
were the same as described for deoxy- 
cytidine (Table 3). However, products 
could be detected when hydralazine 
(1.0 x 10-1M) and [5-3H]deoxycytidine 
(1.0 x 10-6M) were incubated for 4 days 
(Table 3). Thin-layer chromatography of 
the reaction mixture demonstrated at 
least four radioactive spots with RF val- 
ues of 0.66, 0.81, 0.85, and 0.92. The 
slowest moving spot was deoxycytidine. 
This reaction of deoxycytidine with hy- 
dralazine proceeded at a considerably 
slower rate than that of hydralazine with 
thymidine (Table 1). The reaction with 
deoxycytidine was similar to the reaction 
with thymidine in that the rate was in- 
creased by light irradiation (Table 3). 

We have shown that hydralazine alters 
the pyrimidine bases of DNA. Modified 
DNA can be highly immunogenic (18). 
Thus, it is suggested that the interaction 
of SLE-inducing drugs with DNA can 
lead to a marked enhancement of the im- 
munogenicity of DNA. An increase in 
the immunogenicity of DNA could ex- 
plain drug-induced antibodies to nucleic 
acids and perhaps even to DNA. It is al- 
so possible that these drugs modify DNA 
of B cells or suppressor cells, thus alter- 
ing the antibody response. 

Studies on drug-induced SLE may 
provide clues to understanding idiopath- 
ic SLE. It is possible that some cases of 
idiopathic SLE may be induced by the 
unsuspected and undetected ingestion of 
drugs or exposure to chemical agents in 
the environment. For example, hydra- 
zines are found in tobacco, tobacco 
smoke (19), and mushrooms (20); syn- 
thetic hydrazines are used in industry, 
agriculture, and medicine. Synthetic and 
naturally occurring compounds con- 
taining hydrazine that are present in 
the environment may induce disease 
in people with a proper genetic pre- 
disposition. 
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breast cancer. 

Probably the single factor most dra- 
matically increasing the risk of breast 
cancer is the presence of the disease in 
the immediate family, particularly if 
more than one relative has had breast 
cancer, or if the relative was affected bi- 
laterally or at a young age (1). However, 
this increased risk may be due to social, 
dietary, or environmental factors that 
predispose the family to breast cancer, 
or to inherited factors that increase sus- 
ceptibility to breast cancer. Whether the 
pattern of breast cancer in some families 
is consistent with Mendelian segregation 
of a "breast cancer susceptibility" gene, 
and whether this gene is physically 
(chromosomally) linked to a known, clin- 
ically innocuous, genetic marker locus 
have not previously been determined. 

We have surveyed a registry of fami- 
lies that were recruited, or that had vol- 
unteered, for studies in cancer genetics 
because breast cancer was frequent in 
each. We have assumed that in these 
families the incidence of breast cancer 
was high and have tested the consistency 
of this elevated incidence with the pat- 
tern expected for a genetically influ- 
enced disease (2). Four models for trans- 
mission of susceptibility to breast cancer 
were tested to determine which best fit 
the observed patterns of breast cancer. 
These models postulated Mendelian in- 
heritance of increased susceptibility to 
breast cancer through an autosomal 
dominant allele, an autosomal recessive 
allele, an X-linked dominant allele, or 
higher risk of breast cancer for all wom- 

breast cancer. 

Probably the single factor most dra- 
matically increasing the risk of breast 
cancer is the presence of the disease in 
the immediate family, particularly if 
more than one relative has had breast 
cancer, or if the relative was affected bi- 
laterally or at a young age (1). However, 
this increased risk may be due to social, 
dietary, or environmental factors that 
predispose the family to breast cancer, 
or to inherited factors that increase sus- 
ceptibility to breast cancer. Whether the 
pattern of breast cancer in some families 
is consistent with Mendelian segregation 
of a "breast cancer susceptibility" gene, 
and whether this gene is physically 
(chromosomally) linked to a known, clin- 
ically innocuous, genetic marker locus 
have not previously been determined. 

We have surveyed a registry of fami- 
lies that were recruited, or that had vol- 
unteered, for studies in cancer genetics 
because breast cancer was frequent in 
each. We have assumed that in these 
families the incidence of breast cancer 
was high and have tested the consistency 
of this elevated incidence with the pat- 
tern expected for a genetically influ- 
enced disease (2). Four models for trans- 
mission of susceptibility to breast cancer 
were tested to determine which best fit 
the observed patterns of breast cancer. 
These models postulated Mendelian in- 
heritance of increased susceptibility to 
breast cancer through an autosomal 
dominant allele, an autosomal recessive 
allele, an X-linked dominant allele, or 
higher risk of breast cancer for all wom- 

0036-8075/80/0425-0406$00.50/0 Copyright ? 1980 AAAS 0036-8075/80/0425-0406$00.50/0 Copyright ? 1980 AAAS 

18. B. Stollar, in The Antigens, M. Sela, Ed. (Aca- 
demic Press, New York, 1973), p. 1. 

19. B. Toth, Cancer Res. 35, 3693 (1975). 
20. R. Kelly, E. Daniels, J. Hinman, J. Org. Chem. 

27, 3229 (1962). 
21. This work was supported by grants from the 

National Institutes of Health (IROI AM25893) 
and the Doris Huntley Walsh Fund of the Lupus 
Foundation. We thank G. Atkinson, R. Gil, and 
L. Dosser for the use of their laser facility 
and H. A. Feldman and I. Weiner for helpful 
suggestions. 

21 December 1979 

18. B. Stollar, in The Antigens, M. Sela, Ed. (Aca- 
demic Press, New York, 1973), p. 1. 

19. B. Toth, Cancer Res. 35, 3693 (1975). 
20. R. Kelly, E. Daniels, J. Hinman, J. Org. Chem. 

27, 3229 (1962). 
21. This work was supported by grants from the 

National Institutes of Health (IROI AM25893) 
and the Doris Huntley Walsh Fund of the Lupus 
Foundation. We thank G. Atkinson, R. Gil, and 
L. Dosser for the use of their laser facility 
and H. A. Feldman and I. Weiner for helpful 
suggestions. 

21 December 1979 

en in a family due solely to shared envi- 
ronmental factors. For each model, we 
assumed that men could not be affected 
with breast cancer, although they could 
carry and transmit susceptibility (3). 

The autosomal dominant model for in- 
heritance of breast cancer susceptibility 
best fit the observed distribution of 
breast cancer in each of the 11 families 
(P > .05 for rejection by the likelihood 
ratio test). The environmental model was 
clearly rejected (P < .03 for each fam- 
ily). The autosomal dominant model was 
up to 1500 times more likely than the re- 
cessive model and up to 7000 times more 
likely than the X-linked model. How- 
ever, since neither the autosomal reces- 
sive nor the X-linked dominant models 
could be consistently rejected, all three 
genetic models were used in subsequent 
linkage analysis. The good fit of the auto- 
somal dominant model corresponds to 
several observations that clinicians had 
made about these 11 families: occur- 
rence of breast cancer in several genera- 
tions, apparent transmission of suscepti- 
bility by (unaffected) fathers to their 
daughters, little family history of breast 
cancer among most individuals marrying 
into the pedigree, virtual absence of 
unaffected mothers with affected daugh- 
ters, and appearance of breast cancer in 
about 50 percent of the daughters of 
breast cancer patients (4). 

The consistency of a genetic model 
with the observed pattern of breast can- 
cer in a family has to be interpreted cau- 
tiously, since a number of nongenetic 
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Allele Increasing Susceptibility to Human Breast Cancer 

May Be Linked to the Glutamate-Pyruvate Transaminase Locus 

Abstract. The patterns of the occurrence of breast cancer in 11 high-risk families 
were evaluated by segregation and linkage analysis. These patterns were consistent 
with the hypothesis that increased susceptibility to breast cancer was inherited as an 
autosomal dominant allele with high penetrance in women. The postulated suscepti- 
bility allele in thesefamilies may be chromosomally linked to the glutamate-pyruvate 
transaminase (E.C. 2.6.1.2, alanine aminotransferase) locus. Confirmation of this 
linkage in other families would establish the existence of a gene increasing suscepti- 
bility to breast cancer. Since there is no association in the general population be- 
tween a woman's glutamate-pyruvate transaminase genotype and her cancer risk, 
the glutamate-pyruvate transaminase linkage cannot be used as a screening test for 
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characteristics are consistent with mod- 
els of genetic transmission. For example, 
money is inherited, but not because it is 
encoded by DNA. The principal motiva- 
tion for the use of linkage analysis in the 
study of breast cancer is to resolve this 

Table 1. Genetic analysis of breast cancer susceptibility in 11 families. M + S.E., estimated 
mean + standard error of ages at breast or ovarian cancer diagnosis; Lod (GPT), lod score for 
linkage of GPT to a dominant susceptibility allele at zero recombination. 

Family size Breast Ovarian 
Family (number cancer cancer M + S.E. Lod (GPT) 

sampled) cases cases 

question of cultural mimicry of genetic B103 270( 81) 19 0 43.1 + 3.0 +.65 
transmission. Using linkage analysis, it B10 244( 34) 10 1 48.4 ? 4.1 +.05 
is sometimes possible to confirm the ex- B95 233( 66) 8 0 43.0 4.0 +.26 B102 187( 30) 7 2 52.8 + 4.6 +.12 
istence of an allele increasing suscepti- B126 50( 22) 6 1 48.1 8.1 +.35 
bility to disease by locating it, even if its B73 26( 14) 3 0 49.3 + 8.7 +.41 
function remains unknown (5). B93 208 (116) 5 0 54.6 + 4.0 -.003 For linkage analysis, we obtained 20 B 206( 11) 3 47. 1.7 -.003 
ml of whole blood from each of 426 mem- B21 129( 29) 9 2 48.3 ? 3.5 -.08 
bers of the 11 families. Genotypes at the B108 76( 11) 3 0 60.0 + 9.7 -.01 
following marker loci were determined B113 66( 12) 5 0 49.8 ? 3.9 -.21 
by established immunologic and elec- Families indicating linkage 46.9 + 0.5 +1.84(P = .003) 
trophoretic methods: ABO, acid phos- All families 48.2 + 0.5 +1.43 (P = .01) 
phatase, adenosine deaminase, adenyl- 
ate kinase, amylase 2, Duffy A and B, 
esterase D, glutamate-pyruvate trans- 
aminase, glyoxalase I, Gm immuno- susceptibility exists, then it must have The GPT locus has been provisionally 
globulins, haptoglobin, HLA A and B, the same chromosomal location in all 11 mapped on chromosome 10, but no other 
Kell, Lewis A and B, MNSs, phos- families. This is the appropriate assump- markers polymorphic in Caucasian pop- 
phoglucomutase 1, properdin factor B, tion for investigating linkage between ulations have been located on that 
Rh antigens C, c, D, E, and e, trans- known genetic markers: the ABO locus, chromosome (8). As polymorphic mark- 
cobalamin II, and vitamin D-binding for example, is located on chromosome 9 ers linked to GPT are discovered, they 
globulin. Each marker was tested for in all 11 families. Furthermore, because can be tested for linkage to the hypothe- 
linkage to hypothetical dominant and re- ages of breast cancer diagnosis appear sized susceptibility allele in the present 
cessive susceptibility alleles. homogeneous in these families, they families. If the linkage of GPT to a domi- 

Linkage results for glutamate-pyru- were combined for segregation analysis. nant allele increasing susceptibility to 
vate transaminase (GPT) indicate that Under this assumption, the lod score for breast cancer can be confirmed, medical 
this locus may be close to a dominant al- GPT in all 11 families is 1.43, corre- counseling for both susceptible and not 
lele increasing susceptibility to breast sponding to 27 to 1 odds in favor of link- susceptible women in such families will 
cancer (Table 1). No one family alone age. For this test alone, P = .01; but become a real possibility. 
yielded very much information, but the P = .15 after allowing for multiple com- However, GPT cannot be used as a 
cumulative lod scores are suggestive. Six parisons. screening test for breast cancer. The 
of the families provide evidence in favor An alternative approach is to recog- GPT gene simply marks the chromosom- 
of close linkage. Five families provide nize that breast cancer may be influ- al region where a susceptibility gene of 
very weak evidence against linkage; for enced by different autosomal dominant still unknown function may be located. 
each of these families, independent as- mechanisms in the 11 families. In this In the general population, there is no as- 
sortment of the GPT and susceptibility case, we would look for clusters of fami- sociation between a woman's GPT geno- 
loci was slightly more likely than link- lies, within a sample consistent with a type and her risk of breast cancer. Our 
age. For the 11 families as a group, the genetic model, which appear to show results can only be used to counsel wom- 
strongest evidence in favor of linkage is similar linkage relationships. According en in families in which genetic linkage 
at zero recombination (0 = 0). However, to this interpretation, the strongest evi- between the GPT locus and a susceptibil- 
the individual lod score for family B103 dence for linkage is provided by the six ity gene can be confirmed. 
is greatest at 0 = .36. The true recombi- families with a combined lod score of Not all families with high incidence of 
nation fraction 0 for GPT and the suscep- 1.84, corresponding to 80 to 1 odds in fa- breast cancer follow this pattern. In anal- 
tibility allele is probably between zero vor of linkage, and P = .04 after adjust- yses of breast cancer in families other 
and .36 and can more accurately be esti- ing for multiple comparisons. Under this than the 11 reported here, we have found 
mated when additional families are ana- assumption, we would conclude that some pedigrees in which susceptibility is 
lyzed. No other markers appear to be breast cancer susceptibility in families not consistent with a single-gene hypoth- 
closely linked to any susceptibility allele such as B108 with negative lod scores is esis, and still others in which susceptibil- 
in these families: lod scores for the other probably influenced by a mechanism oth- ity to breast or endometrial cancer late in 
markers ranged from - oto +0.18 for the er than a dominant allele linked to GPT. life appears to be inherited as an auto- 
families as a group. Nor is there evi- However, the 11 lod scores reported in somal dominant allele not linked to GPT. 
dence for linkage of GPT to a recessive Table 1 are not significantly heteroge- Confirmation of the linkage of GPT 
susceptibility allele: the maximum lod neous, so such an interpretation is not and a breast cancer susceptibility gene 
score for GPT under a recessive model is warranted at present. Since suggested may offer an opportunity to elucidate 
+0.09 at recombination fraction 0 = .2. linkages supported by lod scores of less breast cancer etiology. It may be pos- 

The interpretation of the GPT linkage than about 1.5 have frequently proved sible to determine the way in which sus- 
result depends in part on assumptions of incorrect (6), it is essential to test our hy- ceptibility genes influence breast cancer 
the homogeneity of breast cancer in this pothesis in other families in which breast risk by comparing immunological and 
sample of families. One alternative is to cancer incidence is consistent with a ge- hormonal profiles of genetically suscep- 
assume that, if an allele for breast cancer 
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tible but unaffected young women with 
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netic model (7). 



those of young women who are not ge- 
netically susceptible. If we can deter- 
mine how susceptibility genes for breast 
cancer are expressed, we can begin to in- 
vestigate how to alter this expression to 
modify preclinical developments in the 
natural history of breast cancer. 
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Melanoma occurs in all known human 
populations, in both sexes and in all age 
groups; the incidence is highest in the 
Caucasoid population (1). Among the 
most malignant of human tumors, mela- 
noma composes 1 to 2 percent of the to- 
tal cancer incidence and about 20 per- 
cent of all skin cancer. Generally, the 
prognosis is poor; the best available clin- 
ical procedures, individually or in combi- 
nation, offer only a limited degree of 
temporary relief (2). However, a number 
of agents have been found to selectively 
destroy normal integumental melano- 
cytes in vivo (3-7). These melanocyto- 
lytic (depigmentary) agents may detri- 
mentally affect abnormal melanocytes 
(melanoma cells); encouraging findings 
have been reported for some of these 
agents (8, 9). Here we report the effects 
in vivo of one such melanocytolytic 
agent, hydroquinone, on mice receiving 
melanoma transplants. 

The NIH Harding Passey melanoma 
was grown in BALB/c female mice as 
follows. On day zero, 0.1 ml of mela- 
noma brei (12 g of melanoma plus 10 ml 
of 0.9 percent saline) was injected subcu- 
taneously in the right axilla to form the 
transplants. Following an NIH screening 
procedure (10), we injected subcutane- 
ously either hydroquinone or 0.9 percent 
saline vehicle once daily on days 1 
through 9. The animals were injected at 
15 to 17:30 hours daily to avoid possible 
diel variation. The control and experi- 
mental groups are indicated in Table 1. 
After the initial 9 days of chemotherapy 
the mice received no further treatment. 
They were examined daily for the 140- 
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sis of two Mormon families yields a combined 
lod score of about 1.0 for linkage of GPT with an 
autosomal dominant allele increasing breast can- 
cer susceptibility. If this result is confirmed, the 
total lod score from the 11 families reported here 
and the two Mormon families will be about 2.4. 
This would provide strong evidence in favor of 
linkage. 
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day experimental period, after which 
time the surviving mice were killed. Au- 
topsies were performed on all mice, and 
the melanomas were weighed. For statis- 
tical analysis of survival we used the log- 
rank method of life table analysis (I1) 
which has been applied previously to 
clinical trials in cancer chemotherapy 
(12). Other data were analyzed by Stu- 
dent's t-test. 

Comparison of the median survival 
times (Table 1) reveals that all of the con- 
trol groups not implanted with melanoma 
have median survival times exceeding 
140 days (the length of the study). Fur- 
ther, only one of the melanoma-bearing 
groups (injected with 80 mg of hydro- 
quinone per kilogram of body weight) 
has a median survival exceeding 140 
days. Median survival for the other 
melanoma-bearing groups ranges from 
94 to 96 days. 

Comparison of the survival curves of 
the melanoma-bearing groups treated 
with 16 or 80 mg of hydroquinone per 
kilogram revealed a statistically signifi- 
cant difference in survival rates (2 = 

12.12, d.f. = 1, P< .0005). The esti- 
mated probability of survival to 140 days 
was .725 for the group that received the 
high dose and .350 for the group that re- 
ceived the low dose. 

The two melanoma-bearing control 
groups not receiving chemotherapy (no 
treatment; 0.9 percent saline) were not 
significantly different in survival (X2 = 

0.02, d.f. = 11, not significant). Data for 
these two control groups, therefore, 
were combined for subsequent analyses. 
A comparison of each of the two hy- 
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Survival of Mice Receiving Melanoma Transplants 
Is Promoted by Hydroquinone 

Abstract. In BALB/c female mice with melanoma transplants, the incidence of 
"takes" is decreased and survival is increased by hydroquinone, a melanocytolytic 
agent. The mechanism of drug action is suggested to be via DNA. The significant 
and high degree of positive response to hydroquinone treatment in vivo is encourag- 
ing for the clinical management of melanoma with melanocytolytic agents. 
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