Jpn. J. Cancer Res. 90, 629-632, June 1999

Mutational Analysis of STK11 Gene in Ovarian Carcinomas
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Recently STK11, the causative gene of Peutz-Jeghers syndrome (PJS) was identified on chromo-
some 19p13.3. PJS is often accompanied by several malignancies, including breast tumor, adenoma
malignum of the uterine cervix, and ovarian tumor. To investigate the involvement of STK11 gene
in the development of ovarian carcinomas, we analyzed 30 ovarian carcinomas for loss of hetero-
zygosity (LOH) and STK11 gene mutations. We found one missense mutation (codon 281, Pro to
L eu) with heterozygous and somatic status. This mutation occurred at codon 281, which lies within
the mutational hot spot (codon 279-281) of STK1l gene previously reported in PJS. We also
detected LOH in 2 (11%) of 19 infor mative ovarian carcinomas. Our results suggest that mutations

of the STK11 gene may play a limited role in the development of ovarian carcinomas.
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Peutz-Jeghers syndrome (PJS) is an autosomal dominant
hereditary disease characterized by hamartomatous poly-
posis in the stomach, small intestine, and colon, as well as
mucocutaneous pigmentation.>? Previous studies reported
that PJS is often accompanied with a higher incidence of
other malignancies, such as breast cancer,® adenoma
malignum of the uterine cervix,? testicular tumors,® and
ovarian tumors,® and that patients with PJS have an 18-
fold higher risk of malignancy than the general popula-
tion.” Recently, the PJS gene was identified®® and named
STK11; it encodes a novel serine/threonine kinase and is
located on chromosome 19p13.3. Truncating germline
mutations were identified in patients with PJS in both
Caucasians and Japanese.2'® The STK11 gene is thought
to act as a tumor suppressor gene, as evidenced by loss of
heterozygosity (LOH) in PJS polyps.* In sporadic tumors,
STK11 gene mutations were observed in colon cancer'?
and testicular tumor,™® though no mutation has been
reported in breast cancer.® Sato et al.'® reported alelic
deletions of chromosome 19p in one-third of ovarian car-
cinomas, so we performed LOH analysis on 19p near the
STK11 locus and mutational analysis of the STK11 gene of
30 ovarian carcinomas of sporadic form in order to deter-
mine whether STK11 genetic alterations contribute to the
development of ovarian carcinomas.

MATERIALS AND METHODS

Preparation of DNAs Materials used in this study were
obtained during the course of surgical treatments at Sap-
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poro Medical University Hospital. We examined 30 fresh
frozen samples of various types (22 serous type, 3 muci-
nous type, 4 clear cell type, 1 endometrioid type). DNAs
were extracted from fresh frozen samples according to
methods described elsewhere.’® Histological diagnosis of
each tumor was classified according to the WHO classifi-
cation,*” and clinical stage was determined according to
the International Federation of Gynecology and Obstet-
rics.'®

LOH analysis Matched pairs of norma and tumor
genomic DNA of each sample were analyzed for LOH
with a microsatellite marker mapped on 19p13.3,
D19S886. Polymerase chain reaction (PCR) products were
subjected to electrophoresis, followed by staining of the
gel with SYBR green | (FMC BioProducts, Rockland, ME)
as described elsewhere.®

PCR single-strand conformation polymorphism (PCR-
SSCP) and nucleotide sequence analysis All samples
were screened for genetic alterations of exons 1-9 contain-
ing the entire coding region of STK11l by PCR-based
SSCP analysis. PCR primers used in this study were
described previously.*? PCR amplification was carried out
in 20 ul of each reaction mixture containing 10 mM Tris-
HCI (pH 8.3), 50 mM KCI, 1.5 mM MgCl,, 0.2 uM of
each dNTP, 0.4 mM of each primer, 50 ng of genomic
DNA and 0.5 units of TaKaRa Tag (a recombinant Taq
DNA polymerase, TaKaRa, Ohtsu). Mixtures were heated
to 94°C for 2 min, and then cycled 35 times; each cycle
consisted of denaturation at 94°C for 30 s, annedling at
58-66°C™ for 30 s, and strand elongation at 72°C for 30
s. PCR products were denatured and subjected to electro-
phoresis in 12% polyacrylamide gel (ratio of acrylamide/
bis-acrylamide, 39:1) with 10% glycerol at 17°C. After
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Fig. 1. A. Representative example of LOH on D19S886 locus in T-25. T and N: paired DNA samples isolated from tumor and normal
tissue. The tumor sample shows loss of one allele when compared to the normal heterozygote. B. STK11 mutation in ovarian carcinoma.
An arrow indicates nucleotide change (CCG to CTG) at codon 281 in T-32.

electrophoresis, gels were stained with SYBR green |l
(FMC BioProducts). The nucleotide sequence of aberrant
PCR products was directly determined using an Applied
Biosystems model 377 DNA sequencer (Perkin-Elmer
Cetus, Norwalk, CT) with a PCR primer and a Dye termi-
nator Cycle Sequencing FS Ready Reaction Kit (Applied
Biosystems, Foster City, CA). Each mutation was verified
in both the sense and antisense directions.

RESULTS

We conducted LOH analysis of pairs of 30 ovarian car-
cinomas, by using a microsatellite marker, D19S386,
located on 19p13.3. Two (11%) of 19 informative ovarian
carcinomas showed LOH at this loci (Fig. 1A). No sec-
ond-hit mutations were found in the coding region of the
STK11 gene in these two cases with deletion.

To screen aterations of the STK11 gene in 30 primary
ovarian carcinomas, we performed PCR-SSCP analysis of
the entire coding region of STK11 gene. In one case (T-32,
3.3%), an aberrant SSCP pattern in exon 6 was detected.
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Nucleotide sequence analysis of this case revealed a mis-
sense mutation at codon 281 (CCG to CTG) that would
result in a substitution of Pro to Leu in the predicted pro-
tein (Fig.1B). The somatic nature of this mutation was
established by nucleotide sequencing derived from normal
tissue of the same patient (data not shown). A microsatel-
lite marker at the D19S886 locus was retained in T-32,
and direct nucleotide sequencing revealed no significant
loss of norma C in the T-32 tumor. Our previous data®®
indicated complete LOH on the TP53 locus of T-32,
excluding the possibility of contamination with normal tis-
sue, suggesting that mutation affected one of the two
aleles. These results suggest that the status of this muta-
tion was somatic and heterozygous. To characterize the
role of this mutation in ovarian carcinoma, the clinico-
pathological status of this case (T-32) was analyzed, as
regards onset age, FIGO Stage, histology, and familia
malignancies. The patient (T-32) was 45 years old, stage
IV, clear cell carcinoma, and there were no familia malig-
nancies within the second-degree relatives.



DISCUSSION

This paper reports a search for STK11 gene mutations in
ovarian carcinomas, although the sample size was limited.
We found a low frequency of LOH at D19S886 and infre-
guent somatic mutation of STK11 in ovarian carcinomas.
Similar results were observed in sporadic colon,®
breast,” and testicular tumors.*® On the other hand, Dong
et al.'? reported that left-side colon cancer had frequent
genetic aterations in both aleles of the STK11 gene; they
suggested that STK11 is a tumor suppressor gene and that
genetic alterations of STK11 could contribute to develop-
ment of left-side colon cancer. However, we were not able
to detect “two-hit” mutation in our case (T-32) with
STK11 mutation; nucleotide sequencing of T-32 reveaed
both mutant (CTG) and normal (CCG) alleles. Somatic
and heterozygous mutations of STK11 were found in
testicular'™® and colon tumor,'? including the same muta-
tion at codon 281 (CCG to CTG) that we identified in this
study. Nakagawa et al.’® also reported that frequent muta-
tions in PJS patients occurred at the mononucleotide-
repeat region (CCCCCC) corresponding to codons 279—
281, which includes the mutation in this study. Some of
the mutations clustered in this region might be associated

REFERENCES

1) Peutz, J. L. A. On avery remarkable case of familia poly-
posis of the mucous membrane of the intestinal tract and
nasopharynx accompanied by peculiar pigmentation of the
skin and mucous membrane. Ned. Tijdschr. Geneeskd., 10,
134-146 (1921).

2) Jeghers, H., McKusick, V. A. and Katz, K. N. Generalized
intestinal polyposis and melanin spot of the oral mucosa,
lips and digits. N. Engl. J. Med., 241, 1031-1036 (1946).

3) Trau, H., Schewach-Millet, M., Fisher, B. K. and Tsur, H.
Peutz-Jeghers syndrome and bilateral breast carcinoma.
Cancer, 50, 788-792 (1982).

4) Podczaski, E., Kaminski, P. F., Pees, R. C., Singapuri, K.
and Sorosky, J. |. Peutz-Jeghers syndrome with ovarian sex
cord tumor with annular tubules and cervical adenoma
malignum. Gynecol. Oncol., 42, 74-78 (1991).

5) Cantu, J. M., Rivera, H. and Ocampo-Campos, R. Peutz
Jeghers syndrome with feminizing Sertori cell tumor. Can-
cer, 46, 223-228 (1980).

6) Young, R. H., Welch, W. R., Dickersin, G. E. and Scully,
R. E. Ovarian sex stroma tumor with annular tubules.
Review of 74 cases including 27 with Peutz-Jeghers syn-
drome and 4 with adenoma malignum of the cervix. Can-
cer, 50, 1384-1402 (1982).

7) Giardiello, F. M., Welsh, S. B., Hamilton, S. R., Offerhaus,
G. J. A, Gittelsohn, A. M., Booker, S. V., Krush, A. J,
Yardeley, J. H. and Luk, G. D. Increased risk of cancer in
the Peutz-Jeghers syndrome. N. Engl. J. Med., 316, 1511—
1514 (1987).

Mutation of STK11 in Ovarian Carcinomas

with a defect of DNAs mismatch repair systems, athough
our previous results showed that T-32 revealed no RER(+)
phenotype.?® Therefore, we consider that somatic mutation
in one alele of STK11 may contribute to the devel opment
of a subset of ovarian carcinomas.

These data do not exclude the possibility of the STK11
gene being inactivated through genetic aterations, since
the mutation screening approach used does not alow the
detection of some mutation types, such as large genomic
deletion. Furthermore, PJS has been reported to be accom-
panied with sex stromal ovarian tumors,® but we exam-
ined only epithelial ovarian carcinomas. The role of STK11
genetic aterations in other types of ovarian tumor should
be examined. Our results suggest that somatic and het-
erozygous mutation of STK11 gene may play alimited role
in the development of epithelial ovarian carcinoma.
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