RX film. MI
was scored when new alleles appeared in the tumor
tissue, compared with the normal tissue.

TP53, hMLH1 and hMSH2 CA dinucreotide repeat
primer sets were previously described as follows: TP53%,
D3S1611 and CA21". Allele loss was scored blind by
two individuals independently. The signal intensity
of the normal and tumor alleles were also analyzed by
scanning densitometry. Allele loss was inferred when
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the ratio of two alleles in the tumor tissues was below

50% of that in the matching normal tissues.

TGFpB RII assay

A 73bp fragment carrying TGFS RII gene adenine-
mononucleitide repeat was amplified, as previously
descrbed using primer sets BAT RII'*1?,

RESULTS

The detail of microsatellite markers and TGFj RII
adeninemononucleotide repeat marker were shown in
Table 1. Of 11 oral cancers of MCs, MI was observed
in 3 cases (27.3%) (Fig. 1a, 2, Table 2). In Cases M27
and MF29, RER phenotypes were observed using both
D2S123 and BAT40 markers (Fig. 1a, Table 3). Of 34
sporadic OSCCs, MI was found in 2 cases (5.9%) (Fig.
1a, 2, Table 2). In Cases S22 and S44, RER phenotype
was observed using only BAT40 markers (Table 3).
All the RER phenotypes could be detected with BAT40
marker. _

On the other hand, we examined mutation of TGFf
RII and LOH at p53, hMLH1 and hMSH2 loci with these
intragenetic or proximal microsatellite markers (TP53,
D3S1611 and CA21), and compared with RER status
(Table 3). In all tumors, the 10bp poly A tract of
TGFp RII was remained as both wild type alleles (Fig.
1b). LOH at TP53 was 7 tumors (36.8%) of 19 informa-
tive cases. Of RER(+) cases, Cases MF21 and S22
showed allele loss. Cases M27, MF29 and S44 showed
homozygous alleles as uninformative cases (Table 3).
Frequency of LOH at D3S1611 was 8.0% (2/25). Allele
loss at D351611 was observed in Case MF21 and S44 of
RER(+) cases (Table 3, Fig. 2). Frequency of LOH at
CA21 was 8.3% (2/24). Allele loss at CA21 was observed
in Case S44 of RER phenotype cases (Fig. 1a).

Cases MF21 and MF29 having multicentric oral can-

cers were in sibling relation. This family consisted of

Table 1 Microsatellite markers and TGFp type 1I receptor adeninemononucleotide

repeat marker

Marker Locus

Position in locus

D25123 (CA)ys  2pl6
BATZ5 (A)  4ql2
BAT26 (A)ys  2p21-22
BAT40 (A)sy  1q13.1

linked to AMSHZ2 gene

within an intron of ¢-kif oncogene
within intron 5 of AMSH2 gene
within an intron of 3-fhydroxysteroid dehydrogenase gene

TGFp type Il receptor codons 125-128




S44
TN
BAT40 D231é3 CA21
b) 123456
<— wild type
TGF Rl
Figure 1 a) RER phenotypes and allele loss of
hMSH2 gene with proximal marker CA21
in OSCCs. T; tumor, N, normal control.
Arrowhead; allele loss in tumor.
b) A 73bp fragment carrying TGFp RII
gene adeninemononucleitide repeat shown
in Lanes 1 (MF29), 2 (MF21), 3 (522), 4
(MF27), 5 (S44) and 6 (528). All the cases
showed wild type alleles.
Table 2 Frequency of RER+ cases in oral squa-
mous cell carcinomas
Single oral cancer 2/34 ( 5.9%)

Orallcancel'f of multicentric or 3/11 (27.3%)
multiple primary cancers

2°=321<3.84 P=0.0853 > 0.05

four brothers and four sisters. Of them, 3 siblings were
sufferd from oral cancer (Fig. 2). They had no habits
of drinking and smoking, and no specific backgrounds.
Of oral cancers of MCs without these cases, frequency
of MI was 11.1% (1/9).

DISCUSSION

According to a previous study®”, MI occurred in 7% of
tumor samples of principally OSCCs. It is suggested
that MI seems to occur during the clonal expansion
stage in oral tumors and there is no evidence linking
genomic instability for presence of p53 mutations. In
this study, frequency of MI in sporadic OSCCs was 5.9%
and RER was observed also at early stage of cancer
(Case S22). MI did not depend on sex, age and p53
LOH of cancers. On the other hand, Simada et al.
described that the frequency of RER(+) in esophageal
cancers of multiple primary cancers was very low, and
genetic defects in DNA mismatch repair pathway did
not play important roles in the development of these
multiple tumors'”. We determined MI in oral cancers
of MCs. The frequency of RER(+) was very low (27.3%)
(11.1%, if the familial cases excluded). These results
indicate that genetic instability may play a little role
in carcinogenesis of OSCCs and development of oral
cancer of MCs. To detect MI in OSCCs, BAT40 was a
good marker. Using only this marker, it must be
better to know whether or not a oral cancer is caused by
defecting the DNA mismatch repair system. Intere-
stingly, we experienced multiple oral cancers family.
Familial or hereditary OSCC was very rare. We ana-

lyzed genetic instability for oral cancers as Cases MF29

Table 3 RER phenotype cases of oral squamous cell carcinomas

age 5 TNM class.  other primary microsatellite RIT p53  hMLH1 hMSH2
gase No, and sex’ Jogadon and stage’ cancer markers’ mutation® LOH° LOH LOH?
M27 71 F gingiva T4N2aMO0, IV esophagus = D2S123 and BAT40 wt / MI /
MF29 51 M palate  T2N1MO, III tongue D2S123 and BAT40 wt bi / —
MF21 55F gingiva T4NOMO), IV palate BAT40 wt LOH LOH —
S22 46 M tongue  TINOMO, I — BAT40 wt LOH nd nd
S44 68 F gingiva T3NOMO, III —_ BAT40 wt Ve LOH LOH

a. F; female, M, male
b. TNM class.; TMN classification and clinical staging of the oral cancers were according to criteria of the Japan
Society for Head and Neck.
¢. RER phenotype: Microsatellite instability observed in these microsatellite markers.
d. Mutation of TGFB-RII at a 10bp poly A tract: wt, wild type alleles.
e, f, g. LOH of TP53, hMLHI (D3S1611) and #”MSH2 (CA21) CA repeats regions: —, heterozygous, /; homozy-
gous, nd; not determined, MI; microsatellite instability.
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Figure 2 a) Pedigree chart of a family with multiple
oral cancers. a; OSCC, primary site: buccal
(age: 50 years-old) and tongue (52 years-
old), b; OSCC, Case MF29, ¢; OSCC, Case
MF21, d; s/o colon cancer (29 years-old).
b) MI and allele loss at hMLH1 gene in
Cases MF29 and MF21. Allele loss at
hMLHI1 gene was observed in Case MF21.
Case MF29 showed homozygous alleles as
uninformative case. T; tumor, N, normal
control.

and SF21.  The cancers of these patients may be caused
by genetic instability. And in germiline of these
patients, there was a possibility of genetic defect of the
mismatch repair system.

TGFB RII has a 10 bp poly A tract in its open reading
frame and its mutations in cancers were concentrated at
this region as small insertion or deletion. In colon and
gastric cancers of RER(+), mutations were frequently
observed at this region of TGFA RII'Y. Mutaion of this
gene provides a common route for RER(+) carcinogen-
esis in both of upper and lower gastrointestinal tract.
In this study, we found no mutations at this gene in
RER(+) OSCCs. Whereas RER(+) oral cancers may
proceed by a different mechanism and perhaps oral
cancers have not commonly required 7GFJ resistance.

In conclusion, infrequent MI and no mutation of TGFS
RII were shown in OSCCs including oral cancers of

MCs. In the cancers of sibling patients, RER pheno-
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type and allele loss at AMLH1 were observed. Further
work is needed to examine MI in dysplasias of oral
mucosa, and to detect mutation of hMLH1 gene in

germline.

REFERENCES

1) Hemminki, A., Peltomiki, P., Mecklin, J.P.,
Jarvinen, H., Salovaara, R., Nystrom-Lahti, M.,
Chapelle, A. and Aaltonen, L.: A., Loss of the
wild type MLH1 gene is a feature of hereditary
nonpolyposis colorectal cancer. Nature genetics,
8, 405-410, 1994

2) Parsons, R., Li, G.M., Longley, M., Modrich, P.,
Liu, B., Berk, T., Hamilton, S.R., Kinzler, KW. and
Vogelstein, B.: Mismatch repair deficiency in
phenotypically normal human cells.  Science, 268,
738-740, 1995.

3) Peltomicki, p., Lothe, R.A. and Aaltonen, L.A.:
Microsatellite instability is associated with tumors
that characterize the hereditary non-polyposis
colorectal carcinama syndrome. Cancer Research.,
53, 5853-5855, 1993.

4) Tonov, Y., Peinado, M.A., Malkbosyan, S., Shibata,
D. and Perucho, M.: Ubiquitous somatic muta-
tions in simple repeated sequences reveal a new
mechanism for colonic carcinogenesis. Nature,
363, 558-561, 1993.

5) Aaltonen, L.A., peltomaki, P., Mecklin, J.P.,
Jarvinen, H., Jass, J.R., Green, J.S., Lynch, H.T,,
Watson, P., Tallqvist, G., Juhola, M. et al.:
Replication errors in benign and malignant
tumours from hereditary nonpolyposis colorectal
cancer patients. Cancer Research, 54, 1645-1648,
1994.

6) Papadopoulos, N., Nicolaides, N.C. and Wei, Y.-F.
etal.. Mutation of a mut L homolog in hereditary
colon cancer. Science, 260, 1625-1629, 1994.

7) Leach, F.S.,, Nicolaides, N.C., Papadopoulos, N.,
Liu, B, Jen, J., Parsons, R., Peltomiki, P., Sistonen,
P., Aaltonen, L.A., Nystrom-Lahti, M., Guan, X.-Y.,
Zhang, J., Meltzer, P.S., Yu, J]-W., Kao, F.-T., Chen,
D.J., Cerosaletti, KM., Fournier, RE.K., Todd, S.,
Lewis, T., Leach, R.J., Naylor, S.L., Weissenbach,
J., Mecklin, J.-P., Jarvinen, H., Petersen, G.M.,
Hamilton, S.R., Green, ]., Jass, J., Watson, P.,
Lynch, H.T., Trent, J.M., de la Chapelle, A.,
Kinzler, K.W. and Vogelstein, B.: Mutation of
a mutS homolog in hereditary nonpolyposis
colorectal cancer. Cell, 75, 1215-1225, 1993.

8) Nicolaides, N.C., Papadopoulos, N., Liu, B., Wei,
Y.F., Carter, K.C., Ruben, S.M., Rosen, C.A.,
Haseltine, W.A., Fleischnmann, R.D., Fraser,
C.M., Adams, M.D., Venter, J.C., Dunlop, M.G.,
Hamilton, S.R., Pertersen, G.M., de la Chapelle, A.



152

9

10)

11)

12)

13)

14)

15)

16)

17)

18)

and Vogelstein, B.: Mutation of two PMS homo-
logues in hereditary nonpolyposis colon cancer.
Nature, 371, 7580, 1994.

Palombo, F., Gallinari, P., laccarino, L, Lettieri, T.,
Hughes, M., D’Arrigo, A., Truong, O., Hsuan, JJ.
and Jiricny, J.. GTBP, a 160-kilodalton protein
esssential for mismatch-binding activity in human
cells. Science, 268, 1912-1914, 1995.
Papadopoulos, N., Nicolaides, N.C., Liu, B., Par-
sons, R, Lengauer, C., Palombo, F., D’Arrigo, A,
Markowitz, S., Willson, K.V,, Kinzler, KW., Jiricny,
J. and Vogelstein, B.: Mutations of GTBP in
genetically unstable cells. Science, 268, 1915-
1917, 1995.

Thibodeau, S.N., Bren, G. and Schaid, D.:
Microsatellite instability in cancer of the proximal
colon. Science, 263, 816-819, 1993.

Semba, S., Yokozaki, H., Yamamoto, S., Yasui,
W. and Tahara, E.: CA repreat instability in can-
cers and precancerioud lesions of the stomach.
Cancer, 76S, 1996.

Horii, A., Han, H.-J., Shimada, M., Yanagisawa, A.,
Kato, Y., Ohta, H., Yasui, W., Tahara, E. and
Nakamura, Y.: Frequent replication errors at
microsatellite loci in tumors of patients with mul-
tiple primary cancers. Cancer Research, 54, 3373—
3375, 1994.

Shimada, M., Horii, A., Sasaki, S., Yanagisawa, A.,
Kato, Y., Yamashita, K., Okagawa, K., Yamasaki,
K., Ishiguro, S., Inoue, M., Shiozaki, H. and
Nakamura, Y.. Infrequent replication errors
at microsatellite loci in tumor of patients with
multiple primary cancers of the esophagus and
various other tissues. Jananease Journal of Can-
cer research, 86, 511-515, 1995.

Wrana, J.L., Attisano, L., Weiser, R., Ventura, F.
and Massagué, J.. Mechanism of activation of the
TGF-B receptor. Nature, 370, 341-347, 1994.
Parsons, R., Myeroff, L.L., Liy, B., Willson, J.K.V,,
Markkowitz, S.D., Kinzler, KW. and Vogelstein,
B.: Microsatellite instability and mutations of the
transforming growth factor  type Il receptor gene
in colorectal cancer. Cancer Research, 55, 5548—
5550, 1995.

Myeroff, LL., Parsons, R., Kim, S.-J., HedricK, L.,
Cho, K.R, Orth, K., Mathis, M., Kinzler, WK,
Lutterbaugh, J., Park, K., Bang, Y.-J., Lee, H.Y,,
Park, J.-G., Lynch, H.T., Roberts, A.B., Vogelstein,
B. and Markowitz, S.D.: A transforming growth
factor B receptor type II gene mutation common in
colon and gastric but rare in endometrial cancers
with microsatellite instability. Cancer Research,
55, 5545-5547, 1995.

Donehower, L.A., Harvey, M., Slagle, B., McArthur,
M.J., Montgomery, C.A., Jr., Butel, J.S. and Bradley,

19)

20)

21

22)

23)

24)

25)

26)

27)

28)

29)

30)

A.: Mice deficient for p53 are developmentally
normal but susceptible to spontaneous tumours.
Nature, 356, 215-221, 1992.

Hall, P.A., McKee, P.H., Menage, H.D., Dover, R.
and Lane, D.P.: High levels of p53 protein in UV
irradiated human skin. Oncogene, 8, 203-207,
1993.

Kastan, M.B., Onyekwere, O., Sidransky, D.,
Vogelstein, B. and Criag, RW.: Participation
of p53 protein in the cellular response to DNA
damage. Cancer Research, 51, 6304-6311, 1991.
Maltzman, W. and Czyzyk, L: UV irradiation
stimulates levels of p53 cellular tumor antigen
in nontransformed mouse cells. Molecular Cell
Biology, 4, 1689-1694, 1984.

Livingstone, L.R., White, A., Sprouse, J., Livanos,
E., Jacks, T. and Tlsty, T.D.: Altered cell cycle
arrest and gene amplification potential accompany
loss of wild-type p53. Cell, 70, 923-935, 1992.
Yin, Y., Tainsky, M.A., Bischoff, F.Z., Strong, L.C.
and Wahl, G.M.: Wild-type p53 restores cell cycle
control and inhibits gene amplification in cells with
mutant p53 alleles. Cell, 70, 937-948, 1992.
Waga, S., Hannon, G.J., Beach, D. and Stillman, B.:
The p21 inhibitor of cyclin-dependent kinase con-
trols DNA replication by interaction with PCNA.
Nature, 369, 574-577, 1994.

Smith, M.L., Chen, I-T,, Zhan, Q., Bae, 1., Chen,
C.Y., Gilmer, T.M., Kastan, M.B., O’Connor, P.M.
and Fornace Jr, AJ.: Interaction of the p53-regu-
lated protein Gadd45 with proliferating cell nuclear
antigen. Science, 266, 1376-1379, 1994.
Sambrook, J., Fritsch, E. and Maniatis, T.: Cold
Spring Laboratory: A Laboratory Manual. Cold
Spring Harbor Laboratory, New York, 1989.
Goelz, S.E., Hamilton, S.R. and Vogelstein, B.:
Purification of DNA from formaldehyde fixed and
paraffin embedded human tissue. Biochemistry
Biophysics Research Communication, 130, 118-126,
1985.

Weissenbach, J., Gyapay, G., Dib, C., Vignal, A,,
Morissette, J., Milasseau, P., Vaysseix, G. and
Lathrop, M.: A second-generation linkage map of
the human genome [see comments]. Nature,
359, 794-801, 1993.

Jones, M.H. and Nakamura, Y.: Detection of loss
of heterozygosity at the human TP53 locus using a
dinucleotide repeat polymorphism. Genes, Chro-
mosomes and Cancer, 5, 89-90, 1992.

Ishwad, C.S., Ferrell, R.E., Rossie, KM., Appel,
B.N,, Johnson, J.T., Myer, ENN. Law, J.C,
Srivastava, S. and Gollin, S.M.: Microsatellite
instability in oral cancer. International Journal of
Cancer, 64, 332-335, 1995.



