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ABSTRACT: Although several studies have demonstrated familial aggregation of nonsyndromic cleft lip with or without
cleft palate (CL/P), its model of inheritance remains uncertain. We report the results of complex segregation analysis
performed in South American families with a newborn affected with CL/P. Families of 1,792 consecutive newborns af-
fected with CL/P and registered during the period 1967 to 1997 were studied. A model that did not include a major lo-
cus was the best-fitting model for CL/P families. This result is in agreement with previous studies which showed a sig-
nificant association of several putative susceptibility loci and CL/P, indicating that the genes involved in CL/P are
likely to have only a very modest impact on disease risk.

DESCRIPTORS: Cleft palate; Craniofacial abnormalities; Abnormalities; Polygenic inheritance.

RESUMO: Os estudos sobre fendas labio-palatinas (FL/P) demonstram existir uma maior incidéncia do defeito nas fa-
milias de afetados, mas seu modo de heranca permanece indefinido. Esse trabalho apresenta os resultados de uma
andlise de segregagdo complexa realizada em 1.792 familias sul-americanas que possuiam um recém-nascido com
FL/P. Essas criancas foram registradas entre 1967 e 1997 e os nascimentos foram consecutivos. Um modelo sem um
locus principal foi o que melhor se adequou as familias de FL/P estudadas. Esse resultado esta de acordo com estudos
anteriores que mostraram uma significativa associagédo entre varios loci de suscetibilidade e FL/P, indicando que os

genes relacionados com FL/P, isoladamente, contribuem pouco para o risco desse defeito.
DESCRITORES: Fissura palatina; Anormalidades craniofaciais; Anormalidades; Heranca poligénica.

INTRODUCTION

It was generally accepted that cleft lip with or
without cleft palate (CL/P) was inherited as a mul-
tifactorial trait®. However, this view has been chal-
lenged”” based on complex segregation analysis,
which implicitly evaluated single major locus ver-
sus multifactorial threshold models of inheritance.
It has been suggested that the familial aggregation
pattern for CL/P is more consistent with a model
in which liability is determined by a single major
locus (which may or may not act against a back-
ground of multifactorial threshold inheritance)
than it is with simple multifactorial threshold
inheritance®. However, as a whole, the results of
such analyses are far from conclusive* .

The frequency of CL/P in South America is 1.1
per 1,000 births™ but there is indication that
South American populations living at very high al-
titudes, including three capital cities located at
more than 2,000 meters above sea level (Bogota,
Colombia; La Paz, Bolivia; and Quito, Ecuador), al-
together comprising more than 8 million inhabi-
tants, have higher risk for craniofacial defects, in-
cluding CL/P™. Some investigations about
inheritance of CL/P have been done in South Ame-
rican populations and they also indicate that there
is no consensus as to whether a single gene model
or a multifactorial model is better for CL/P. A mul-
tifactorial model for CL/P cases from ECLAMC (La-
tin American Collaborative Study of Congenital
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Malformations) was suggested based on calculati-
ons of the frequency of the malformation in sibs
and its frequency in the general population, as well
as separately for those of male and female pro-
bands'. Studies done in Chile pointed to the pre-
sence of a major gene effect with reduced pene-
trance*®. A Brazilian study suggested a two major
loci model for CL/P*. ECLAMC has built an infras-
tructure to collect, handle and analyze biological
samples from cleft families®. A better understan-
ding of the mode of inheritance of CL/P and the
confirmation of a major gene model in this popula-
tion would lead us to molecular studies using a
candidate gene approach.

To take advantage of a large sample from
ECLAMC, in the present analysis we evaluate the
pattern of inheritance of CL/P in a South American
population.

MATERIALS AND METHODS

Data on CL/P were provided by ECLAMC.
ECLAMC, a multinational birth defects registry in
South America, has operated since 1967 and utili-
zes 70 hospitals and volunteer physicians to col-
lect data on approximately 150,000 births per year
(4 million since 1967)°.

Briefly, all liveborns and stillborns having a
birth defect are recorded. CL/P is uniformly classi-
fied according to a manual containing an accurate
description of the malformation. The manual also
permits further categorization of CL/P into various
subtypes and contains the information necessary
to complete the registration form for the ECLAMC
study. Information regarding the infant, preg-
nancy, parents, and family history is available
from the registration form completed at birth by a
member of the medical staff (usually a pediatrici-
an). In particular, the presence of CL/P in the first
(sibs and parents), second (aunts, uncles, half-si-
blings, and grandparents), and third (cousins and
great-grandparents) degree relatives is recorded. A
careful physical examination of the probands is
performed by the physician; at a minimum, skele-
tal X-rays, chromosomal analysis and photo-
graphy are carried out in cases of non-isolated
CL/P. Physicians are requested to specify any ot-
her anomaly present in the child affected with
CL/P; minor and major congenital malformations
are described. The completed forms are then
transmitted to the registry and coded and reviewed
by a clinical geneticist. Furthermore, multiple
sources of ascertainment were used to confirm re-
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gistrations, to add further information in order to
define malformations, and to identify cases not re-
gistered at birth.

4,037 cases were identified having CL/P along
with other malformations or not. Subjects in this
study consist of all newborns presenting with iso-
lated CL/P ascertained in the ECLAMC during the
period 1967 to 1997 for a total of 1,792 CL/P
(1,059 males and 733 females) cases.

Segregation analysis using the logistic regressi-
ve model was applied to characterize the genetic
component and the mode of inheritance of CL/P.
The class A model” was fitted using the REGD pro-
gram from the Statistical Analysis for Genetic Epi-
demiology package (SAGE) (Case Western Reserve
University, Cleveland, OH, USA)®*. The parameters
of the model were estimated by the method of ma-
ximum likelihood, which included type frequenci-
es, baseline parameters (BAA, BAB, BB), trans-
mission probabilities (tAA, TAB, tBB), and residual
familial effects including effects of parents and si-
blings. Sex was the covariate adjusted for in the
model. Pedigrees were included in the study beca-
use the index case was affected with isolated cleft
palate. The conditioned subset was designed to be
the parents of the index case.

A major gene effect was assumed to result from
segregation at a single locus having two alleles, A
and B, where allele A was associated with the af-
fected state. We assumed random mating and
Hardy-Weinberg equilibrium. The transmission
parameter 1, is defined as the probability that a pa-
rent of type g transmits allele A to its offspring. The
transmission parameter is generally allowed to
range from 0 to 1. Under Mendelian transmission,
T(AA) = 1, T1(AB) = 0.5, ©(BB) = 0. The non transmit-
ted model was fitted by setting the three transmis-
sion probabilities equal to the frequency of
A [t(AA)=T(AB)=1(BB)]**.

A likelihood-ratio test (LRT) was used to select
the most parsimonious model. The LRT statistic is
calculated as minus twice the difference of the log.
likelihood (InL) between the general and the res-
tricted model and is distributed asymptotically as
a chi-square with degrees of freedom equal to the
difference in the number of parameters between
two competing models. The LTR is based on a com-
parison of strictly hierarchical models (general
transmission, non transmitted factor, single Men-
delian gene and no major factor). In addition, the
Akaike information criterion (AIC) was calculated
for each model. The LRT is based on a comparison
of strictly hierarchical models, but for those nonhi-
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erarchical models the best fitting model was consi-
dered to be the one with lowest value of the AIC.
The AIC for any model is equal to —2(log likelihood)
+2(number of estimated parameters). The model
with the smallest AIC is the most parsimonious of
the best-fitting models for the data.

RESULTS

A total of 1,792 CL/P families were studied. Ta-
ble 1 presents the distribution of CL/P cases in
South America. Table 2 shows the distribution of
subjects with CL/P by family size. Table 3 presents
the results of the segregation analysis for CL/P. In
the general model, we estimated 12 parameters for
CL/P and their standard deviations. The estimates
of gene frequency, baseline parameters, and resi-

TABLE 1 - Distribution of cleft lip with or without cleft
palate (CL/P) individuals across South American coun-
tries.

Number of hospitals
(country regions covered)

54 (all country)

Country |CL/P probands (%)

Argentina| 742 (41.4)

Bolivia 141 (7.9 3 (highlands and vale)
Brazil 251 (14.0) 19 (southeast and northeast)
Chile 216 (12.1) 8 (al country)

Colombia 25 (14
Ecuador 111 (6.2
Peru 18 (1.0
Uruguay 67 (3.7

2 (Bogota city and Andes)

2 (mountains and coast)

2 (Limacity)

7 (al country)

5 (Caracas city, coast,
Guyanna, and northwest)

Total 1,792 (100.0) -

Venezuela)] 221 (12.3)

TABLE 2 - Distribution of CL/P individuals across pedi-
grees.

No. No. of Pedigree size
affected/pedigree pedigrees (%) range
1 1,504 (83.93) 3-22
2 229 (12.78) 4-26
3 51 (2.85) 7-28
4 7 (0.39) 9-17
5 1 (0.05) 18
Tota 1,792 (100.0) 3-28

dual familial effects were all arbitrary. All other
models were tested against this general model.

For CL/P, 1,792 pedigrees were included in the
analysis. The non transmitted factor model was
strongly rejected (x> = 113.34, p < 0.001), sugges-
ting significant familial aggregation. The no major
locus model provides a significantly better expla-
nation of the data. It is the most parsimonious and
has the smallest AIC value of the six models tested
with approximately the same likelihood as the ge-
neral model (= 2.35, p = 0.5).

DISCUSSION

The mode of inheritance of CL/P has been in-
vestigated, and most studies demonstrated famili-
al aggregation of nonsyndromic CL/P?***. However,
there is no consensus as to which model best des-
cribes the mode of inheritance of CL/P. Potential
models include a major susceptibility locus, a ma-
jor autosomal dominant or recessive locus or a
multigenic inheritance.

The validity of conclusions drawn from familial
recurrence-pattern analysis is basically dependent
on ascertainment™. Most of the studies collected
data retrospectively from surgical records, inclu-
ding affected subjects from different geographical
areas and born over a long time span. In fact, if as-
certainment is incomplete, as it is in data from
surgical records where usually only the more seve-
re cases are registered, the analysis could be dis-
torted. Also, studies based on a limited number of
families could be biased because of the inclusion of
a high proportion of multiplex families.

Our sample is based on a large number of con-
secutive births, with quality control to detect asso-
ciated anomalies and malformation syndromes.
Also a very accurate description and diagnostic de-
finition of the malformation (nonsyndromic and
not associated with other anomalies) is obtained
for ECLAMC. However to be able to study a very
large data set, a large time span was required.
ECLAMC collects data from most of the South
America countries (Table 1), and geographic diffe-
rences between these countries might exist. This
could decrease the probability of detecting an envi-
ronmental effect, if it exists.

The present study is comparable to the study of
inheritance of CL/P in Italy*>. The ECLAMC and
North East Italy (NEI) and the Region Emilia Ro-
magna (IMER) registries work using the same ap-
proach. The ECLAMC sample size for CL/P is three
times bigger than the sample size in the Italian
studies but data were collected during a period
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TABLE 3 - Parameter estimates and model-fitting from segregation analysis of CL/P families.

Parameters Modds GT NTF NML g?alnvlelr_al do?n\i/lnl:a\nt a(ijl\i/ltk/e ref ve
q 0.85 [1 [1] 0.85 0.37 0.67 0.77
T(AA) 0.77 - - [1] [1] [1] [1]
7(AB) 0.22 - - [0.5] [0.5] [0.5] [0.5]
7(BB) 0.01 - - [0] [0] [0] [0]
B(AA) -0.35 -15 -05 05 -15 -1.5 -15
B(AB) -15 - - -15 -15 -1.25 -1.0
B(BB) 3.0 - - -1.0 -1.0 -1.0 -1.0
-2InL 142.00 25534 144.35 154.75 254.25 246.91 238.40
LTR - 113.34 2.35 12.75 112.25 104.91 96.40
p value - <0.001 05 <0.001 <0.001 <0.001 <0.001
No. parameters 8 6 6 7 7 7 7
AlIC 166.00 27534 164.35 180.75 278.25 270.91 262.40

GT, general transmission; NTF, non transmitted factor; NML, no major locus; SML, single major locus; g, gene
frequency; [ ], parameters fixed by hypothesis in brackets; 1(AA), T(AB), 1(BB), transmission probabilities; f(AA), B(AB),
B(BB), baseline parameters for types AA, AB, BB; InL, log likelihood; LTR, likelihood-ratio test; AIC, Akaike's

information criterion.

three times longer and they are not as geographi-
cally concentrated as the Italian data are. Results
for inheritance of CL/P in Italy suggest a two-locus
model with a major dominant locus and at least
one modifier locus as the best model.

A no major locus model for CL/P in a South
American population is in concordance with previ-
ous studies done in the continent that reported
evidence for a multifactorial model for CL/P*. Be-
cause South American urban populations are not
as racially stratified as, for instance, in the United
States of America, individuals cannot easily be
classified into discrete racial entities'. However,
South American urban populations were shown to
be largely Amerindian with different degrees of ad-
mixture, mainly African Blacks and Latin-Europe-
an Caucasians®™. Race is the only demographic va-
riable that has been consistently associated with
the prevalence of CL/P. Compared with Caucasi-
ans, the prevalence is higher in Asians (particu-
larly Japanese) and lower in individuals of African
descent®. We believe genetic molecular studies
may help to identify a discrete group under higher
risk for CL/P.

A no major locus model is also in agreement
with previous studies which showed a significant
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association between alleles of TGFA, MSX1, and
TGFB3 and isolated CL/P in humans, either in
some Caucasian®>*™* and in South American po-
pulations®®**,

CONCLUSIONS

South American populations represent a very
interesting group for admixture mapping of oral
clefts in humans, based on the disease frequency
variation across ethnic groups, and a better un-
derstanding of the disease in the continent is very
important for future studies. This report is the lar-
gest study to date of inheritance of CL/P in a South
American population. Our results support that
CL/P has a complex genetic etiology, with an unk-
nown number of loci that may vary markedly
across populations, ethnic groups, and/or clefting
phenotypes.
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