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A Genetical Model for Vitiligo

Partha P. Majumder,*t §. K. Das,t and C. C. Li*

sHuman Genetia Division, Department of Blostatistics, University of Prisburgh, Pittsburgh: and tindian Statistical instinute. Caloxa

Summary

A genetical model is found to provide a good fit to family data on vitiligo. The model postulates that
recessive alleles at a st of four unlinked diallelic loci are involved in the causation of the disorder. Under
this multiple recessive homozygosis model, for normal x affected families ascertained through the affected
pareat, the expected segregation probability is .063; the estimated value is .053, which is not significantly
differeat from the expected value. For normal X normal families ascertained through an affected offspring,
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Introduction

vitiligo is an idiopathic hyp ic dermato-
logical disorder that is characterized by pale, milk-
white macules that tend to become progressive over
time (Mosher et al. 1979). Although universal in oc-
currence, its prevalence varies considerably among
different countries and ethnic groups. Primarily on
the basis of clinical records of hospitals and skin clin-
ics, the prevalence is estimated to be ~1% in Egypt,
~0.39% in Switzerland, ~0.14% in Russia, ~0.24%
in London, ~1.64% in Japan, and ~1% in the
United States (Lerner 1959; El-Mofty 1968; Indian
Chemical Society 1984). On the basis of population
surveys, in the Isle of Bomholm in Denmark the prev-
alence is estimated to be ~0.38% (Howitz et al.
1977), and in western India the prevalence varies
from near absence to ~3.6% among different com-
munities (Mchta et al. 1973).

Positive family history and familial aggregation of
vitiligo have been noted for a long time (Cockayne
1933; Merelender and Rywlin 1940; Behl 1955;
Levai 1958; Lerner 1959; Mehta et al. 1973; Goudie
et al. 1980; Hafez et al. 1983). Both members of two
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bability is .037; the estimated value is .04.

monozygotic twin pairs have also been found to be
affected (Mohr 1951; Siemens 1953). The mode of
inheritance of the disorder is still debacted. Some be-
lieve that vitiligo is due to an incompletely penetrant
autosomal dominant gene (Cockayne 1933; Lerner
1959), while some others claim that the disorder gene
is autosomal recessive or that the disorder is poly-
genic/multifactorial in nature (Mchta et al. 1973;
Carnevale et al. 1980). Systematic family studies of
this disorder are, however, sadly lacking. Recemly,
Hafez et al. (1983) have studied families of 150
vitiligo patients. Their data did not support cither 2
single-locus | dominant or an | re-
cessive model, but a multifactorial model provided an
adequate fit. The heritability was estimated to be
72.4%. Hafez et al. (1983), however, did not account
for variable age at onset of the disorder, and there-
fore their conclusions are to be accepred as tentative.

With a view to und: ding the epidemiology
and genetics of vitiligo, we had recently undertaken
a study in Calcutta, India. In this study, epidemio-
logical data were gathered from 15,685 individu-
als (7,555 males and 8,130 females). Data on 298
families, each ascertained through a single affected
individual, were also gathered. Details of the proce-
dures of data collection are available in Das et al.
(19854, 1985b). Analysis of the epidemiological data
revealed the following facts that are pertinent to the
present study (for details, see Das ¢t al. 1985a): (1)
the prevalence of vitiligo is 0.459%; (2) there are no
statistically significant sex or age differences in preva-
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lence rates; (3) there is approximately a 4.5-fold in-
crease in prevalence among close biological relatives
of affected individuals; and, (4) the age at onset of the
disorder is variable—the mean and modal ages at
onset are approximately 22 years and approximatcly
15 years, respectively. Analysis of these family data
led to the following conclusions (for details, see Das
et al. 1985b): (1) there is a significant familial aggre-
gation; (2) the disorder does not appear to be inher-
ited in a simple dominant or recessive fashion; and,
(3) the heritability of liability to the disorder is 46%
+ 5% when a polygenic liability threshold model is
assumed.

As mentioned in Das et al. (19855}, onc of the
major problems in the firting of concrete genetic
models to our family data set on vitiligo has been
the lack of multiplex families. Only ~10% of the
families are multiplex, and, cven among multiplex
families, most families have only one affected relative
of the proband. The parents of affected children are,
in a majority of cases, both unaffected, but there is
not even a single case of consanguineous mating. Re-
currence risks among offspring are much lower than
the 25% or 50% values expected, respectively, under
single-gene recessive or dominant models (Das et al.
19856). The disorder, therefore, does not seem to be
due to a single gene, cither dominant or recessive.

Recently, Li (1987) has suggested a concrete ge-
netic mode) for a rait for which the vast majority of
families will have only one affected member. The
purpose of the present study is to investigate whether
the model proposed by Li {1987) provides an ade-
quate fit to the vitiligo family data ser.

The Family Data Set

Each family in this data set is nuclear, and each
was ascertained through a single affected proband.
The probands were affected individuals who came
for medical treatment/consultation to the Dermatol-
ogy Department of the Calcutta National Medical
College Hospital and the Calcutta Skin Institute.
Clinical inations of family bers were per-
formed by a professional dermatologist. In all, data
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ascertained gh pring. The paren.
tal mating type for every family ascertained through
an affected parent was normal x affected, while that
for every family ascertained through an atfected off-
spring was normal X normal. Eight families (9.3%)
ascertained through an affected parent had an af-
fected offspring; the remaining 78 families (90.7%)
had only normal offspring. The average sibship size
of families ascertained through an affected parent is
2.92 = 0.26. Of the 188 families ascertained through
an affected offspring, 13 families (7%) were multi-
plex; in the remaining 175 families (93%), the pro-
band had no affected sib. The average sibship size in
these 188 families is 4.47 = 0.15. [n the 13 multiplex
families, the total number of affected sibs of the 13
probands was 16.

As mentioned earlier, the prevalence of the disor-
der in the general population from which the famiics
were sampled is .00459. The disorder has a variable
age at onset. The distribution of age at onset was
estimated from data available on the probands; this
distribution is presented in table 1.

This model, proposed by Li (1987), assumes that
the trait is due to multiple recessive homozygosis.
Thus, if there are k unlinked loci involved in the de-
termination of the trait and if at each locus there are
two alleles—A ,a; B,b; C,c; etc.—affected individuals
are of genotype aabbcc . . . ; individuals of all other
genotypes {(which have at least one gene denoted by
an uppercase letter) are phenotypically normal. Thus,
of the 3* genotypes, only one genotype leads o an
affected phenotype, the remaining 3* — 1 genotypes
being phenotypically normal, If g; denotes the fre-

The Multiple R ive H 1s Mode!

Table |
Distribution of Ags at Onset of Vitiligo among Affected
Probands

Cumularive 1 - Cumulauve

on 298 families were collected. However, b of
incomplete information, primarily on ages of individ-
vals, data on 24 families were discarded, and the dara
on the remaining 274 families have been analyzed in
the present study. Of the 274 families under consider-
ation, 86 families were ascertained through an af-
fected parent and the remaining 188 families were

Age at Onset  Propori Prop Prop
(Years) of Probands -p, -z,
283 283 27

.286 .569 431

185 754 246

108 .62 138

.07t 933 067

050 983 017

017 1.000 000




quency of the recessive allele (the allele denoted by a
lowercase letter) at the ith locus (1 = 1,2, ..., k),
then the frequency of the trait in the general popula-
tion is

o= [la.

Li (1987) has shown that the probability that a
normal x affected family, ascertained through the
affected parent, produces an affected offspring is
$ = QA1 + Q).

To obtain the probability that a normal X normal
family, ascertained through an affected offspring,
produces an affected offspring is more difficult. To
simplify the algebra, we assume that g, = q, for all
i=12,...,k Wenote that cach of the normal
parents in a family ascertained through an affected
offspring must be either heterozygous or recessive ho-
mozygous at each of the & loci and must be heterozy-
gous at least at one locus. This is because in order 10
produce an aabbcc . . . offspring, cach parent must be
capable of tr itting an abc . . . g . and the
reason why neither parent can be recessive homozy-
gote at all the k loci is that each parent is known to be
phenotypically normal. [f Hardy-Weinberg equilib-
rium is assumed, the frequencies of heterozygotes and
recessive homozygotes are, for cach locus, 29(1 ~ ¢q)
= H(say}and4* = R (say), respectively. Hence, for
any such family in which the father is heterozygous at
i loci and the mother is heterozygous at j loci, the
mating frequency M, is

(e

2 (48

=) =}

M=

The probability that this family produces an affected
offspring, 8,, is
8= .
2+t

Hence, the overall segregation probability, 8, in all
such families is

PR
0= Z. Z M, 9,.
e
which is another form of Li’s (1987) §3. Obviously, ¢
and 6 are both dependent on the number of loci (k)
and on the prevalence rate in the general population.

Table 2

Mhmrm(q)wwmmm
(0) In Famikies Capable of Producing an Affected Offspring
'ld!lno‘mlnanumwoand(k)deHuldph
Recessive Homoxygosls Model when the Prevalence

Rata Is 00459

Gene Frequency s Probabil
k lq. = q = 10.00459)""] (0 = 23 Mz,

! 0677 .2500

2, 2603 0993

3. 4077 0552

.. 5102 0368

s 5837 0274

For the given prevalence rate of vitiligo {=.00459),
in table 2 are presented the values of ¢ and 8 for
various values of k. As is seen from this table, for a
fixed prevalence rate, g increases with k while 8 de.
creases with increase in k.

Analysis of Data of Normal % Affected
Families, Each Ascertained through
an Affected Parent

As mentioned in the previous section, the scgrega-
tion probability in normal x affected families cach
ascertained through an affected parent is

5 =2
1+Q

where Q7 is the prevalence rate of the disorder in
the general population. In the present case, Q? =
.00459, and Q = .06775; therefore, §; = .06345.

Estimation of the segregation probability from the
family data poses a problem because of variable age
at onset of the disorder. Since the onset age is vari-
able, normal offspring may actually be of the affected
genotype {aabbcc . . .} but may not have manifested
the disorder. However, one can estimate the proba-
bility, z,, that an individual of age x is phenotypi-
cally normal given that she or he is of the affected
genortype (aabbcc . . .). Unfortunately, because of a
limited sample size, estimates of z, are not available
for every age x. What we have been able to estimate
arc the probabilities, p, (i = 1,2, ..., 7), that an
individual belonging to an age group i will be affected
given that she or he is of the affected genotype (table
1, col. 3). From these estimates, we have estimated
the 2, values for the different age groups, z, (i = 1, 2,
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..+, 7), values that are presented in the last column of
table 1. Noting that the prabability that an offspring
of 2 normal X affected mating will be of the affected
genotype is Sy, and that the probability that an off-
spring of age x remaining phenotypically normal
given that she or he is of the affected genotype is 2o
one can write down the likelihood of the phenotypic
observations on offspring of all the normal x af-
fected families. Suppose, in all thesce families, that M
denotes the total number of offspring and that R de-
notes the observed total number of affected offspring.
Then the likelihood, L($;), of the data is

R
Lsde [] 01 -z
m-l

!

m +1

[(1=8) + 81 2emls

where 7, denotes the probability that the mth off-
spring of age x is of the normal phenotype given that
she or he is of the affected genotype. Solving the
equation

dinLis) _ R _ 1-tn
]sl ) meaR+1 1-5 +S]'Z",,,
one obtains
R
Si=—5

1
mak+1 (1 - lx,m)_1 -$
Since, as mentioned carlier, the estimates of the
values of z, are available only for seven age groups
and not for individual ages x, the above equation can
be rewritten as

R

—_—
%4 fams]

where u; denotes the ber of phenotypically nor-
mal offspring in age group i {i = 1,2,...,7). This
equation can be solved for §, in an iterative manner,
starting with an initial value of y, to yield the max-
imum likelihood estimate of ;.

When this method is used on the normal x af-
fected family data set of vitligo (comprising 86
families with 251 offspring of whom eight are af.
fecred), the maxi likelihood esti of §; turng

§ =
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out to be .053 * .0002. This estimated value does
not differ significantly (at the §% level) from the
expected value of .063 (Z = [.053 — .063)/V.0002
= —.707). In other words, the multiple recessive
homozygosis model provides an adequate fit to the
data of normal x affected families, cach family as-
certained through an affected parent.

Analysis of Data of Normal x Normal
Families, Each Ascertained through
an Affected Offspring

For normal x normal families capable of produc-
ing an affected offspring, the segregation probabili-
ties are given in table 2 for various values of the
number of loci, under the assumption of equal genc
frequencies at all loci.

To estimate the segregation probability from the
data, we adopt a likelihood approach to take into
account the variable age at onset of vitiligo and to
correct for the bias of ascertainment {since the
families are ascertained through an affected off-
spring). Following Elandt-Johnson (1971), we first
outline below the method of calculating the likeli-
hoed of one normal X normal family ascertained
through an affected offspring. Let:

9 = segregation probabilicy = Prob (offspring is
aabbec ... );

@ = ascertainment probability = Prob (an offspring
is a proband given that she or he is affected);

n, = total number of offspring in age group i;
7, = observed number of affected offspring in age
group §;

e m -

i=1

total number of offspring in the
family;
7= i r; = towl obscrved number of affected
=
offspring in the family;
pi= Prob (an individual in age group i is affected
given that she or he is aabbcc . . ).
Therefore, Prob (an offspring in age group i is af-
fected) = p;8. Now, Prob {a family with r affected
offspring will have at least one proband) = o, = 1 -
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Table 3
in-Likallhood Values of 188 Normal X Normal Familles Each Ascertained through an
Affected Offspring, for D Valuas of Segregation (8) and Ascer {m)
Probabliities
- ASSUMING
SINGLE

8 .01 .0§ .10 30 SeLecTion
.01 —167.58 —167.82 —168.13 —169.48 ~167.52
02 ... —160.49 -160.66 -160.86 -161.81 —160.45
03 ... —158.04 -158.12 -158.23 -158.77 -158.02
04 .. -157.50 —157.50 - 157.51 -157.64 ~1572.51
05 ... -158.03 —157.95 -157.85 —157.57 -158.05
06 ... —-159.24 ~159.07 ~-158.87 ~158.19 -159.28
A0 L ~167.87 ~167.38 -166.77 —164.46 -167.99

(1 — =)". Hence, the probability that in a family with
n, offspring in the ith age group there will be r; af-
fected offspring in the ith age group is

[] ( )(ps)" (1 - poy "

The probability that such a family is ascertained is
o, P(n,r) = N. Now, the probability that a family
with »; offspring in the ith age group (S5, n; = n)
has at least one affected offspring and is ascertained
is

= P(n,r).

2 [u, . z P(ni,li)] =

(RO 4]
[N
Eh=r

Hence, the conditiona!l distribution of affected off-
spring in this family when it has been ascertained
through an affected offspring (which is the likelihood
of this family) is

Lgm) = %.

If M families are sampled, the joint likelihood of all
families is

M
Lgm = || Lnom,

where L,.(8,7) denotes the likelihood of the mith
sampled family (m = 1, 2,..., M). Since there are
two parameters to be estimated, the joint likelihood
L(8,m) may be numerically maximized to yield max-
imum-likelihood estimates of 6 and =

We note that if m = 0 (single selection), then o, =

1 ~ (1 = «) = rm. Hence,

Lp(®m) = L) = - Flwr)
S-S Py
gy

Ian,
Xt

which is independent of .

Using this method, we have calculated the joint
likelihood, for various values of 8 and , of ali the
188 normal x normal families each ascertained
through an affected offspring. These results are given
in table 3. From this table, 1t is seen that for any value
of 7 the likelihood is the maximum for 8 = .04. For
8 = .04, the likelihood values are more or less equal
for all values of m, aithough numenically 1t 15 max-
imum for w = .05. (For values of m > .3, InL de-
creases monotonically for any given value of 8; 01 <
8 = .1.) Since the maximum-likelihood estimate of =
is small, one can assume single sclection and treat the
likelihood as a function of a single parameter 6, as
has been described above. Assuming single selection,
we ﬁnd that § = .039 and that the InL(8) value at @

.039 is —157.5022. The standard error of § is
007. Comparing the estimated valuc of 8 with those
given in table 2, we sce that the data are compauble
with a four-locus multiple recessive homozygosis
model.

Discussion

It is a moot question whether the multiple recessive
homozygosis model is the true underlying genetic



124

mechanism for vitiligo. This model is put forward as
tentative. It surely captures the essential characteris-
tics of the family data and gives an adequate fit to the
entire data set. In normal x affected families ascer-
tained through the affected parent, it may be noted
that the segregation probability is independent of the
number of loci. Therefore, no assumption had 1o be
made regarding the ionshins of gene frequencics
at the various underlying loci. The agrecment be-
rween the expected and the observed scgregation
ratios in these families is surprisingly good given that
neither the prevalence rate nor the age-at-onset table
{table 1) is free from sampling errors. -

The analysis of data of normal X normal families
ascertained through an affected offspring involved
the assumption of equality of gene frequencies at the
Joci determining the disorder, While this assumption
is arbitrary, it may be noted that (1} in the absence of
a priori information, any other assumption would
have been equally arbitrary and (2) serting the fre-
quency of the disorder gene at one or more loci at
values higher than those at the remaining loci in-
creases the segregation probability because, in effect,
this is tantamount to suggesting the involvement of a
smaller number of loci in the determination of the
disorder. Further, for computing the likelihood we
have used a weighted average of the segregation
probabilities from various mating types, to reduce
computational time and ¢ ity. A more appro-
priate method would have been to compute the over-
all likelihood as the weighted sum of conditional
likelihoods, conditional on the mating types, the
weighting factors being the mating frequencies. In
any case, whether four loci are actually involved can-
not be confirmed through statistical studies, although
the four-locus multiple recessive homozygosis model
yields predictions that may be tested in other family
data sets.

Our finding that 2 model involving multiple un-
linked loci gives an adequate fit to the vitiligo data is
in agreement with the findings of the studies on ge-
netics of pigmentation in the laboratory mouse.
Quevado et al. (1987) have concluded that several
genes at several loci are involved in the determination
of pigmentation in the mouse. For vitiligo in man,
there is also suggestive evidence of the involvement
of several loci. Vitiligo has been found to be sig-
nificantly associated with several autosomal marker
loci—RH on chromosome 1 (Das et al. 1985b),
ACP1 on chromasome 2 (Das et al. 1985b), MN on
chromosome 4 (Wasfi et al. 1980), and some HLA
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igens on chr 6 (Merzker et al. 1980). It
may further be noted that recent observations suggest
that vitiligo is an autoimmune disorder with specific

ibodies to mel ytes (Naugh et al. 1986),
Studies in mice on insulin-depend diab an
autoimmune disease—have shown that three reces.
sive loci are involved in the determination of the dis-
case (Prochazka ct al. 1987). [t may well be that
vitiligo is similarly determined by multiple recessive
foci. Qur statistical findings are in concordance with
known observations.
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