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Studies on Vitiligo.
Il. Familial Aggregation and Genetics
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Data on 298 pedigrees, cach collected through an affecied proband. have been
analyzed to study familial aggregation and genetics of vitiligo. The extent of
familial aggregation is satistically significant at the 5% level. The disease does
nol appear to be inherited in a simple dominant or recessive fashion. The herita-
bility of liability to the disease is 46% + 4.82%. Neither common family
environment nor a major locus with additional sources (environmentsl andior
polygenic) can be excluded as a cause of familial aggregation. Association of the
discase with six polymorphic genetic marker loci have been studied. Significant
associations with ACP1 and RH loci have been found. This and earlier studies
indicate that the disease is associated with genetic loci on different chromosomes,
which points to a polygenic nature of the disease.
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INTRODUCTION

In an effort to understand the etiology of vitiligo (an idiopathic dermatological
disorder that is characterized by pale, milk-white macules that tend 10 become
progressive over time [Mosher et al, 1979]) a survey was undertaken in Calcutia,
India. In this survey, jcal data were gathered from 15.685
individuals drawn from the geneml populnuon. and pedlgrec data were collected
through vitiligo patients. Most sampled individuals were Bengali speaking and be-
longed to the Hindu caste. Details of the methods of data collection are given in Das
et al [1985). Analyses of these data revealed the following facts, which are relevant
here [Das et al, 1985]: 1) the overall prevalence of vitiligo is 0.459%: 2) there are no
statistically significant sex or age differences in prevalence rates; and 3) there is about
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a 4.5-fold increase in prevnleme nmong close blologlcal relatives (pmms sibs,
offspring, grandparents, , nephews/nieces, and first cousins) of affected
individuals.

The purpose of this paper is to present results on familial eggregation and
genctics of the disease, and its association with genetic markers.

FAMILIAL AGGREGATION

As mentioned in Das et al [1985], pedigree data were collected through affected
individuals who came for medical treatment/consultation to the Dermatology Depart-
ment of the Calcutta National Medical College Hospital and the Calculta Slun
Institute. The detailed family histories of the probands were gathered by ining
all surviving bers by repeated househ Id visits. Clinica] examinations were
performed by a professional dermatologist (T.K.M.). In all, 298 pedigrees. each
ascertained through exactly onc affected proband, were collected. However, since the
structures of the pedigrees were not fixed a priori, there is 2 good deal of “missing”
inforination in this data base. In the present analysis, we have, therefore. used 2
relatively complete subset of each pedigree. This subset comprises the following

latives of each proband: spouse, children, sibs, and parents. Of the 298 pedlyees
37 pedigrees had st least one affected relative of the proband, and the remaining 261
probands had no affected relatives.

Testing the hypothesis that there is familial aggregation in a pedigree comprising
N relatives of the proband is equivalent to testing whether among these N relatives
there is a greater number of affected individuals than is expected among N randomly
drawn individuals from the population. The probability that there are R affected
individuals in a set of N randomly drawn individuals is

PR | N) = ()P (a-p*,

where p denotes the probability of affection of a2 random member of the population
(which, as in the present case, is independent of age and sex). If for a pedigree, PR
| N) < 0.05, than one would conclude that there is a significant familial aggregationi
at the 5% level. Straightforward calculations show that for P = 0.00459. the
prevalence rate of vitiligo, P(R21 | N) < 0.05 for all N = 2,3,. .. ., 11, while
P(R=1 | N = 12) > 0.05 and P(R>2 | N=12) < 0.05. In the present set of 37
pedigrees cach with at least one affected relative of the proband, there are: 1) 30
pedigrees cach with R=1 and N< 11; 2) one pedigree with R=1 and N=12; and 3)
six pedigrees with R22 and N< 12, From the calculations presented above, it is
clear that except for the pedigree with R=1 and N=1I2, for the remaining 36
pedigrees P(R | N) £ 0.05. Of the 298 pedigrees the expected number of pedigrees
yielding P(R | N) < 0.05 by chance is, at the 5% level, only 15 (= 298 x 0.05).
This shows that there is a statistically significant evidence of familial aggregation.

ESTIMATION OF HERITABILITY

As mentioned eartier, of the 298 pedigrees in only 37 pedigrees there is at least
one affected individual other than the proband; except for the probands, the remaining
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61 pedigrees are devoid of any vitiligo cases. As is often the case with many human
Jdiseases [Falconer, 1965, 1981: Bulmer, 1980], a close examination of the pedigrees
indicates that the disease is not inherited in any exclusive and strict Mendelian fashion.
In none of the pedigrees is there any consanguineous mating contrary to what would
be expected if the disease were due to a single recessive gene. Furthermore. the
recurrence risks are much lower than the 25% or 50% figures expected, respectively,
under simple completely penetrant recessive or dominant models. Thus, a fully
penetrant single gene alone cannot explain the familial aggregation. Involvement of
an incompletely penetrant major gene, perhaps with other sources (common family
environment and/or polygenes), cannot, however, be ruled out. Since the power to
discriminate among the alternative models based on this limited data set is very low,
we tentatively entertain, on grounds of parsimony, a polygenic liability threshold
model (Falconer, 1965). and estimate the heritability of liability to the disease.
However, the possible involvement of an additional major locus cannot be discounted.
In the set of 298 pedigrees, out of 1731 first-degree relatives (with coefficient of
relationship = 0.5) of the proband, 46 were affected. which yields a prevalence rate
of 2.657% among relatives of probands. As ioned earlier, the prevalence rate in
the general population is 0.459% (72 affected individuals out of a total of 15.685
individuals). Using these figures, the heritability [Falconer, 1965] is estimated 1o be
46.06% + 4.82%. It, therefore, seems that although genes may play a role. environ-
mental factors also play a large role in the familial aggregation of the disease.

ASSOCIATION WITH GENETIC MARKERS

The examination of the association of a disease with other genetic marker loci
is of obvious importance in genetic epidemiology. Evidence for such associations can
provide helpful clues regarding the genetics of the disease. Earlier studies have
indicated that among vitiligo patients there is a significant excess of M blood group
individuals {Wasfi et al, 1980] and of G-6-PD deficient males [Saha et al, 1982].
Significant association with some HLA antigens have also been noted [Metzker et al,
1980: Foley et al, 1983].

In the present study, we made efforts to type the blood of each proband at the
following 13 genetic marker loci: ABO, RH, ACP1, PGM1, ESD. AKI, HP, HB.
TF, CP, LDH, MDH, and ALB. However, some probands refused to give blood and
the lack of a supply of lab y reagents resulted in variable sample sizes
at the various marker loci. The phenotypic distributions at seven marker loci are
presented in Table I; the remaining six loci are either completely or largely mono-
morphic (HB: AA=150, AE=3; TF: CC=100; CP: BB=102; LDH: normal=[02;
MDH: normal=102; ALB: normal=102). It must be mentioned that although the
phenotypic distributions are presented separately for the various types of vitiligo,
because of the small sample sizes within each type, only the pooled data were used in
the analysis. In order to examine association of the disease with marker loci, we
selected reports of a few studies for which the sample sizes were large, the sampled
individuals were of an ethnic composition similar to the vitiligo probands, and the
places of sampling were Calcutta and neighborhood. (One of us. S.K.D., has been
associated with all these studies, and the blood-typing work for all the these studies
was performed at the Human Genetics Laboratory of the Indian Statistical Institute,
Calcutta.) Since comparable data at the ESD locus are not available, the phenotypic




158 Dasetal

98¢ Lot (80°€D) ¥l (56°91) 91 (€L9) 28 €Ts0) LT ™oy,

@wonDy g€ i) | 5T9) 1 00°0) 0 et pp0

(99°¢) 81 (80°¢D) ¢t 00'0) 0 sz 1 091 8 g3 ¢ oatind

19 91 (+5°9) L [N 00°0) 0 0001 § [GTR N 23a»

o'y (€6°0) | ©000) 0 {00'0) 0 o1 (00’0 0 FaqP

9z0) 1 08¢ o 52’9 | {00'2) 1 (00'0) 0 2D

(9vL7) 901 05°12) €2 aesers 0052 ¥ (oa'sL) 6 @seUs AN

usen 9 '8) 6 (1R VR4 sesn g ©0'9) £ (oLe) t JQD

€519 (00°0) 0 00°0) 0 (00'm 0 000 0 00°0) 0 F30°0

(00°0) 0 (€6'0) { ©0°0) 0 000 0 ©0'2) 1 ©0'0) 0 ppO0

8L°¢y) 691 {61707} € 331401 $TI0 s ©0° ) 22 ) Tl a2

l6s61) e ssve wsne 00'0) 0 §T9 1 ©0'0) 0 (VR3] 24D

unyprTy) 000 0 (£6°0) ) 00°0) 0 000 0 ©0'0) 0 ot B3a2D
HY

€65 obt wost) 2z @u) sz ©T'Lr) 68 ($5°00) 0 maL

{60°8) 8% Gro) e Ss'$) 1 oot 1 08's) v (ool £ av

SL'sY 21T 61°20) L¥ a6on 6 (00'$2) 9 (€€'€6) £2 0000 6 [:4

leos1 (6L°%2) L3t 2612 € (€122 s 0000 § 6ee1) 21 (G v

unyprey (Le'1e) 98t (€L°68) 8§ @)L ©00°79) €1 (p'ey) 0F (254K ] ]
oay
inog — Kuanbaig 0L #s33A1U0 1IRj0SY suedmp a0 ol
wogwndog 1wdtog oua3 u RAID I
<47 By e

iwoned o31ma Juowy




Studies on Vitiligo 259

*sofnusasad oudp sosoyiuared ur samByg,

[

101

(68°01) 11 w8s1) 91 (€5°9m) Ly [GRTINT moL
(L1 122 0TSty st @'18) 6 (00°sL) 2 (96'59) 1 (61°58) €2 -z
lozeil 2@ €TsT 6L W e 81810 T 00'sD) ¥ 9L €1 as'sb v -z
pur 2ol 0908 weo e 00'0) 0 (00'0) 0 (8€'9) € 00'0) 0 1-1
dH
e ost (gool) s1 ©9'81) 8T o 0s) st @sod 1€ oL
wLro e 290 | 000) 0 (000} 0 @t 00°0) 0 [
foce1) wgsy ey ©0'vD) 1T wot st [T (ag'so s -z
10 g (6£°€8) 92T (£€°58) 8T1 (€€°€6) #1 (£0°96) LT azw L) €2 -1
Div
€51 (0£°81) 82 wyer) oL 2600 7€ L
(85'9) L 1 s et 979) ¢ [GRA ] -z
16°LS) 8§ (17'62)$ acse o vz 2 (O iz
(z5'L5) 88 [{TRZIN]] aLo9 i (£9°ZS) OF 0579 0T -1
as3
892 s1'sv sz L8 1€ (90°0P) 5L 00°02) €€ oy,
aga £ 000D S (89'6) € 9T’ ¥ 7'vD) 8 x4
lozetl (S¥'58) 56 00"0) 0 (91°s9) #1 9Lov) 1 (6€°6£) €1 1z
L wT'TS) Ovt (99w LL ©0'0%) 01 oUsy) 1 (S6°€5) 1y 990 T -1
1WDd
571 91 (51 s2 81°21) 82 Ty W (52°00) €€ mog
69°$S) vl 21°09) 86 ©0° ) 11 (LS'€9) st (+£°79) 8% (€120 %2 a8
fozeil 06't%) 68 18°90) 09 (00'95) 1 6z66) N wLee) 9z w6 av
mwsq U6 v wos ©00) 0 oz 6'e) £ 0’0 0 vv

14DV



%0 Das el al

TABLE (1. Comparison of Phenotypic Frequency
Distributions of Vitilizo Patients and the General

Population at Six Genetic Loci
Genetic __ Chisquare
marker Value d.f
ABO 187 3
RH-C .13 2
-D 7.14* 1
-E 0.85 2
ACPL 6.21° 2
POML 1.54 2
AKI 0.27 2
HP 0.36 2

“Significan at the 5% level.

distributions af the remaining six marker loci for the Bengali population are presented
in Table I. To test the equality of phenotypic frequencies among vitiligo patients and
the general Bengali population, contingency chi-square tests were performed for each
polymorphic locus separately. In order to avoid vagaries of small cell frequencies. at
the RH locus, phenotypes based on C, D and E antisera were treated scparatcly.
Results of this analysis are presented in Table 1, which shows that the phenotypic
distributions among vitiligo patients are significantly different from those of the
general Bengali population at two loci—RH and ACP1. Among vitiligo patients. at
the RH locus, there is an elevation of the frequencies of alleles c and d, and al the
ACPI locus of the allele B.

DISCUSSION

In this paper, we have examined the extent of farnilial aggregation of vitiligo,
heritabifity of liability to the disease, and its association with several polymorphic
marker loci. The number of families in which there is an elevation of incidence of the
disease in comparison with that expected under the null hypothesis of no familial
aggregation is found to be statistically significant at the 5% level. Lack of parental
consanguinity and the fact that recurrence risks are much lower than those expecied
under simple dominant or recessive models suggest that a fully penetrant gene alone
cannot explain the familial aggregation of the disease. We, therefore, tentatively
hypothesized that the model underlying the manifestation of the disease is polygenic
liability threshold model [Falconer, 1965). Using this model, we estimated the herita-
bility of liability to the discase o be 46.06% + 4.82%. Despite a significant familial
aggregation, the disease does not seem 1o be under strong genetic control, and the
possibility of common family environment being a cause for familial aggregation
cannot be ruled out. There is, however, the possibility that in addition to or instcad
of the polygenic liability threshold model, an i letely penetrant gene may be
involved in the familial transmission. This needs to be investigated more thoroughly
using a considerably more informative data set and of complex segregali
analysis, especially because I domi| | recessive, and polygenic
models have all been invoked as possible modes of inheritance |El-Mofty, 1968:
Mehta et al, 1973]. Unfortunately, as is true for most rare diseases that are not

had
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determined by a single gene, the number of affected individuals in each of the
pedigrees is very small (in about 8% of the pedigrees the proband is the only affected
individual). Therefore, it will require an extraordinary effort to collect data on large
numbers of multiplex families needed for complex segregation analysis.

In order to get more clues regarding the genetics of the discase, we studied its
association with several genetic marker loci and found significant association with
ACP! and RH loci. It is known [American Journal of Human Genetics, 1983] that the
RH and ACP! loci are on chromosomes | and 2, respectively. Earlier studies have

associations with MN blood group locus on chromosome 4 [Wasfi et al,
1980] G-6-PD locus on the X chromosome [Saha et al, 1982]. and some HLA

on ch 6 [Metzker et al, 1980]. Although such association studies
eanm( provide as strong evidences as linkage studies provide, ncvertheless, the
reported associations of the disease with genetic loci on several chromosomes. if true,
would indicate that the disease may be polygenic. It may also be pointed out that it is
possible that vitiligo is not a single homog disease, b in certain localized
types there seems to be a neural involvement, while in some generalized types there
seems to be an immunological involvement {Sawada and Ohashi, 1982). Although
our sample sizes do not yet permit us to rigorously analyze the data by various types
of vitiligo, a cursory examnination of the marker frequencies among the various vitiligo
types presented in Table I indicate differences at some marker loci, perhaps support-
ing the hypothesis of genetic heterogeneity. We are now collecting further data,
especially for purposes of linkage analysis, which we envisage will throw more light
on the role of genes in the causation of vitiligo.
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