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ABSTRACT

We have examined loss of heterozygosity on the short arm of chromo
some 8 in 133 colorectal carcinomas, using 20 restriction fragment length
polymorphism markers. Loss of heterozygosity was observed in 58 (44%)
of 131 tumors that were informative with at least one locus. Among these
58,32 revealed a partial or interstitial deletion of chromosome 8p. Detailed
deletion mapping of chromosome 8p in these tumors identified two dis
tinct, commonly deleted regions. One was located between markers ( 'IX-

266 and pSVL-LPL at 8p23.2-8p22, and the other between CI8-319 and
CI8-494 at 8p21.3-8pll.22. The genetic lengths of these two intervals were

estimated to be 28 and 18 cM, respectively. The results suggest that at least
two tumor suppressor genes associated with colorectal carcinomas are
present on chromosome 8p. Correlation of loss of heterozygosity on 8p to
the clinicopathological stage was also detected, suggesting that inactiva-

tion of a tumor suppressor gene(s) on 8p plays a role in progression of
colorectal carcinomas.

INTRODUCTION

Numerous studies based on techniques of molecular biology have
disclosed some basic cellular mechanisms leading to cancer, and it is
now generally accepted that transformation of a normal cell to a
malignant cell follows an accumulation of genetic alterations in pro-

tooncogenes and tumor suppressor genes ( 1). Frequent observations of
allelic losses at specific chromosomal loci in several types of human
cancer have implied the presence of a putative tumor suppressor gene
on each chromosome where a deletion was detected. For example, two
tumor suppressor genes, MCC (mutated in colorectal cancer) and APC
(adenomatous polyposis coli), were isolated by positional cloning
from band q22 on chromosome 5 (2, 3), where frequent losses of
heterozygosity have been observed in both adenomas and carcinomas
(4). Furthermore, from regions of chromosome 17p and 18q where
allelic losses are often detected in CRCs,1 the p53 and DCC (deleted

in colorectal carcinoma) genes were identified (5, 6) as candidates for
tumor suppressor genes.

We previously reported frequent LOH also for loci on chromosome
8p in CRCs, hepatocellular carcinomas, and lung cancers (7). To
define the location of a putative tumor suppressor gene(s) for CRCs
within a small region of 8p, we have screened 133 primary CRCs with
20 restriction fragment length polymorphism markers and constructed
a detailed deletion map of this chromosomal arm.

MATERIALS AND METHODS

Samples. Tumors and corresponding noncancerous tissues were obtained at
surgery from each of 133 patients with colorectal carcinomas. All tissues were
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dissected in the operating room, frozen immediately, and stored at -80Â°C until

isolation of DNA. Clinicopathological data were available in 58 of the 133
patients.

DNA Extraction and Southern Blotting. Frozen tissue samples were
ground to a very fine powder in liquid nitrogen, suspended in lysis buffer,
treated with proteinase K, and extracted by phenol-chloroform-isoamyl alcohol

as described elsewhere (8). Five pg of each DNA were digested overnight with
10 times excess of restriction enzymes (Boehringer Mannheim) and fraction
ated by electrophoresis in a 0.8% agarose gel. The DNAs were then transferred
to nylon membranes (Pall: Biodyne) in 0.1 N NaOH-0. l M NaCl and fixed by
UV cross-linking (8).

Probes and Hybridization. The 20 markers used in this study are listed in
Table 1. Cosmid markers CI8-1. CI8-487, CI8-448, CI8-319. CI8-326, CI8-
494, CI8-277, CI8-512. and CI8-340 were reported previously (9); they had

been physically localized on chromosome 8 by fluorescence in situ hybridiza
tion on R-banded human prometaphase chromosomes. CI8-512 was recently
reassigned to 8pll.21-pll.22.4 Other cosmids (CI8-266, CI8-388, CI8-245,

CI8-I90. and CI8-586) were newly developed and physically localized on 8p.

Plasmid KSR2. which detected a Taq\ polymorphism, was kindly provided by
Dr. Tsuji (10). Cosmid MSR-32, a clone derived from the MSR locus on human

chromosome 8(11). detected a Mspl polymorphism with four alÃeles,and was
localized to 8p22 by fluorescence in situ hybridization (12). Cosmid EGR3-3,

which shows Tuq\ polymorphism, was obtained during screening of a human
genomic cosmid library. The location of these markers was determined by
fluorescence m situ hybridization and linkage analysis (9, 12). A polymorphic
restriction fragment of each cosmid was purified by agarose gel electrophore
sis, and used as a probe for hybridization to examine LOH. Probes were labeled
with ['2P]dCTP by random primer extension (13). Prehybridization. hybrid

ization, and autoradiography were carried out as described elsewhere (8). The
membranes were stripped in 0.4 N NaOH and repeatedly hybridized.

Definition of Loss of Heterozygosity. The signal intensity of the polymor
phic alÃeleswas quantified by a Hoefer GS-300 scanning densitometer; peak

areas corresponding to each signal were calculated by electric integration by
using the GS-370 1-D electrophoresis data system (Hoefer Scientific Instru

ments. San Francisco, CA). After correction for the difference in the amount of
DNA loaded in each lane, the intensities of signals in tumor tissue DNA were
compared to that of normal DNA. When >50% reduction in signal intensity
was detected, it was judged as loss of heterozygosity. Loss of heterozygosity
was distinguished from chromosome duplication by normalizing signals for
chromosome 8 probes to those obtained when the same blots were rehybridized
with probes for loci on other chromosomes, as a control of chromosomal
content.

RESULTS

Our panel of 20 restriction fragment length polymorphism markers
on chromosome 8 detected allelic losses in 58 (44%) of 131 CRC
tumors that were informative with at least one probe. The marker loci
and their frequencies of LOH are listed on Table 1 in descending order
from Spter to 8q, as determined by genetic linkage and physical
mapping (9, 12). The frequencies of LOH were similar at all loci from
pter to p21. Among the 58 tumors which lost an alÃelefor at least one
locus, 32 revealed a partial or interstitial deletion of the short arm of
chromosome 8. Fig. 1 shows Southern blots of tumors in which a part
of chromosome 8p had been lost; these autoradiographs clearly indi
cate allelic losses of some loci in tumors but retention of others. In
Fig. I, a and c, one sees retention of proximal loci, whereas one alÃele
at a more distal locus was lost in these tumors. Fig. 1, b and d show
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Table 1 Allelic toss at loci on chromosome 8 in coiorectal canÃ¯noma

Locus
no.12345678yIDii121314151617181920ProbenameCI8-IC18-266CI8-388pKSR2MSR-32MSR-35CI8-487pCTSBpSVL-LPLCI8-245CI8-I90EGR3-3CI8-586C18-448C18-3I9pHNF-LCI8-326CI8-494CI8-277C18-5I2CI8-340LocussymbolD8S140DXSIMMSRD8S23JCTSBLPLECRDSS232D8S220NFLD8S22ID8S2J4DUS

IV4D8S238D8S223EnzymeMsp\Taq\MsplTaq\UtpiTaq\Msp\Taql/â€¢udÃ¬Tai/lTaqlTaqlMxplMsp\Taq\Ta<Â¡\TaqlMsp\MsplMsplMsp\Probe

fragmentMsp

3.0Taq
3.6Msp
1.8E-H
0.5E-H
0.9Taq

2.4Msp
1.2H-E
0.6Stu-E
0.7Msp

7.0Taq
3.5Taq
3.2Msp
4.0Msp
2.8Taq
6.8P\'-E
1.0Taq

4.6Msp
4.7Msp
4.6Msp
1.2Msp

4.3Chromosome

localization8p23.2-p23.38p23.l-p23.28p23.l-p23.28p22-pter8p228p21.3-p228p228p228p21.3-p228p2l.38p21-p238p2l.2-p21.38p2l.38p2l.2-p21.38p218p2l.l-p2l.28pll.22-pll.238pll.21-pll.228qll.21-qll.28qll.23No.

of
cases
tested878212811411411875921021187670122118116106114879290Allelic

losses/
informative
cases(%)8/29(28110/39(26)5/18(28)19/44

(43)28/74
(38)1

1/24(46)14/33
(42)3/21

(14)18/53(34)16/47

(34)14/28(50)7/25

(29)17/59(29)18/50(36)22/50

(44)14/53(26)13/58(22)5/40(13)8/34

(24)0/24
(0)

NT NT

pSVL-LPL pKSR2

NT NT

NT NT NT

CI8-494 CI8-326 pHNF-L

NT NT NT

CI8-5I2

Fig. 1. Autoradiograms from Southern blots showing partial deletions on chromosome
8; (a), case?; (fe), case 10: (r), case 124; (</), case 141. The left lane of each pair contains
DNA from corresponding normal tissue (N), the right lane contains DNA from tumor ( T).
Probes are indicated below each pair of lanes; C. constant band; arrows indicate poly
morphic bands.

partial deletion of the more proximal region. Tumor 10 retained het-
erozygosity for the locus defined by probe CI8-494, but showed LOH
for two markers (CI8-326 and pHNF-L) that had been mapped to a

more distal location; tumor 141 retained heterozygosity for the probe
CI8-319 but showed LOH with more proximal loci defined by pH-
NF-L and CI8-512. The results of LOH analyses in the 32 tumors

showing partial or interstitial deletions are summarized schematically
in Fig. 2. Fig. 2A shows the results in a group of 14 tumors in which
a relatively large portion of 8p had been lost, but a proximal part had
been retained. The 10 tumors represented in Fig. 2B had lost a region
distal to p21.2, partially or interstitially; these results indicate that the
distal region commonly deleted in CRCs is between CI8-266 and
pSVL-LPL (8p23.2-8p22). Fig. 2C shows eight cases which exhibited

Table 2 Correlation of LOH on chromosome 8p with fiinicopatholo^ical stage
of CRC patients"

LOH on 8p Stage 1 Stages 2 and 3 Total

Loss
Retained

32
18

32
26

"P = 0.0008 (Fisher's exact test).

LOH only in the proximal portion of chromosome 8p; the proximal
common region of deletion is between CI8-319 and CI8-494 (8p21.3
-Spll.22).

We have also examined correlation of LOH on chromosome 8p
with clinical parameters (histological diagnosis, Tumor-Node-Metas-

tases classification, clinicopathological stage, and histopathological
grade of differentiation) of 58 patients, in which clinicopathological
data were available. Although no statistically significant correlation of
allelic loss on 8p with tumor size, lymph node metastasis, or histo
pathological grade of differentiation was observed, significant aÂ«so-

ciation was detected between LOH and the clinicopathological stage
as shown in Table 2 (P = 0.0008; Fisher's exact test).

DISCUSSION

We have described a detailed analysis of LOH with loci on the short
arm of chromosome 8 in CRCs and have constructed a deletion map
of 32 tumors. The map indicates that two distinct regions on chromo
some 8p are commonly deleted in CRCs. One of them lies between
loci defined by CI8-266 and pSVL-LPL at 8p23.2-p22, and the other
between CI8-319 and CI8-494 at 8p21.3-p 11.22.The genetic distance
within each of these intervals is estimated to be 28 and 18 cM,
respectively ( 12).As the number of samples which had lost one of two
common regions is very small, the role of inactivation of each gene
during coiorectal carcinogenesis is still unknown.

Structural chromosomal alterations of chromosome 8 (8q isochro-
mosome and monosomy 8) have been described in CRCs ( 14, 15), and
frequent LOH on 8p in CRCs has been reported (16); the allelotype
study by Vogelstein et al. (16) detected LOH in 11 of 22 CRCs with
probes located at 8p21 and 8p23. Bosch et al. (17) demonstrated LOH
for 8p loci in 13of 15informative CRC cell lines: they concluded that
a common region of LOH had been located at 8p23-pter, a region
which does not overlap the regions defined in the present study. It is
difficult to compare their results with ours, however, because the
cultured cell lines had been passed repeatedly in vitro and LOH was
analyzed mainly by means of cytogenetical methods.
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Fig. 2. Schematic representation of partial deletions on chromosome 8p in CRCs. Case numbers are shown above, and probe names on both sides. â€¢¿�LOH; O. retention of both
alÃeles.Two commonly deleted regions are indicated by J (ÃŸand Ci.

Deletion mapping of chromosome 8 in hepatocellular carcinomas
has revealed a different pattern;4 in those tumors, we detected only

one commonly deleted region, which corresponds to the distal com
mon region of LOH in CRCs. This result suggests that a tumor
suppressor gene located in the proximal common region of 8p might
be specific to carcinogenesis of CRCs.

A proposed genetic model for colorectal tumorigenesis assumes that
cumulative genetic alterations in APC, MCC, K-ra.c, p53, and DCC.

occur during development and/or progression of colorectal tumori
genesis. In allelotype study of CRC (1), 8p loss was exclusively
observed in cases showing multiple chromosomal losses. Our data
indicated an association of 8p loss with the advanced clinicopatho-

logical stage of CRC patients. Furthermore, loss of 8p was observed
not only in CRC but also in cancers of liver and lung. On the basis of
these observations, we speculate that 8p loss is probably involved in
later stages of colorectal tumorigenesis. However, further experiments
would be required to address these questions.
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