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Loss of Heterozygosity of Tumour Suppressor 
Gene Loci in Human Colorectal Carcinoma 
B. Iacopetta, S. DiGrandi, B. Dix, C. Haig, R. Soong and A. House 

We used Southern blot analysis and polymerase chain reaction-based techniques to examine deletions of tumour 
suppressor gene loci in 91 primary colorectal tumours. The tumour suppressor genes studied were MCC and APC 
on chromosome Sq, ~53 on chromosome 17p, DCC on chromosome 18q, and the putative suppressor gene mn23- 
Hl on chromosome 17q. The most frequent allelic loss observed was in chromosome 17p with 76% (68/89) of 
informative tumours showing loss of heterozygosity at this locus, followed by 34% (19/55) for DCC, 31% (12/39) 
for MCC, 17% (9/53) for APC and 16% (3/19) for ~123. No significant differences in the frequency of these 
suppressor gene allelic losses were observed between Dukes B and C stage adenocarcinomas. 

Key words: tumour suppressor genes, colorectal carcinoma, ~53, MCC, APC, DCC 
EurJ Canm-, Vol. 30A, No. 5, pp. 664-670,1994 

INTRODUCTION 
THE MOLECULAR genetic alterations in colorectal cancer are the 
best understood of all human cancers [ 1 J. It appears this disease 
arises from the accumulation of mutations during progression 
from normal epithelial mucosa to adenoma and carcinoma. In 
addition to the activation of oncogenes such as Ki-ras, there is a 
loss of chromosomal segments at specific loci which may indicate 
the deletion of tumour suppressor genes. Four such genes 
associated with colorectal carcinoma have now been identified 
and cloned: MCC (mutated in colon cancer) and APC 
(adenomatous polyposis coli) on chromosome 5q [2-4], ~53 on 
chromosome 17p [S], and DCC (deleted in colon cancer) on 
chromosome 18q [6]. The high frequency of mutations and loss 

Correspondence to B. Iacopetta. 
The authors are at the University Department of Surgery, Queen 
Elizabeth II Medical Centre, Nedlands 6009, Australia. 
Revised and accepted 7 Feb. 1994. 

of heterozygosity of these genes in colorectal tumours suggest 
that their normal gene products have a tumour suppressor 
function. Loss of heterozygosity of suppressor gene loci has 
traditionally been studied by Southern blot analysis and more 
recently using polymerase chain reaction (PCR)-based tech- 
niques, while gene mutation has been studied by direct sequen- 
cing, RNase mismatch cleavage and single strand conformation 
polymorphism (SSCP) analysis. 

So far, identification of the molecular genetic alterations useful 
for the clinical diagnosis of colorectal cancer is still in the early 
stages. Recent work has indicated that deletions within the 17p 
and 18q chromosomal arms may be of prognostic value [7-91, 
but not Sq deletions or ras oncogene mutations. In the present 
study we have examined loss of heterozygosity (LOH) of the 
MCC, APC, ~53 and DCC genes in a panel of 91 colorectal 
tumour specimens, 81 of which were Dukes stage B or C 
adenocarcinomas. Ailelic deletion of the NM23-Hl gene located 
at chromosome 17q and thought to be involved in suppression 
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Figure 1. Examples of Southern blots used to detect loss of hetero- 
zygosity of chromosome 17~ in DNA from colorectal tumours of 
patients S&88,56 and 53. The probes p144-D6 and pYNZ22 identify 
VNTR polymorphisms in the chromosomal region flanking the p53 
gene. N, normal germ-line DNA; T, tumour DNA; NI, non-informa- 

tive; HET, heteroygous, no loss; LOH, loss of heteroxygosity. 

of tumour metastasis [lo, 111 was also examined. We used 
Southern blot analysis to detect allelic loss of the ~53, nm23 and 
DCC genes and PCR-based techniques to detect LOH (PCR- 
LOH) of the MCC, APC and ~53 genes. Our results show that 
the frequency of suppressor gene allelic loss is the same in Dukes 
B and C adenocarcinomas. 

MATERIALS AND METHODS 

Tissue and DNA preparation 
Resected colorectal tumours were obtained from 91 patients 

(35 male, 56 female) at the Queen Elizabeth II Medical Centre 
(Nedlands, Australia) during 199&1992. All had been diagnosed 
as having primary colorectal carcinomas. The average age of 
patients at operation was 70 years. Ten of the tumours were 
classified as adenomas, 47 as Dukes B adenocarcinomas and 34 
as Dukes C adenocarcinomas [12]. Macroscopically normal 

p53 Exon 4 
Bsp50 

7 8 

N T N T 

NI LOH 

colonic mucosae from the same patients was also obtained for 
the preparation of germ-line DNA. All tissue was snap frozen in 
liquid nitrogen and stored at -80°C. High molecular weight 
DNA was prepared from each tumour specimen by means of 
SDS-proteinase K digestion and phenol/chloroform extraction. 
DNA concentration was estimated by spectrophotometric 
absorption at 260/280 nm. 

Analysis of LOH in ~53, nm23 and DCC genes byisouthenz blot 
Ten micrograms of extracted DNA were digested with an 

appropriate restriction enzyme and the result/ing DNA frag- 
ments resolved by 0.8% agarose gel electrophoresis and vacuum 
transferred to nylon membranes (Hybond N, Amersham, 
U.K.). The probes pYNZ22 [13] and p144-D6 [14] were used 
to detect allelic losses on chromosome 17~13 $nking the ~53 
gene. Each identifies a more than 10 allele YNTR (variable 
number of tandem repeat) polymorphism with MspI . To detect 
LOH of the nm23 gene, a probe from the pNM23-Hl clone [15] 
was used. It identifies a two allele polymorphism with BglII 
digestion. For loss of the DCC gene, a probe from the ~15-65 
plasmid [6] which detects four alleles with MspI was used. 
Hybridisation and washing procedures were carried out accord- 
ing to conditions specified by the suppliers of each probe. 

Where two different alleles were distinguishable in the germ- 
line DNA, the patient was referred to as being heterozygous or 
informative, for the particular locus being examined. If the 
matching tumour DNA showed decreased intensity of one allele 
relative to the other this was considered to represent loss of 
heterozygosity. In most cases loss was not complete, presumably 
due to contaminating normal tissue and/or turnour heterogen- 
eity. 

Analysis of LOH in MCC, APC andp53 by PCR 
Polymorphisms in the nucleotide sequence of the ~53 [16], 

APC [4, 171 and MCC [2] genes have been described. PCR- 
based techniques were used to distinguish between polymorphic 
alleles in heterozygous individuals and thus determine whether 

APC 3’UTR 
SspI 

111 112 

N T N T 

270 bp 

135 bp 

LOH HET 

Figure 2. Examples of loss of heteroxygosity in the p53 and APC genes detected by PCR and restriction enzyme digestion BspSO enzyme 
digestion reveals the polymorphism in exon 4 of p53 and SspI recognizes the polymorphism in the 3’ untranslated region of the APC gene. The 
size of the restrictioa fragments in bp is indicated. Patients 8 and 111 each show loss of the digested allele of the ~53 and APC genes 

respectively. N, normal DNA; T, tumour DNA; NI, non-informative; HET, heteroxygous, no loss; LOH, loss of heteroxygosity. 

EJC 30:5-E 
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a loss had occurred in tumour DNA. The primer sequences 
(Biotech Intl, Perth, Australia) used to amplify the polymorphic 
regions were: for ~53 exon 4 (p53E4) GATGCTGTCCCCGGAC- 
GATATT (5 ‘) and GCCAAGTCTGTGACTTGCACG (3’), 
amplicon size 247 bp; for APC exon 11 (APCEl 1) GGACTACA- 
GGCCATTGCAGA (5’) and GGCTACATCTCCAAAAGTCA 
(3’), amplicon size 133 bp; for APC 3’ untranslated region 
(APC3’UT) GCATTAAGAGTAAAATTCCTCT (5’) and 
ATGACCACCAGGTAGGTGTATT (3’), amplicon size 850 bp; 
and for MCC exon 15 (MCCElS) GGCCTAACTGGAATGTGT 
(5’) and GCCCAGATAAACACCAGC (3’), amplicon size 180 
bp. The annealing temperature was 60°C except for APC3’UT 
which was 55°C. Extension was at 70°C for 2 min. Thirty-five 
amplification cycles were carried out in a Perkin-Elmer Cetus 
(Norwalk, Connecticut, U.S.A.) thermocycler. Each PCR 
amplification was in a 25-pl volume and included 100 ng of 
genomic DNA, 60 ng of each primer, 5 x reaction mix (Biotech 
Intl), and 0.5 p,Ci of [a-32P]deoxycytosine triphosphate (>3000 
Ci/mmol; Bresatec, Adelaide, Australia) and 0.2 U of Taq 
polymerase. 

PCR products were digested overnight with an appropriate 
restriction enzyme in order to reveal the restriction fragment 
length polymorphism (RFLP): p53E4 with Bsp50 (Stratagene, 
La Jolla, California, U.S.A.), APCEll with RsaI (Promega) and 
APC3’UT with SspI (Promega, Madison, Wisconsin, U.S.A.). 
Radiolabelled digestion products (usually l-5 p.1) were resolved 
on 10% polyacrylamide gels which were then dried and exposed 
to X-ray fihn for 24 h. To determine LOH, densitometry was 
performed as described by Ganly and colleagues [ 181 using a 
Molecular Dynamics scanning densitometer. 

The MCCE 15 PCR product was added 1: 1 to 95% formamide 
loading buffer, heated to 95°C for 5 min, cooled on ice and run 
on a non-denaturing 10% polyacrylamide/lO% glycerol SSCP gel 
[ 191 in order to reveal the polymorphism and any possible allelic 
loss in the tumour DNA [20]. The gel was run overnight at 
1800 V in a sequencing gel apparatus (BioRad, North Ryde, 
Australia), dried and exposed to X-ray fihn at -80°C for 4 days. 

RESULTS 
The two VNTR polymorphisms flanking the ~53 gene on 

chromosome 17p and identified by Southern blot analysis were 
highly informative, with 94% (68/72) and 85% (74/87), respect- 
ively, of patients being heteroxygous. The probes identifying 
the RFLPs in the DCC and nm23 genes were informative for 
64% (55/86) and 39% (19/49) of patients, respectively. In the 
PCR-LOH studies, 46% (39/84) of patients were heteroxygous 
for the MCC exon 15 polymorphism, 45% (39/87) for the APC 
exon 11 polymorphism, 52% (45/87) for the APC 3’ untranslated 
region polymorphism, and 27% (25/91) for the ~53 exon 4 
polymorphism. Other studies have reported similar frequencies 
of heterozygosity for these loci [13, 14, 20-231. Examples of 
LOH detected by Southern blot analysis are shown in Figure 1, 
by PCR restriction enzyme digestion in Figure 2, and by PCR- 
SSCP in Figure 3. Results of scanning densitometry used to 
quantitate allelic loss for the ~53 and APC genes are shown in 
Figure 4. This quantitative approach was especially useful for 
determining loss in cases where partial allelic loss due to tumour 
heterogeneity and/or the presence of contaminating normal 
tissue made objective assessment difficult. As discussed by Ganly 
and colleagues [ 181, the possibility of heterodimer formation 
during the PCR of polymorphic alleles and the refraction of 
these to restriction enzyme digestion must be taken into account 
when examining loss by PCR. Depending on the extent of 

37 38 39 40 42 -- 
N TN TN TN TN T 

NI HET NI LOH LOH 

Figure 3. Detection of loss of heteroxygosity by PCR-SSCP analysis 
of the polymorphic region of exon 15 of the MCC gene. The two 
bands evident in the normal DNA of patients 38,48 and 42 represent 
the two alternative aiieles. Patients 37 and 39 are homozygous (NI) 
for the two diierent aiieles, while patients 48 and 42 show a partial 
loss (LOH) of the upper allele in their tumour DNA., N, normal 

DNA; T, tumour DNA. 
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Figure 4. Densitometric analysis of loss of heteroxygosity of the 
p53E4 (BspSO), APCEll (RsaI) and APC3’UT (Sspl) polymorphisms. 
Aileie ratio values (undigested allele/digested aileie) for normai DNA 
from heteroxygous patients are shown as + for each polymorphism. 
Tumours with aiiele ratios failing outside this normal range were 
considered to show loss. Examples are given for p53E4 (A), APCEll 
(0) and APC3’UT (H). Several tumours having almost total loss of 
one of the two aiieies have ratios which are beyond scale and are not 

shown. 
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Table 1. Loss of heterozygosity of tumour suppressor genes in human colorectal catzcers 
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no. MCC a b c d e nm23 DCC 
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Table 1. Continued 

5q 17P 
Patient APC P53 17q 18q 
no. MCC a b C d e nm23 DCC 
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NI, non-informative; -,no results; 0, heterozygous, no loss; l ,loss of heterozygosity; a, AM: 
exon 11 polymorphism (Rsal); b, APC 3’ untranslated region polymorphism (SspI); c, ~53 exon 4 
polymorphism (BspSO); d, chromosome 17p VNTR polymorphism (pYNZ22); e, chromosome 
17p VNTR polymorphism (p144-D6) 

Table 2. Tumour suppressor gene loss of keterozygosity in Dukes B 
and Dukes C adenocarcinomas 

Dukes B Dukes C 

MCC 35% (6/17) 35% (607) 
APC 13% (3124) 27% (6122) 
P53 80% (37/46) 73% (24/33) 
mn23 25% (Z/8) 11% (l/9) 
DCC 38% (12/32) 38% (606) 

Loss of heteroxygosity data from the two polymorphic APC loci were 
combined. Similarly, data from the two 17p VNTR polymorphic loci 
and from the intragenic ~53 polymorphic locus were combined to give 
one value for p53 loss. 

heterodimer formation the alleleZ/allele2 ratio (allelel is the 
undigested band and allele2 the larger of the two digestion 
products) varies within a defined range for heterozygous individ- 
uals. For the p53E4 (Bsp50) polymorphism, this range was 
2.5-5.0, for the APCEll (RsaI) polymorphism it was 4-6, and 
for the APC3’UT (SspI) polymorphism it was l-2.5 (Figure 4). 
Allele ratios falling above or below these ranges in tumour DNA 
indicated a loss of either one or the other allele. Digested and 
undigested alleles were lost with equal frequency. 

Individual results for suppressor gene LOH in all tumours 
and at each polymorphic locus examined are listed in Table 1. 
These results are summarised in Table 2 for the Dukes B and 
Dukes C adenocarcinomas. For the APC gene, results from the 
two intragenic polymorphic sites were combined. Allelic loss of 
either of the two 17p VNTR regions was assumed to include 
deletion of the p53 gene. 

The highest frequency of allelic loss observed was at the 
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three chromosome 17p polymorphic loci, with 76% (68/89) of 
informative tumours showing loss of at least one locus. The 
pYNZ22 probe detected loss in 62% (42/68) of tumours, the 
p144-D6 probe in 49% (36/74), and the p53 exon 4 polymor- 
phism revealed LOH in 68% (17/25). Interestingly, of the eight 
informative tumours which showed no loss at the intragenic ~53 
exon 4 polymorphism (tumours 29, 47, 85, 43, 59, 79, 82, 
loo), none showed deletions at either of the two 17p VNTR 
polymorphic loci (Table 1). This finding provides indirect 
evidence that the large majority of 17p allelic losses are centred 
on the ~53 gene. 

this study was too low to allow any conclusions to be made 
concerning the timing of allelic losses, except perhaps that 17p 
deletions appear to be relatively early events. 

Of the adenomas, 70% (7110) showed LOH of ~53 (Table 
l), while 80% (37146) and 73% (24133) of Dukes B and C 
adenocarcinomas, respectively, showed loss of this gene (Table 
2). The DCC gene showed loss in 34% (19/55) of informative 
tumours, including one of the seven informative adenomas. No 
difference in the frequency of DCC gene loss was apparent 
between Dukes B and C adenocarcinomas (Table 2). Only 16% 
(3119) of informative tumours showed loss of the nm23 gene. 
The incidence of MCC gene deletion was 35% (607) in both 
Dukes B and C tumours, while that of the APC gene was 13% 
(3/24) and 27% (6/22), respectively (Table 2). In agreement with 
previous observations [2, 3, 241, loss of the MCC and APC genes 
occurred independently in some cases (tumours 6, 8, 69, 109). 
Four tumours (42, 69, 110, 111) also showed loss at one 
polymorphic APC site but not the other, suggesting the occur- 
rence of partial intragenic deletions. 

The short post operative follow-up time of patients in this 
study (mean of 26 months) does not yet allow us to draw any 
conclusions regarding the prognostic significance of the various 
genetic alterations observed. Current informatiqn suggests that 
deletion of the 5q region containing the MCC/APC genes is not 
of prognostic importance in colorectal cancers [7+993. Deletion of 
the 17p region has been reported to be associated with shorter 
survival [7, 91. The importance of 18q deletions is unclear, with 
one study reporting significant association with poorer survival 
[7], one reporting no significant association [9], and another 
suggestive of increased tumour recurrence [8]. 

Additional studies involving larger numbers of Dukes B and 
C adenocarcinomas will be required in order to more accurately 
identify those patients with aggressive tumours. These patients 
could benefit from recent clinical advances in adjuvant chemo- 
therapy regimes following surgical resection of colorectal 
tumours. The application of PCR-LOH techniques as described 
in this paper and others [21, 241 using intragenic polymorphic 
loci should greatly facilitate the detection of ~53 and DCC gene 
alterations. Large retrospective studies of archival paraffin- 
embedded specimens where patient outcome is known can also 
be envisaged using PCR-LOH analysis. 
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A Small GTP-binding Protein is Frequently 
Overexpressed in Peripheral Blood Mononuclear 

Cells From Patients With Solid Tumours 
S. Cube, N. Honore, V. Closson, J.-P. Droz, J.-M. Extra, M. Marty, 

A. Tavitian and B. Olofsson 

ras oncoproteins and ras-related proteins constitute a large family of the small GTP-binding protein family. The 
rab branch of the ras superfamily is involved in the intracelhrlar transport along the secretory and endocytic 
pathway in euharyotic cells. We here demonstrate that a member of the rab branch, the rab2 protein, is frequently 
overexpressed in peripheral blood mononuclear cells from patients with solid neoplasms. Moreover, this 
expression is shown to be greatly modified during the course of therapy. Our results provide strong evidence for 
the implication of a small GTP-binding protein in immunological events associated with neoplastic diseases. The 
precise celhdar population involved as well as the potential prognostic value of this process remains to be 
determined. 

Key words: rab proteins, GTP-binding proteins, peripheral blood cells, solid tumours 
EurJ Cancer, Vol. 30A, No. 5, pp. 670-674,1994 

INTRODUCTION served domains required for guanine nucleotide binding, GDP/ 
RECENT DISCOVERIES indicate that the ras oncoproteins belong to GTP exchange and GTP hydrolysis [3]. These domains interact 
a large family of low molecular weight (21-27 kD) monomeric with regulatory proteins which stimulate guanine nucleotide 
proteins capable of binding and hydrolysing GTP [ 1, 21. All dissociation, inhibit GDP exchange or promote GTP hydrolysis 
members of the so-called ras superfamily contain highly con- [4]. According to the sequence homologies of the proteins, 


