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Frequent Loss of Heterozygosity at the MCC Locus on Chromosome 5q21-22 in

Sporadic Colorectal Carcinomas
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Recent studies have identified a gene on chromosome 5q, designated MCC (mutated in colorectal
cancers), as a candidate for the putative colorectal tumor suppressor gene that is located at 5q21. We
examined loss of heterozygosity (LOH) at the MCC locus and its vicinity in sporadic colorectal
carcinomas, using 12 RFLP (restriction fragment length polymorphism) markers. One clone, L5.71,
had been used to identify the MCC gene; all 12 markers also had tight linkage to the gene responsible
for adenomatous polyposis coli. All 40 cases studied were informative with at least one marker, and
22 of them (55%) showed LOH at one or more loci. LOH in the tumors was more frequent in the
immediate vicinity of 1.5.71 than in distant parts of the chromosome, and a common region of deletion
was detected between markers 1.5.62 and 15A6. In one case, alleles were retained at 1.5.71 and at loci
proximal to L5.71, but alleles were lost at loci distal to L5.71. In another case, both alleles were
retained at 15,71 but alleles were lost at loci proximal and distal to 1.5.71. These results support the
conclusion that a tumor suppressor gene for colorectal carcinoma is located within or around locus
L5.71.
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The allelic losses reported at specific chromosomal loci
in several types of human cancer™® have implied the
existence of a tumor suppressor gene on each chromo-
some in which a deletion was detected. Fearon and
Vogelstein” have reported a genetic model for tumori-
genesis in colorectal carcinoma which involves loss of
heterozygosity (LOH) on chromosomes 5q, 17p, and
18q, and point mutation of the ras gene. They have
also identified genes designated p33 and DCC (deleted
in colorectal carcinomas) as candidates for the tumor
suppressor genes on chromosomes 17p and 18q, respec-
tively.® ¥

Many groups have reported LOH on chromosome 3q
in colorectal carcinomas.'>' Barly estimates suggested
that 5q alleles were lost in at least 20% of colorectal
tumors. However, additional restriction fragment length
polymorphism (RFLP) markers located at chromosome
5q21-22 have revealed allelic losses in 50-60% of colo-
rectal carcinomas. These data have suggested the pres-
ence of a tumor suppressor gene in this region, and
recently a gene at 5921, designated MCC, was identified
as a candidate tumor suppressor for colorectal carci-
noma.'” This region of chromosome 5 also harbors the
gene responsible for adenomatous polyposis coli (APC),
an autosomal dominant disorder characterized by the
presence of hundreds to thousands of adenomatous

* To whom correspondence should be addressed.

polyps in the colon, some of which progress to malig-
nancy. The gene responsible for APC was mapped to
chromosome 5q21-22 by linkage studies.'® ' A map with
relatively high resolution for the location of the APC
gene was subsequently constructed by employing addi-
tional polymorphic markers, and a physical distance of
< 3,000 kb could be estimated between the APC locus
and the closest marker, YN5.48.'® However, whether the
MCC gene is involved in APC is not yet known.

To confirm the location of a tumor suppressor gene for
colorectal carcinoma on chromosome 3q, we undertook
detailed deletion mapping by examining LOH at the
MCC locus and in the surrounding region in 40 cases of
sporadic colorectal carcinoma. Of the 12 RFLP markers
used in our study, one (L5.71) contains two regions, each
highly conserved in rodent DNA, that were used to
identify the MCC gene. All 12 markers are tightly linked
to APC.

MATERIALS AND METHODS

Tumor specimens Tumors and their corresponding
normal mucosal tissues were obtained at surgery from 40
patients with colorectal carcinoma. Tissue specimens
were rinsed in phosphate-buffered saline and frozen in
liquid nitrogen immediately after removal. Routine
histopathological diagnoses were performed for all
tumors.
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Table I. Twelve RFLP Markers Used for the Analysis of
LOH on Chromosome 5q

Marker Restriction Sizes of polymorphic
enzyme alleles  (kb)

ES.53 Tagl 8.5/7.1
YN5.64 Tagl 6.8/5.8
L5.62 Bgill 10.5/6.2
L5.7% Mspl 1.3/1.0
1571 Mspl 4.4/4.3

Tagl 8.0/4.943.1
EF5.44 Mspl 2.7/2.1
15A6 Puull 4.2/2.6+1.6
YN5.48 Tagl 7.4/5.1
L5.69 Mspl 7.2/6.4
LS3.3 Mspl 24/1.5
E5.57 Pyull 32729
KK5.97 Tagl 6.9/6.5

DNA analysis Frozen samples were ground to a very
fine powder, transferred to a 15-ml tube and suspended
in 4 ml of lysis buffer. High-molecular-weight DNAs
were extracted in phenol/chloroform/isoamyl alcohol
as described by Sato et al® For analysis of LOH, DNA
from each sample was digested with an appropriate re-
striction enzyme, electrophoresed in 0.89% agarose gel,
and transferred to a nylon membrane (Pall Biodyne)
with 0.1 ¥ NaOH/0.1 M NaCl. The membrane was
neutralized in 2XS88C and fixed by UV cross-linking.
Prehybridization was performed in 7% PEG 8000/10%
SDS containing 200 yg/ml of denatured human placental
DNA or 100 zg/ml of denatured salmon sperm DNA, at
65°C overnight. Hybridization was conducted at 65°C for
16-24 h in the same solution, with a probe labeled with
[*P]dCTP by the random priming method.'”” After hy-
bridization, the membrane was washed twice in 0.1 X%
SSC/0.1% SDS at 65°C for 15 min and then exposed to
Kodak XAR film at —70°C. The membrane was stripped
in 0.4 N NaOH according to the method reported by
Donis-Keller ef al,”” and was repeatedly rehybridized.

LOH was recorded only if loss, or decrease in density,
of one of a pair of bands on the autoradiogram was
obvious. The probes used in this study, preferred restric-
tion enzymes, and allele sizes are given in Table L.

RESULTS

LOH on chromosome 5g21-22 in sporadic colorectal
carcinomas LOH was examined at 12 loci in all 40 cases.
Figure 1 shows the linear order of these markers on the
corresponding portion of chromosome 5q and the fre-
quency of LOH for each of them. The order of these
markers had been determined by physical and linkage
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Fig. 1. Genetic map of markers on chromosome 5q21-22 and
histogram showing the frequency of LOH at these loci. For
convenience, the region was divided into four sections (A-D).
A: ES.55, YN5.64, L5.62; B: L5.79, L5.71, EF5.44; C: 15A6,
YN35.48, L5.69; D: L85.3, E5.57, KK5.97.

mapping (unpublished data). All 40 cases were informa-
tive with at least one locus; 22 tumors (55%) showed
LOH with at least one locus, and 13 of those 22 (59.1%)
showed LOH at all informative loci. Because the number
of informative cases for some probes was very small, the
region was divided into 4 sections (A-D in Fig. 1) for
presentation as overall percentages of LOH for all probes
in each section. The most frequent losses were observed
within section B (45.89), where the MCC gene lies.
The frequencies of losses were 28.6% in section A and
30.8% in section C. In section D, containing the most
distal of the 12 markers, the frequency was 20.39%. These
data indicated that loss is most consistent in the region
surrounding 1.5.71.

Deletion mapping on chromosome 5¢ We constructed a
detailed deletion map of chromosome 5q in each tumor,
In 13 of the 22 tumors showing LOH, heterozygosity was
lost at all informative loci. Figure 2 presents the results
for the nine cases that showed loss of a small portion on
chromosome 5q. Five tumors (Nos. 1-5) had interstitial
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Detailed deletion mapping of 12 markers on chromosome 5q21-22 in nine sporadic colorectal carcinomas. The

loci are indicated above each map. Closed circles ( ® ) indicate LOH; open circles (O) and horizontal lines (—) indicate
no allelic loss and uninformative cases, respectively. Southern hybridizations of DNAs from tumor (T) and normal tissue
{N) are shown under each circle. A1, A2 are polymorphic fragments. The probes and preferred restriction enzymes and

allele sizes are described in Table 1.

deletions including 1.5.71. The deletions in tumors No. 1
and No. 2 were between YN5.64 and 15A6, and between
YN5.64 and YNS5.48, respectively. A common region of
deletion in these five tumors was identified in the region
between YNS.64 and 15A6. Although it is not certain
that the additional three tumors (Nos. 6-8) had intersti-
tial deletions, the results from these tumors also provided
information for a regional assignment. Combining the
results from the eight tumeors, a common region was
further localized to the region between L5.62 and L5.71,
the size of which is estimated to be nearly 3,000 kb.
Tumor No. 9 showed an interesting pattern of LOH;
1.5.71 was retained but both distal and proximal loci were
lost. As DNA of parents of this patient was not available,
it is unclear whether chromosomal losses had occurred in
only one chromosome, or whether the proximal region to
L5.71 was lost in one allele and the distal region was lost
in the other allele. If the latter is true, and in view of the
results from the other eight tumors, L5.71 may contain

the DNA sequence of a tumor suppressor gene associated
with colorectal cancer.

DISCUSSION

Recent studies of LOH have shown that one or more
tumor suppressor gene(s) for colorectal carcinoma might
exist on chromosome 5q21-22, and the MCC gene at
5q21 has been identified as a candidate for this function.
This chromosomal region, which includes the mapped
position of the APC gene, is often deleted from the
adenomas and carcinomas of patients with and without
APC.*' Therefore, a putative tumor suppressor gene on
chromosome 5q21 appears to play a significant role in
both sporadic and familial cases of colorectal tumors, but
there is as yet no evidence that the MCC gene is involved
in APC. In the work reported here, we detected a high
incidence of LOH in the region immediately surrounding
the MCC locus and showed that the frequencies of LOH
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increased according to the proximity of the markers to
MCC. Moreover, we constructed a detailed deletion map
and were able to detect a common region of deletion
between 15.62 and L.5.71. This means that at least one
tumor suppressor gene for colorectal carcinoma is
located in this region. The data from tumors No. 8§ and
No. 9 imply that an allele was deleted in each of them
proximal to L3.71; in tumor No. 9 an allele was deleted
both distal and proximal to L5.71. On the basis of this
information, L5.71 may detect sequences inside a tumor
suppressor gene itself. Such critical cases are rare, but
they can greatly assist the definitive identification of an
intragenic sequence. Thus, the present LOH data support
the possibility that the MCC gene located at L5.71 is a
tumor suppressor gene for colorectal carcinoma, but the
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relationship between the MCC gene and the putative APC
gene remains unclear.

Although colorectal carcinomas in the present study
demonstrated a high incidence of LOH in the region
surrounding the MCC locus, the frequency of LOH fell
to 20-30% in the region 5-10 cM away from the MCC
locus. Accordingly, a tumor suppressor gene may exist
near the region in which LOH is not so frequent, and it
is important to evaluate LOH data with great care.
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