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A. Introduction 

The c-Ha-ras-l proto-oncogene is highly 
polymorphic in a human population. A 
restriction fragment length polymor­
phism (RFLP) of Ha-ras, identified by a 
set of restriction endonucleases (BamHI, 
MspI, TaqI) was ascribed to change in 
the number of variable tandem-repeated 
units (VTR) closely linked to the Ha-ras 
coding sequences from the 3' end [1, 2]. 
Restriction analysis established four 
common and several rare alleles of c-Ha­
ras-l [3]. A RFLP of c-Ha-ras-l may be 
useful in detecting deletions and/or rear­
rangements of alleles in human DNA. 
Frequent (20%-60%) nonrandom loss 
of one of the Ha-ras alleles has been 
shown in Wilms' tumors [4], bladder car­
cinomas [5], breast carcinomas [6], and 
rhabdomyosarcomas [7]. 

The loss of normal cellular sequences 
is thought to unmask recessive mutations 
[8]. On the other hand, a deleted locus 
may represent an "antioncogene" that 
acts normally to constrain cellular prolif­
eration. The suggestion should not be 
ruled out that some modifications of the 
proto-oncogene might turn it into an 
oncogene, whereas an intact one plays 
the role of an antioncogene, being in­
volved in the same sequence of molecular 
events. 

This study covered the distribution of 
c-Ha-ras-l alleles in lung, ovarian, and 
thyroid cancer patients. Structural alter­
ations of the c-Ha-ras-l proto-oncogene 
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Fig. 1. Alterations of the c-Ha-ras-1 locus in 
tumor DNA of lung, ovarian, and thyroid 
cancer patients: 1,3, 5,7,9,11,13, constitu­
tional genotypes of cancer patients; 2, 4, 6, 
deletion of Ha-ras allele with the shorter frag­
ment length; 8, amplification of a4 allele; 10, 
12,14, changes of allele fragment length. The 
size of PvuII restriction fragment (in kb) of 
each allele is given at the right side of the 
figure. OC, LC, ThC, ovarian, lung and thy­
roid cancers; ON, LN, ThN, normal ovarian, 
lung and thyroid tissues; MtsOC. metastasis 
of ovarian cancer 
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and their role in carcinogenesis in differ­
ent allele combinations were analyzed. 

B. Materials and Methods 

Genomic DNAs from tumors of the 
lung, ovary and thyroid and homologous 
normal tissues were prepared as previ­
ously described [9], digested with restric­
tion endonucleases BamHI, PvuII, PstI, 
and MspI, electrophoresed in 1 % 
agarose gel, denaturated, and transferred 
to filters (nylon) [9]. The filters were hy­
bridized with 32P-Iabeled (nick-trans­
lated) hu-c-Ha-ras-1 [1] under stringent 
conditions, then washed, dried, and au­
toradiographed. 

c. Results and Discussion 

Restriction analysis of human DNA with 
the endonucleases BamHI and Pvull 
identified four common c-Ha-ras-1 al­
leles. The sizes of fragments obtained 

were as follows: 6.6, 7.1, 7.7, S.1 and 2.7, 
3.2, 3.S, 4.2 kb, respectively. The major 
a1 allele possessing the shortest VTR re­
gion was found in more than SO% of 
cancer patients, which is consistent with 
the literature data concerning the distri­
bution of the a1 allele in healthy donors 
(Table 1). Based on a comparison of the 
frequency of a2, a3, and a4 alleles in 
genotypes of lung, ovarian, and thyroid 
cancer patients and in a normal popula­
tion, the following conclusions might be 
drawn: (a) The frequency of the a2 allele 
was approximately two times higher in 
thyroid cancer patients coupled with a 
lower incidence of a3 and a4 alleles; and 
(b) the a4 allele was more frequently ob­
served in lung and ovarian cancer pa­
tients (Table 1). 

Deletions of the a1 allele were found in 
three of seven thyroid carcinomas with 
an a1/a2 allele combination (Fig. 1, lanes 
5, 6). The only two cases of Ha-ras alter­
ation (3- to 4-fold and 50- to SO-fold am­
plifications) were identified in human 
DNA from 22 thyroid cancer patients 
lacking the a2 allele. 

Table 1. Genotypic distribution of the c-Ha-ras-1 gene in lung, ovarian, and thyroid cancer 
patients and in a normal population 

Genotype Lung cancer Ovarian cancer Thyroid cancer Normal 
patients (41) patients (14) patients (29) controls 
no. (%) no. (%) no. (%) (419)a (%) 

a1/a1 16 (39.0) 5 (36) 12 (41.4) 41.3 
al/a2 6 (14.6) 2 (14) 8 (27.6) 14.9 
al/a3 4 (9.S) 3 (21) 4 (13.S) 14.0 
a1/a4 7 (17.1) 3 (21) 3 (10.3) 12.2 
a2/a4 2 (4.9) 1 (7) 1 (3.4) 2.2 
a2/a2 o (0) o (0) o (0) 1.3 
a3/a3 o (0) o (0) o (0) 1.2 
a4/a4 1 (2.4) o (0) o (0) 0.9 
a2/a3 1 (2.4) o (0) o (0) 2.5 
a3/a4 1 (2.4) o (0) o (0) 2.1 
a3/S.5 b 1 (2.4) o (0) o (0) 7.1 c 

6.S/a2 1 (2.4) o (0) o (0) 0.3 d 

6.3/a2 1 (2.4) o (0) o (0) 
a1/7.5 o (0) o (0) 1 (3.4) 

a Summarized data [3, 10-13] calculated according to Hardy-Weinberg test. 
b BamHI restriction fragment length (kb) of rare alleles. 
C Common/rare genotypes. 
d Rare/rare genotypes. 
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Specific rearrangements (amplification 
of the a4 allele, deletion of another allele, 
and change of size of one allele) were 
established in five of 11 lung tumors 
(Fig. 1, lanes 3, 4, 7, 8, 11, 12) and in 
three of four ovarian tumors (Fig. 1, 
lanes 1, 2, 9, 10) possessing the a4 allele. 
On the other hand, rearrangements of 
c-Ha-ras-1 were a rare event in tumor 
DNA obtained from lung and ovarian 
cancer patients lacking the a4 allele and 
were detected in two of 40 tumors tested 
(Fig. 1, lanes 13, 14). 

Since the frequency of a2 and a4 alleles 
were found to be increased in thyroid 
cancer patients and lung and ovarian 
cancer patients respectively, and the 
above changes in Ha-ras were observed 
in a2- and a4-bearing patients, these al­
leles may perhaps be viewed as genetic 
markers of predisposition to thyroid, 
lung, and ovarian cancers in combina­
tion with other clinical parameters. 

References 

1. Goldfarb M, Shimizy K, Perucho M, 
Wigler M (1982) Isolation and prelimi­
nary characterization of a human trans­
forming gene from T24 bladder car­
cinoma cells. Nature 296:404-407 

2. Capon DJ, Chen IW, Levinson AD, See­
berg PH, Goeddel DV (1983) Complete 
nucleotide sequences of the T24 human 
bladder carcinoma oncogene and its nor­
mal homologue. Nature 302:33-37 

3. Krontiris TD, Martino N, Colb M, 
Parkinson D (1985) Unique allelic restric­
tion fragments of the human Ha-ras locus 
in leukocyte and tumour DNAs of cancer 
patients. Nature 313:369-374. 

4. Fearon IR, Vogelstein B, Feinberg AP 
(1984) Somatic deletion and duplication 
of genes on chromosome 11 in Wilms' tu­
mors. Nature 309:176-178 

5. Fearon IR, Feinberg AP, Hamilton SH, 
Vogelstein B (1985) Loss of genes on the 
short arm of chromosome 11 in bladder 
cancer. Nature 318:377-380 

6. Theillet C, Lidereau R, Escot C, Hutzell 
P, Brunet M, Gest G, Schlom J, Callahan 
R (1986) Loss of a c-Ha-ras-1 allele and 
agressive human primary breast car­
cinomas. Cancer Res 46:4776-4781 

7. Scrable HJ, Lampkin BC, Witte DP, 
Cavenee WK (1987) Loss of heterozygos­
ity of 11p15 in rhabdomyosarcomas. Na­
ture 329:645-647 

8. Cavenee WK, Dryia TP, Phillips RQ, 
Benedict WF, Godbort R, Gallick BI, 
Murphee QL, Strong LC, White RL 
(1983) Expression of recessive alleles by 
chromosomal mechanism in retinoblas­
toma. Nature 305:779-784 

9. Maniatis T, Fritsch IF, Sambrook J (1982) 
Molecular cloning: a laboratory manual. 
Cold Spring Harbor Laboratory, New 
York, p 387 

10. Gerhard DS, Dracopoli NC, Bale CJ, 
Houghoton AN, Watkins P, Payne CI, 
Green MN, Housman DI (1987) Evidence 
against Ha-ras-1 involvement in sporadic 
and familial melanomas. Nature 325: 73-
75 

11. Thein SL, Oscier DG, Flint J, Wainscoat 
JS (1986) Ha-ras hypervariable alleles in 
myelodysplasia. Nature 321: 84-85 

12. Heighway J, Thatcher N, Cerny T, Hasle­
ton PS (1986) Genetic predisposition to 
human lung cancer. Br J Cancer 53:453-
457 

13. Ceccherini-Nelli L, De Re V, Viel A, Mo­
laro G, Zilli L, Clemente C, Boiocchi M 
(1987) Ha-ras-1 restriction fragment 
length polymorphism and susceptibility to 
colon adenocarcinoma. Br J Cancer 56: 
1-5 

435 


