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Hereditary nonpolyposis colorectal
cancer (HNPCC) is one of the most
common autosomal dominantly in-
herited diseases, affecting as many as
one in every 200-400 individuals in the
Western world. HNPCC is responsible
for up to 15% of all colorectal cancers
(7). It has recently been shown that the
mismatch repair genes, h(MSH2, hMLH]1,
hPMSI, and hPMS?2, are mutated in the
germline of affected members in
HNPCC families (2-6), as well as for
some apparently nonhereditary cancer
patients (7-9). A combination of linkage
and mutational analysis has indicated
that hMSH2 and hMLHI are likely to
be the prevalent genes responsible for
HNPCC, accounting for 80%-90% of
HNPCC cases (/0-13), while hPMSI
and hPMS?2 are thought to account for
only a minor fraction of cases. The iden-
tification of the causative mutations in
HNPCC families is desirable, since it al-
lows the carrier status of unaffected
relatives at risk to be determined.

The Korean Hereditary Colorectal
Cancer Registry was established in
1991, and we have registered HNPCC
families on the basis of the minimal
criteria proposed by the International
Collaborative Group on HNPCC (ICG-
HNPCC) (/4). We have also registered
families who do not fulfill the ICG-
HNPCC criteria but where a genetic
basis of colon cancer is strongly sus-
pected (categorized as suspected
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HNPCC families) because of the fol-
lowing features: 1) vertical transmission
of colorectal cancer or at least two
siblings affected with colorectal cancer
in a family; and 2) development of mul-
tiple colorectal tumors or at [east one
colorectal cancer case diagnosed before
the age of 50 years. Data concerning the
early-onset patients who had developed
colorectal cancer before the age of 40
years without any family history of dis-
ease were also collected through the
Department of Surgery, Seoul National
University Hospital.

To investigate the genetic status of
hMSH2 and hMLH! genes in 25
Korean HNPCC kindreds, 17 suspected
HNPCC patients, and 22 early-onset
colorectal cancer patients, single-strand
conformation polymorphism (SSCP)
was used to screen for the mutations,
followed by sequencing of the DNA
fragments displaying abnormal SSCP
pattern. Genomic DNAs were prepared
from white blood cells as described by
Blin and Stafford (/5). The polymerase
chain reaction primers and methods for
amplification of each exon in hMSH2
and hMLHI and sequence analysis have
been previously described (/0,13)

The germlime mutations detected in
this study are summarized in Table 1. A
total of 13 germline mutations were
detected by SSCP analysis.

The frequency of mutations in
hMSH2 and hMLHI for the patients is
given in Table 2. Among 25 classic
HNPCC families, we found eight muta-
tions in the hMLHI gene (32%) but
none in the hMSH2 gene. In particular,
codon 586 of exon 16 in the hMLHI
gene was the frequently mutated site,
accounting for four of 12 mutations
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Table 1. Summary of mutations found m hMSH2 and hMLH1

Sample Exon Codon Mutation Base change*

hMSH2
SNU-YC13t 10 506 Missense GAC(Asp)->TAC(Tyr)

hMLH1
SNU-HI1# 15 574 Missense CTC(Leu)»>CCC(Pro)
SNU-H2¢ 14 542 Missense CAG(GIn)>CTG(Leu)
SNU-H4% 11 336 Frame-shift 1-bp (G) deletion
SNU-H5% 16 586 Frame-shift 1-bp (C) insertion
SNU-H7% 9 Splicing donor Abnormal splicing ACC]gtaa—-ACC]gaaa
SNU-H14 14 549 Missense CTT(Leu)—>CCT(Pro)
KRU-H1$ 16 586 Frame-shift 1-bp (C) insertion
KHU-H1 16 586 Frame-shift 1-bp (C) insertion
SNU-H1006 8 217 Missense CGC(Arg)»>TGC(Cys)
SNU-H1009 19 751 Frame-shift 2-bp (AA) deletion
SNU-H1010 9 231 Frame-shift 1-bp (T) deletion
SNU-H1017 16 586 Frame-shift 1-bp (C) insertion

*bp = base pair; Asp = aspartic acid; Gln = glutamine; Leu = leucine; Arg = arginine; AA = amino acid; Pro = proline; Cys = cysteine; Tyr = tyrosine.

1YC = early-onset colorectal cancer.
{Genomic DNA change previously reported (/3).

(33%). The mutation in the four families
is likely the result of a common origin
rather than the biological hot spot.
Recent reports (/6,/17) from other
regions also describe frequent mutations
in exon 16 of hMLH1. These, together
with our results, suggest that exon 16 is
likely to be the clustered site for muta-
tions in the hMLH1 gene.

In suspected HNPCC families, one
missense and three frame-shift muta-
tions were detected in the hMLH1 gene
(24%); no mutations were detected in
the hMSH2 gene. The criteria (/4) by
which HNPCC was defined have under-
estimated the prevalence of HNPCC be-
cause it excludes cases of small nuclear
families and extracolonic cancers asso-
ciated with HNPCC. Although such
criteria have greatly contributed to the
diagnosis of HNPCC, the recently de-
scribed (2-6) genetic defects in mis-
match repair genes related to HNPCC
may obviate reliance on such strict
criteria. The 24% incidence of muta-
tions in suspected HNPCC families sug-
gests that our criteria are useful for the

diagnosis of HNPCC and can be applied
when devising strategies for the surveil-
lance of at-risk members in these
suspected HNPCC families.

In 22 patients with early-onset spo-
radic colorectal cancer, only one mis-
sense mutation in hMSH2 was
identified. The relatively low incidence
of mutations may have resulted from the
fact that most of these patients (17 of
22) had cancers located in the rectum
instead of the colon.

Since we screened the mutation only
in the hMSH2 and hMLHI genes, we
cannot rule out the possibility of a
higher frequency of genetic alteration in
other mismatch repair genes. Interest-
ingly, mutations in the hMLHI gene are
much more frequent than in the hMSH2
gene in Korean HNPCC patients. As a
whole, only one hMSH2 mutation was
detected among 13 mutations in both of
the genes. This result is different from
those of previous reports (/0,/8,19).
The role of the hMSH2 gene in
predisposition to HNPCC has been
reported to be more significant than that

of hMLH1 (2-6,10,19). Recently, how-
ever, more frequent mutations in
hMLH1 gene in Dutch (35%) and Fin-
nish HNPCC kindreds (58%) have been
reported (/7,20). Some of these proved
to be founder mutations. Although we
cannot completely rule out the founder
effect for the higher mutation rate in
hMLHI1, our results reveal that the
hMLHI gene has a relatively significant
role in the predisposition of Korean
HNPCC. It is important to note that the
significant ratio of mutations in hMLH1
and hMSH?2 genes is based on the iden-
tical screening approach and condition,
so it is unlikely that the low proportion
of hMSH2 mutations is due to biased
selection or technical shortcomings.

The results of accurate presymp-
tomatic diagnosis can be used to screen
family members and assess their risk of
developing colorectal cancer. The cri-
teria for suspected HNPCC in this
study, as well as those of the ICG-
HNPCC will, when combined with
genetic diagnosis, have a great impact
on the management of families affected
by HNPCC. The information on the
mutations derived from this study will
contribute to the surveillance of those at
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Table 2. Frequency of mutations in hMSH2 and hMLH1 risk in HNPCC families.

hMSH2:
No. of frequencies/
No. of genes (%)

hMLHI1:
No. of frequencies/
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REFERENCE The Biological Response Modiflers Program (NCI), the Division of Microbiology and
' Infectious Diseases (NIAID), and the National Institute for Biological Standards and
Control (United Kingdom) have made available reference reagents for murine and
human cytokines. The reagents are available in small amounts (approx. 1 ug/sample)
REAGENTS for use In the calibration of in vitro bioassays and in-house standards only and are not
to be used for experimental purposes.
F OR HUMAN REFERENCE REAGENTS CURRENTLY AVAILABLE:
IFN-a IL-1-a IL-3 IL-6 G-CSF TGF-B1
IFN-B IL-1-B IL-4 IL-7 GM-CSF TNF-a
MURINE IFN-y IL-2 IL-5 IL-8 M-CSF TNF-B
LIF
MURINE REFERENCE REAGENTS:
AND HUMAN IFN-o L3
IFN-8 IL-4
IFN-y GM-CSF
CYTOKINES THF®
: Dr. Craig W. Reynolds
Blological Response Modifiers Program
. NCI-FCRDC
TO OBTAIN THESE REAGENTS, CONTACT: Bullding 1052, Room 253
Frederick, MD 21702-1201
FAX: 301-846-5429
Shipments will be made collect express. Please allow 3 to 4 weeks for delivery.
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