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Summary

Amongst the four common Ha-ras alleles in both controls and cancer patients, we detected the
presence of a polymorphic Xho I site associated specifically with the 66 and 7-7 kb Bam HI
fragments but absent from the 7-1 and 8-2 kb alleles, as recently reported by others. We have
extended this study and report here, the consistent appearance of this Xho I site in unusual alleles
close in size to the two common alleles of 6-6 and 7-7 kb, in control lymphoblastoid DNA samples
in a variety of tumor DNAs. Unusual alleles grouped around the 71 and 8-2 kb common alleles
on the other hand, did not possess the Xho I site. The consistent presence of the Xho I site
polymorphism, in the unusual Ha-ras alleles surrounding the 66 and 7-7 kb common alleles and its
absence in alleles around the 7-1 and 82 kb common alleles, suggests that the unusual ones are
derived from the corresponding common alleles to which they are closest in size.

1. Introduction

The existence of discrete transforming sequences in
the genomes of some tumours was established by
transformation of cell lines by transfection of DNA
isolated from a variety of tumours (Krontiris &
Cooper, 1981; Shih et al. 1981; Perucho el al. 1981).
The majority of oncogenes isolated by this method are
related to a small family of retroviral one genes,
designated ras (Der et al. 1982; Eva et al. 1983;
Shimizu et al. 1983). The human cellular ras gene
family consists of three proto-oncogenes, c-Harvey
(Ha)-ra.?, c-Kirsten (K)-ras and N-ras. Activated
ras genes, isolated from some tumours, contain
somatic mutations at specific sites (Tabin et al. 1982;
Reddy et al. 1982; Capon et al. 1983). Activation
resulting in overexpression may also be involved in
transformation. Increased levels of p21, the product
of the ras gene, have been observed in a wide range of
tumours (Spandidos & Kerr, 1984; Tanaka et al.
1986; Hand et al. 1987). Moreover in experimental
systems, increased levels of p21 can promote the
morphological and tumourigenic transformation of
NIH 3T3 cells (Chang el al. 1982; Stacey & Kung,
1984).

Recent analyses of sequences involved with control
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of expression of the c-Ha-ra5-l gene demonstrate the
presence of a promoter region immediately upstream
of the untranslated exon-1 (Ishii et al. 1985; Damante
et al. 1987). In addition to this regulatory domain, it
appears that a region located approximately 1-5 kb
downstream from the 3' terminus of the Ha-ras
coding sequences may act as an enhancer (Cohen et al.
1987; Rabinowe & Krontiris, 1987). This region
called the variable tandem repeat (VTR) consists of a
28 bp consensus sequence and changes in the number
of these repeat units is the basis for a Bam HI
restriction fragment length polymorphism (RFLP)
(Capon et al. 1983), which gives rise to four common
alleles of diverse sizes which appear to be inherited in
a Mendelian fashion (Krontiris et al. 1985). However
in addition to these common alleles, a number of
unusual alleles exist. There is considerable debate as
to whether the frequency of these rare forms of the
Ha-ras gene is higher in cancer patients than in
unaffected controls. A number of groups have reported
significant associations (Krontiris et al. 1985, 1986;
Lidereau et al. 1986; Hay ward et al. 1988; Carter et al.
1988), whereas several groups have not found an
increased frequency of rare alleles in cancer patients
(Heighway et al. 1986; Thein et al. 1986; Ceccherini-
Nelli et al. 1987; Ishikawa et al. 1987; Gerhard et al.
1987; Radices a/. 1987).

Recently an Xho I site polymorphism, located in the
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Fig. 1. Map of the human c-Ha-rai-l gene contained in
the 6-6 kb Bam HI fragment of the plasmid pEJ. Open
boxes represent untranslated exons and closed boxes
represent coding regions. The polymorphic Xho I site is
located approximately 200 bp downstream from the 5'

5' flanking region of the Ha-ras gene was reported
(Chandler et al. 1987). The presence of this poly-
morphism is tightly linked to the length of the VTR,
being always present in the 6-6 and 7-7 kb common
Bam HI alleles and consistently absent in the two
other common alleles (71 and 8-2 kb).

This study was designed to investigate the origin of
unusual alleles observed in some control lympho-
blastoid DNA samples and in DNAs from various
malignancies which were previously used for the study
of rare Wd-ras alleles in this laboratory (Hayward
et al. 1988). To this end we have extended studies on
the Xho I site polymorphism associated with the
c-Ha-ras-1 gene, in particular to determine which of
the unusual alleles grouped around the four common
alleles possess the Xho I site.

2. Materials and methods

(i) Samples

The sample group consisted of 15 individuals without
personal or family history of cancer in the first-degree
relatives, twenty-two patients with leukaemia (14 with
B-cell chronic lymphocytic leukaemia (B-CLL) and 8
with T-cell acute lymphoblastic leukaemia (T-ALL)),
5 patients with malignant melanoma and 3 Wilms'
tumour patients.

Control, malignant melanoma and Wilm's tumour
patients' DNA samples were isolated from Epstein-
Barr virus transformed B-lymphoblastoid cell lines or
tumour lines, established from these patients while
leukaemia DNA samples were isolated from peripheral
blood lymphocytes from patients with B-CLL or T-
ALL.

(ii) DNA extraction and Southern hybridization

High-molecular-weight DNA was isolated using caes-
ium chloride gradient centrifugation (Weeks et al.
1986). Restriction enzyme digests using 6 U of
enzyme///g DNA, were carried out in buffers supplied
by the manufacturer (Amersham). DNA (10//g) was
digested overnight with Msp I and Hpa II and
electrophoresed in 1-4% agarose gels. Samples were
also digested overnight with Bam HI or for 6 h with

Bam HI site. The variable tandem repeat region depicted
as a hatched box, is located approximately 1-5 kb
downstream from the coding sequences and is flanked by
Msp l/Hpa II sites. B, Bam HI; H, Hpa II; M, Msp I; X,
Xho I.

Bam HI followed by addition of Xho I and further
incubation overnight and electrophoresed in 0-65 %
agarose gels. DNA was transferred to Hybond-N
nylon membranes (Amersham) by the method of
Southern (1975). Prehybridization was carried out at
42 °C for 5 h in 50 % deionized formamide, 5 x SSC,
5 x Denhardt's solution, 50 mM sodium phosphate,
0-1 % SDS and 250/^g/ml denatured salmon sperm
DNA. Hybridization was performed for 24 h in the
same solution containing 2x10" cpm of 32P-labelled
probe/ml of hybridization solution. The plasmid,
pEJ, containing the human c-Ha-ra.v-1 genomic
sequence in a 6-6 kb Bam HI fragment (Shih &
Weinberg, 1982) was used for the analysis of Ua-ras
associated polymorphisms (Fig. 1). After hybrid-
ization, filters were rinsed twice in 2 x SSC, 0-1 % SDS
at room temperature and washed for lOmin in
1 x SSC, 01 % SDS at room temperature followed by
a wash in 0-2 x SSC, 0 1 % SDS at 65 °C for
approximately 30 min until background counts were
removed. Filters where then air dried, wrapped in
Glad Wrap and exposed to Kodak XRP-5 X-ray film
using intensifying screens at —70 °C.

3. Results

(i) Xho I site polymorphism

Fifteen control DNA samples and 30 DNA samples
from cancer patients (22 leukaemia, 3 Wilms' tumour
and 5 melanoma) were examined for the presence of
an Xho I site 5' to the Ua-ras coding region. DNA
samples were digested with Bam HI alone or double
digested with Bam HI and Xho I, electrophoresed,
blotted and hybridized with the plasmid pEJ. The
presence of the Xho I site was detected by a shift in
mobility of the Ha-ras allele due to a decrease in size
by approximately 200 bp after digestion with Bam
W/Xho I compared to Bam HI alone (Fig. 1). In both
the control and tumour samples examined, the
presence of the Xho I site was restricted to the common
Bam HI alleles of 66 and 7-7 kb (Fig. 2) which
correspond to Msp \/Hpa II alleles of 10 and 205 kb
respectively (Table 1). The Xho I site was not present
in the other two common alleles of 71 and 8-2 kb in
size, which contained Msp l/Hpa II fragment lengths
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Table 1. Comparison of c-Ha-ras-l allele sizes with
the presence of a 5' Xho I site polymorphism in
control and tumour DNA samples

Msp \/Hpa II
fragment size
(kb)

1-0*
112
115

1-3
1-33
1-5"
1-68

1-80
1-87
2-05"
2-2

2-32
2-47

2-65"
2-8
2-87

Bam HI
fragment size
(kb)

6-6
6-7
6-7

6-9
6-9
71
7-2

7-4
7-5
7-7
7-8

7-9
80

8-2
8-4
8-4

Number of
alleles examined

Xho
Control Tumour" I site

15
—
—
—
—

6
—

—
3

—

1

5

—

32 +
2 +
2 +
1
1
8
1

1 +
1 +
4 +
2 +
1

— —

2
1
1

Common and associated unusual alleles are grouped
together.
" The tumour group comprised 22 leukaemia, 3 Wilms'
tumour and 5 melanoma samples.
"Common allele.

of 1-5 and 2-65 kb respectively. All of the unusual
alleles examined showed a pattern similar to the
common allele to which they were closest in size (Fig.
2, Table 1). Alleles with VTR regions (Msp l/Hpa II
fragment lengths) of 1 • 12 and 1 • 15 kb in size possessed
the Xho I site as did the common allele with a VTR
length of 10 kb. Unusual alleles with a VTR range of
1-3 to 1-68 kb, that were clustered around the common
allele with a 1-5 kb VTR, did not have an Xho I site.
Unusual alleles with 180, 187 and 2 2 k b VTRs,

which were close in size to the common allele with a
205 kb VTR, possessed the Xho I site, while the
unusual alleles with 2-47, 2-8 and 287 kb VTRs, close
in size to the common allele with the 2-65 kb VTR,
lacked this site.

One of the samples, derived from a melanoma
patient, showed loss in intensity of the upper 7-1 kb
allele compared with the lower 6-7 kb allele (Fig. 2,
lane 3) indicating partial loss of this allele.

4. Discussion

Variation in the number of a 28 bp tandemly repeated,
consensus sequence within the VTR region has been
primarily used to distinguish Ha-ras alleles (Capon
et al. 1983; Krontiris et al. 1985). More recently,
Chandler et al. (1987) observed a new polymorphism
in the 5' flanking region of the Yia-ras gene which
shows strong linkage disequilibrium with the length of
the VTR region. This polymorphism which is de-
termined by the presence or absence of an Xho I site
was found to result from change in nucleotide sequence
and not from methylation of an internal cytosine
residue which is possible at this site. Analysis of DNA
from different human tissues revealed the presence of
an Xho I site in Ha-ras alleles containing 1-0 or
205 kb VTRs (66 and 7-7 kb Bam HI fragments)
whereas this site was absent in alleles containing 1-5
and 2-65 kb VTRs (7-1 and 8-2 kb Bam HI fragments).
We have extended these results to show t H t the
unusual alleles, clustered around the four common
alleles in DNA from patients with leukaemia and
other solid tumours or in unaffected controls, appear
to be related to the common alleles to which they are
closest in size, with respect to the presence or absence
of the Xho I site. This resembles the presence of a
Taq I site polymorphism within the VTR region that
has been found to occur consistently in the 265 kb
common allele and also in rare alleles around this

1 2 3

a b a b a b

5 6

a b a b

9 - 4 -

6 - 5 -

9-4 —

6-5 —

Fig. 2. Xho I site polymorphism in c-Ha-ras-l alleles in
samples from controls and leukaemia patients. DNA
samples were digested with Bam HI (a) or Bam H\/Xho I
(b) electrophoresed in 065 % agarose gels, transferred to
nylon membranes and probed with the plasmid, pEJ.
The sizes (kb) of the common alleles are shown on the
left. Samples showed the following Bam HI allelic

fragments: sample 1, 7-7/6-6 kb (control B-cel! line);
sample 2, 7-7/6-7 kb (melanoma patient B-cell line);
sample 3: 7-1/6-7 kb (melanoma cell line); sample 4,
8-2/8-2 kb (melanoma cell line); sample 5, 79/6-6 kb
(melanoma cell line); sample 6, 8-2/7-8 kb (Wilms' B-cell
line); sample 7, 7-1/6-6 kb (Wilms' B-cell line).
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fragment size (Radice et al. 1987). This Taq I site was
not observed in any of the other three common alleles
or the rare alleles clustered around them.

Chandler et al. (1987) have proposed that the
mutational event at the Xho I site is linked to
duplication events involving the 28 bp sequence within
the VTR by which the four common alleles arose from
a single ancestral gene with the Xho I site being either
differentially lost or gained in two of the four alleles
during this process. Unusual allelic variants of Ha-ras
have subsequently arisen by small increases or
decreases in the number of the 28 bp tandem repeats.
A recent report by Jeffreys et al. (1988), which
demonstrated that the spontaneous mutation rate at
extremely variable human minisatellite regions is as
high as 5% per gamete, provides support for the
existence of mechanisms capable of generating these
changes. Our results provide evidence that the presence
or absence of the Xho I site has been faithfully
transmitted during the generation of these unusual
alleles. A mechanism such as this could also account
for the observed association of the Taq I sites internal
to the VTR with only the 2-65 kb common allele and
its variants reported by Radice et al. (1987).

Amongst the informative heterozygotes in this
study, only one sample, derived from a malignant
melanoma patient, displayed decreased intensity of an
allelic band demonstrating partial loss of this Ha-ras
allele. The generation of homozygosity has been
observed in other malignancies such as breast, colon
and lung but rarely in leukaemia (Krontiris et al.
1985; Yokota et al. 1986).

Some evidence exists that the length of the VTR
region may be important in the regulation of
expression of the W&-ras gene. Subclones of EJ-ra.v
lacking the VTR region show reduced expression
(Krontiris et al. 1985). Ishii et al. (1986) provided
evidence that the VTR is an enhancer of the Ha-ras
gene and that different conformations of this region
vary in enhancing activity. While no direct evidence is
available, it is possible that cancer susceptibility may
be linked to certain numbers of 28 bp repeats, with
these rare alleles specifically causing enhanced ex-
pression of the Ha-ras gene and consequent cellular
transformation. The results obtained here employing
linkage to an Xho I site suggest that rare alleles appear
to arise specifically from individual common alleles by
relatively small changes in the number of 28 bp
repeats.
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clone and the Department of Pathology, Royal Brisbane
Hospital, for blood and tumour samples. This work was
supported by grants from the Australian National Health
and Medical Research Council, the Queensland Cancer
Fund and the University of Queensland Cancer Research
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