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SUMMARY In seven pedigrees displaying the familial atypical multiple mole-melanoma (FAMMM)
syndrome, three successive linkage analyses were performed between HLA and an assumed domi-
nant gene determining respectively each of the following affected phenotypes: (1) precursor lesions,
(2) cutaneous malignant melanoma (CMM), and (3) precursor lesions or CMM or both. Close
linkage could be excluded in (1) and (3). However, if the transmission of malignant melanoma itself
were assumed to be due to a single gene different from the one responsible for precursor lesions,
a maximum lod score of 1 * 64 was observed at a recombination fraction of 5 %, assuming low pene-
trance values. These different results are discussed in respect to the possible mechanisms causing
the familial distribution of these traits. Two alternative hypotheses were proposed. Either the
FAMMM syndrome is a rare genetic entity not closely linked to HLA or the association and
transmission of precursor lesions and CMM in families are due to several factors among which
HLA might play a role.

Familial occurrence of cutaneous malignant melan-
oma (CMM) has been widely reported since the first
report in 1817 cited by Greene and Fraumeni.1
The frequency of familial malignant melanoma cases
among all occurrences of the disease varies from 4 to
12% according to the authors. Various examples of
vertical transmission of CMM in families have been
described, fitting a dominant mode of inheritance.
However, in other series, irregular transmission
patterns have suggested reduced penetrance of a
dominant gene or a polygenic mechanism.' Recently,
among familial malignant melanoma cases, a new
clinical entity associated with precursor lesions has
been isolated2-4: atypical moles have been found in
CMM patients belonging to multiple case families
and their relatives. This new syndrome is known as
B-K mole2 or familial atypical multiple mole-
melanoma (FAMMM) syndrome.4 In these studies,
familial transmission of this syndrome appeared to be
consistent with autosomal dominant inheritance.
As in other pre-cancerous conditions, it seemed
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interesting to seek for a biological marker which
would allow detection of high risk persons. Some
cellular biomarkers which might be associated with
CMM have been reviewed by Lynch et al.5 An
increased frequency of Gm( +2) immunoglobulin
allotype in CMM patients was reported once,8 but
not found in another study.7 Recently, Greene et al,8
analysing 14 FAMMM kindreds, did not find any
evidence for linkage between a dominant gene for
CMM itself and 23 genetic markers (not including
HLA). However, they suggested a possible loose
linkage between a dominant gene for precursor
lesions orCMM or both and the Rh locus (maximum
lod score of 2-00 at a recombination fraction of
30%).
The search for association between susceptibility

to CMM and HLA antigens has lead to numerous
population studies, but with no significant results in
most of them.9 However, a significant increase in
HLA-B40 and a decrease in HLA-Bw35 antigens
have been recently reported in a series of 140
melanoma patients when compared to controls.10
A significant increase of HLA-A9 was also observed
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in severe forms of the disease, especially in the
metastatic or relapsing forms." An indication of a
possible linkage between a dominant CMM sus-
ceptibility gene and HLA hag been suggested in a
large Australian kindred,'2 with a maximum lod
score of 1 25 at a recombination distance of 10
units. Furthermore, in five of six Italian families
with multiple cases of CMM, affected sibs were
reported to share at least one HLA haplotype.13
We present here a linkage analysis between HLA

and precursor lesions or CMM or both in seven
families digplaying the FAMMM syndrome.

Patients and methods

PATIENTS
Since 1978, about 350 malignant melanoma patients
seen by one of us ( J P Cesarini) were questioned
about the presence of similar lesions among their
relatives. Seven of them with a positive family
history were selected and clinical and later histo-
logical investigation of their family members was
performed. As seen in figs I and 2, six of these seven
CMM probands had precursor lesions, the 'mole

Family OME

pattern'. Among 54 of their blood relatives who were
examined and HLA typed, 21 had precursor lesions
and melanocytic dysplasia could be demonstrated
histologically in seven of 13 skin biopsied cases. The
presence of atypical moles was also documented in
five dead persons, making a total of 26 relatives with
precursor lesions. Malignant melanoma developed
in nine of these relatives showing a mole pattern and
was found in five other cases (four of them dead)
without diagnosed precursor lesions.

Clinically, the mole pattern displayed the features
usually described.2-4 Histology showing dysplastic
melanocytes confirmed the diagnosis oftheFAMMM
syndrome. However, skin biopsy may not always
demonstrate dysplasia since, in a single patient, some
moles are atypical while others are normal. Primary
malignant melanoma cases showed the usual histo-
pathology with a majority of lateral superficial
spreading component.

HLA TYPING
Blood samples of the members of these seven
families were taken for HLA typing after their
consent. Thirteen alleles of HLA-A, 18 of B, and
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FIGS I and 2 Pedigrees of the seven families. The pedigrees have been simplified since spouses offamily members and
subjects ofthe youngest generation who were not HLA typed are not shown. HLA haplotypes are indicated by letters
and deduced HLA haplotypes are in parentheses. The figures indicate the present age/age at diagnosis.
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Family HAV

10

Clincal precursor lesions

Histologically confirmed
precursor lesions

Cutaneous malignant melanoma

Not personally examined

eight of C locus were tested by microlymphocyto-
toxicity'4 on peripheral lymphocytes. Seven HLA-
DR alleles were tested on enriched B cell suspen-
sions after depletion of T rosette forming cells with
sheep erythrocytes. Bf (Properdine factor B) alleles
were determined using the technique of Alper et al'5
on fresh samples of sera stored at -800C.
The nomenclature used for designation of the
HLA antigens is that of the Vllith International
Workshop.'6

LINKAGE ANALYSIS

Possible linkage between an assumed dominant gene
controlling the susceptibility to the disease and HLA
was investigated by the lod score method for the
seven families. It is not certain that a single genetic
mechanism is responsible for precursor lesions or the
malignant state or both. Therefore, three successive
linkage analyses were performed considering each
of the following as the affected phenotype: (1) only
persons with precursor lesions (with or without
CMM) are affected; (2) only persons displaying
malignant melanoma are affected; (3) all persons

showing any of the clinical forms (precursor lesions
or CMM or both) are affected. Each of these traits
was assumed to be determined by a single autosomal
dominant gene. The lod scores were computed for
different values of the gene frequency and penetrance
corresponding to a population frequency of the
trait taken to be either 1 in 1000 or I in 10 000 for
precursor lesions (since it is not known precisely)
and in 100 000 for CMM.17 The third analysis was
performed at two values of the disease frequency:
1 in 1000 and 1 in 100 000. As the age of onset of
these traits is variable, penetrances of susceptible
genotypes were calculated for each subject as a
function of age, using a straight line age correction as

proposed by Hodge et al.'8 We used a linear age
correction curve with the penetrance varying from
0% to a maximal value between 3 and 30 years for
trait (1), 15 and 40 years for trait (2), and 3 and 40
years for trait (3). Differept maximal penetrances
were considered: 0-05, 0 10, 0 30, 0 50, 0 70, and
0 90. Since there are three intra-HLA recombinants
(two between A and B and one between B and DR
loci), the data were analysed twice considering
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FIG 2 See fig 1.
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separately the HLA-A locus and the remaining
HLA-C-B-DR haplotype*. Lod scores were
calculated for equal male and female recombination
*For the B-DR recombinant, we considered the segregation of the
DR locus alone in parents and offspring. This could not change the
results since both parents were heterozygous for DR.

TABLE 1 HLA haplotypes in patients with precursor
lesions (PL) or cutaneous malignant melanoma (CMM) or
both in the seven families.
Family HLA No ofpatients

haplotype A C B DR Bf with the
haplotype

Pl. CMM

ETA a* w24 w7 8 4 NT 1 2
b 3 w5 12 NT NT 0 1
c* 1 wI w35 5 NT I 1

GON a w33 - 14 4 NT 5 1
g* 2 w3 15 - NT 2 1
j w24 - - 7 NT 4 1
m* 2 w4 w35 3 NT I 1
a w24 w2 18 4 NT 1 0
o 29 - 12 4 NT 1 0
r 3 w4 w35 4 NT I 0

BOL a* 29 - w44 7 F 5 4
b -- 7 2 S 1 0
c 2- 5 5 F 4 2
d I w3 40 w6 S 1 1
f* w23 w7 w21 5 S 2 2
g w192 w1 w44 2 NT I 0
h w32 - 14 1 S 2 0
j w23 - 17 5 S 2 0

OME a* w32 NT 7 NT NT 7 4
g* 2 NT w21 NT NT 4 2
h w24 NT 7 NT NT 1 1
k 28 NT 27 NT NT I 0

CHA a* 3 - 7 2 NT 0 3
e* 2 w7 8 3 NT 1 1
f 11 wI 47 5 NT 1 0
k 1 w2 40 w6 NT 0 1

HAV a 2 w2 12 - NT 0 1
b* w24 w7 w39 I NT 2-It 2
d* 11 w4 w35 - NT 1-2t I
e 3 - 8 - NT 1 0

GOU a 2 NT 12 w3 NT I 0
b 2 NT 17 7 NT I I
c* 10 NT 7 NT NT 1 1
d* 11 w4 w35 I NT 4 3
h 2 NT 15 NT NT 1 1

*Haplotypes present in probands.
tRecombinant between A and C locus.
NT Not tested.

values (0) varying from 0 0 to 040 using the com-
puter programme LIPED"9 modified to allow for
variable age of onset of the disease.'8

Results

As seen in figs 1 and 2, precursor lesions and CMM
are each vertically transmitted over two or three
generations, which may suggest a dominant pattern
of inheritance with incomplete penetrance in these
seven families.
HLA haplotype assessment was clearly estab-

lished in each family. TheHLA haplotypes ofaffected
persons are listed in table 1. We can note that Aw24,
a split of A9, was present in two of the seven
probands, four probands had Bw35, and none had
B40, which is not in accordance with reported
associations in case-control series (see introduction).
The HLA haplotypes segregated in a normal
codominant manner. However, three recombinants,
two between A and B and one between B and DR
loci, were observed: in two healthy subjects (families
BOL and OME, generation III) and in one patient
with precursor lesions (family HAV, generation
III).
All the lod scores are given for the HLA-C -B-DR

part of the haplotype, the results from the A locus
being similar. They are presented in tables 2, 3, and
4 respectively for the three traits defined previously.
When precursor lesions are considered, none of the
lod scores is positively significant (table 2). Tight
linkage can be excluded (lod score <-2'0) if the
gene fiequency is less than or equal to 2 x 10-3.
The distance (0%, 500, or 10% recombination) at
which exclusion of linkage can be asserted depends
on the values of gene frequency and penetrance.
When this analysis was repeated by taking as affected
only those with histologically confirmed precursor
lesions, it was possible to exclude linkage only at a

recombination fraction of0 %.
Similar results were obtained when the trait

TABLE 2 Lod scores for linkage between a dominant gene for precursor lesions and HLA.
Maximal penetrance at 30 years Gene frequency (q) Recombination fraction (0)

0.0 0.05 0.10 0-20 0-30 0-40

0.05 10-2 -0.26 0.64 0.71 0.56 0-36 0.13
10-3 -3.75 -1I00 -0-57 0.06 0.26 0.14

0.10 5 x 10-3 -1.31 0.13 0.29 0.35 0.31 0.13
5x 10-4 -5-04 -1.59 -0.94 -0.03 0.23 0.13

0.30 2x10-3 -3-59 -1.05 -0-62 -0-03 0.20 0.12
2x 10-4 -7-51 -2-63 -1*45 -0-19 0-18 0-12

0.50 10-3 -5-39 -1-99 -1-25 -0-26 0.13 0.11
10-4 -9-36 -3-31 -1-80 -0-34 0.12 0.11

0.70 7x10-4 -7-58 -3-05 -1-90 -0-50 0.05 0.10
7x10-5 -11-57 -4-10 -2-27 -0-54 0.05 0.10

0.90 6x 10-4 -11-64 -4-62 -2-79 -0-80 -0-03 0.09
6 x 10-5 -15-63 -5*46 -3.06 -0-83 -0-04 0.09
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TABLE 3 Lod scores for linkage between a dominant gene for malignant melanoma and HLA.
Maximalpenetrance at 40 years Genefrequency (q) Recomblnationfraction (0)

0.0 0.05 0.10 0-20 0.30 0-40

0.05 10-4 -0-13 1.64 1-56 1.11 0.59 0.20
0.10 5x10-5 -0-48 1.64 1.56 1.11 0-60 0.20
0.30 2x 10-5 -1.21 1.58 1.54 1-13 0.62 0.21
0.50 10-5 -1.92 1.43 1*47 1.13 0-65 0.23
0.70 7 x 10-6 -3.01 1.13 1.33 1*13 0.67 0-25
0.90 6 x 10-6 -5.59 0.59 1.09 1.10 0.70 0-26

TABLE 4 Lod scores for linkage between a dominant gene for precursor lesions or malignant melanoma or both and
HLA.
Maximalpenetrance at 40 years Genefrequency (q) Recombinationfraction (0)

0.0 0.05 0.10 0-20 0.30 0.40

0-05 10-2 - 2-35 -0.54 -0.10 0.09 0-07 -0-02
10-4 -13-73 -4-01 -2.26 -0-59 -0.08 -0-03

0.10 Sx10-3 - 3-99 -1*15 -0.56 -0-13 0-01 -0-02
5 x 10-5 -15-68 -4-35 -2.34 -0-61 -0-09 -0.03

0.30 2x 10-3 - 7-28 -2.30 -1.42 -0-46 -0-07 -0.02
2 x 10-5 -19*18 -4.75 -2.47 -0-66 -0-10 -0-02

0.50 10-3 - 9.61 -3-08 -1-93 -0-63 -0-11 -0.02
10-5 -21.56 -5*01 -2.62 -0-73 -0-13 -0.02

0.70 7 x 10-4 -12.11 -3-88 -2.40 -0.78 -0-15 -0.02
7 x 10-6 -24-09 -5-39 -2.87 -0-84 -0-16 -0-02

0.90 6 x 10-4 -15.97 -4-95 -2-99 -0-97 -0-19 -0-01
6 x 10-6 -27-95 -6-18 -3-36 -1-01 -0-19 -0-01

analysed is precursor lesions or CMM or both. As
seen in table 4, all the lod scores were negative.
Linkage can be firmly excluded at a distance
<10% recombination for the different values of
penetrance and gene frequency corresponding to a
prevalence of 1 in 100 000. When the gene frequency
is a hundred times greater (prevalence of 1 in 1000),
it is also possible to exclude linkage but at lower 0
values.
When the linkage analysis was performed between

HLA and malignant melanoma itself, very few lod
scores reached negative values (table 3). Only
absence of recombination (0 = 0 0) can be excluded,
assuming high penetrance (0.70 or 0 90) and very
low gene frequency. The highest scores are obtained
at 0 valueq of 5% to 10%. The maximum observed
lod score is 1 64 at a recombination fraction of 5%
when the maximal penetrance is 0x 10 or 0 05 and the
gene frequency is 5 x 10-5 or 10-4 respectively; it
remains almost unchanged by a hundred-fold
increase in the gene frequency. This lod scoie value,
although not significant since it is smaller than the
lod of at least 3 0 required to establish linkage, may
indicate a trend in favour of possible linkage.
In each case, linkage homogeneity among these

seven families was tested by a x2 with 6 degrees of
freedom; it was not significant.

Discussion

Segregation analysis, which allows discrimination
between several transmission hypotheses for the
disease, could not be performed here since it was not
possible to correct accurately for ascertainment. It is
well known that misspecified ascertainment can lead
to biased estimates of the parameteis of the genetic
model. A dominant pattern of inheritance was
assumed, since precursor lesions and CMM ap-
peared to be vertically transmitted in these families,
and is in agreement with previous published reports
(see introduction). Since the parameters at the
disease locus, gene frequency and penetrance, were
not precisely known, various sets of these parameters
were considered. It has been recently shown by
Clerget-Darpoux et al24 that false parameter values
at the disease locus can lead to biased estimates of
the recombination fraction but do not greatly affect
the maximum lod score value.
These different linkage analyses allow exclusion of

close linkage between HLA and a gene assumed to
determine either precursor lesions (trait 1) or any of
the clinical forms, precursor lesions orCMM or both
(trait 3), when the gene frequency is< 103. However,
there is an indication of a possible linkage between
HLA and CMM if the malignant state is assumed to
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be itself determined by a single gene, different from
the one responsible for precursor lesions. It would be
inaccurate to add these lod scores obtained between
CMM and HLA to those which could be computed
from the published Australian'2 and Italian's family
data since the familial transmission ofCMM in these
different sets of data may not be due to a ubiquitous
genetic mechanism. Firstly, the frequency ofCMM is
much higher in Australia12 (1 in 1000) than in
Europe (taken here to be 1 in 100 000) and, secondly,
information concerning precursor lesions was not
mentioned in the Australian and Italian families.

Thus, the interpretation of our results depends on
the possible genetic mechanisms assumed to control
the association and transmission of both traits,
precursor lesions and CMM, in families. We
propose here two hypotheses. (a) There is a rare
single gene, with variable expressivity, determining
precursor lesions orCMM or both which is not close-
ly linked to HLA. In this case, the lod score of 1 64
observed between CMM and HLA would be due to
chance. (b) There is a more complex mechanism
involving several factors, genetic and environ-
mental, interacting with the gene determining pre-
cursor lesions to cause the neoplastic transformation.
In this case, the precurgor lesion gene is not closely
linked to HLA and the lod score of 1I64 between
HLA and CMM reflects a possible role of the HLA
complex in the development of malignancy.

Previous genetic studies of precursor lesions and
CMM, considered together or separately, do not
allow a clear discrimination between these two
hypotheses. A formal segregation analysis was
recently performed in 14 large families with multiple
cases of CMM and dysplastic naevi.8 The transmis-
sion of CMM was found to be compatible with
dominant inheritance. However, Mendelian segrega-
tion at one locus for dysplastic naevi or CMM or
both did not fit the data and this could have been
due to the presence of sporadic phenocopies, an
undetected ascertainment bias, or genetic hetero-
geneity.8 As mentioned previously, a possible but
not significant loose linkage between an assumed
dominant gene for dysplastic naevi orCMM or both
ond the Rh locus was observed in that sample.8
When CMM was analysed separately, no such result
tvas obtained with Rh or any other marker investiga-
ted. We also noted that linkage was not excluded
with the GLO (glyoxalase) locus located close to the
}ILA region. The difference in the results between
the two linkage analyses according to the trait
studied, precursor lesions* or the malignant state, is
ip accordance with our observations and tends to

*The two traits, precursor lesions or precursor lesions or CMM or

both, would probably lead to the same results since 92% of CMM
cases examined had precursor lesions in that sample.8

favour our second hypothesis of different genetic
mechanisms for precursor lesions and the neoplastic
transformation. Besides these familial clusters of
precursor lesions, sporadic cases, with or without-
melanoma, have also been described21 22 and a
possible polygenic inheritance was recently discussed
by Happle et al.23 With regard to the genetic deter-
mination of CMM considered as a whole, not only
monogenic' but also polygenic inheritance24 25 has
been proposed. Furthermore, environmental factors
may also contribute to familial aggregation of
malignant melanoma, such as ultraviolet radiation,
hormonal changes, oncogenic viruses, or carcino-
genic chemicals.26 In particular, a possible role of a
virus has been mentioned by several authors27 and
immunological tests were found to be abnormal
among various members of families with the
FAMMM syndrome when compared to non-family
controls.6 If the HLA region is confirmed by other
studies to influence the susceptibility to CMM, and
in the light of the viral hypothesis, one can speculate
that immune response genes may be involved,
following the murine virus induced leukaemia
model28 and the MHC restriction lysis.29 Thus,
linkage studies, especially with the HLA and Rh
loci, should be pursued, and immunological tests
are needed which could eventually allow better
understanding of the familial aggregation of pre-
cursor lesions and malignant melanoma.

We are grateful to Dr C Bonaiti for her helpful
comments and advice. This work was supported by a
grant from GEFLUC 1982-83 and a grant from
Caisse Nationale de l'Assurance Maladie des
Travailleurs Salaries (CNAMTS). It was also
financed by U212 dotation and la Ligue Frangaise
contre le Cancer.
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