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Genetics, Gene Carriers, and Environment

Marie Tolarova, M.D., PhD., D.5c.

mong different parts of the factors cause a wide spectrum of anom- sidered, not onty Benetic principles, but
Ahuman body, the orofacial region  alies, either single malformations or  also the impact of environmenta) factors,
is one of the most often affected syndromes or multiple malformations mechanisms of development, and ptin-

by birth defects. One Teason for this fact  that are not recognizable syndromes. itis  dples of etiology can be recognized.
could be that it consists of many struc-  characteristic of clefts that the structural We have to consider a balance of intrin-
tures developing from all three em- or numerical aberrations of any human  sic (genetic) and extrinsic {environmen-
bryonic germ layers. If we look to the  autosome can yieid a cleft lip and/orpal- tal} factors. They exert their influences
Wilson scheme' of human prenatal  ateanomaly among other phenotypicab-  from very early stages—starting in
development (Figure 13, on which critical normalities. deveioping germ cells, and continuing
periods of embryonic and feta] develop- Considering the development of birth through fertilization, embryonic, fetal,
ment can be seen, we readily notice that  defects as deviations from a point of so- perinatal, and postnatal periods. During
environmental factors acting as potential  cajjed “normality” in human popula- this rather tong time, the intrinsic and
teratogens in the embryonic period fre-  tions, it has become quite obvious that it extrinsic factors are perpetually in inter-
quently could disturb structures of the isinsufficient toanalvze only geneticand  action. The balance between them is
orofacial region, environmental factors acting separately. dynamic-—at one time genetic, and at
On the other hand, intrinsic (genetic) 11, in addition, their interactions are con-  cther times environmental factors may

Figure 1. Critical Periods in Human Prenatal Development Aecording to Wilson (1973},
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Figure 2. "roportions of Genetic and Non

of Human Malformations
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prevail. A large capacny for genetic and
cellular repair mechanisms enables cor-
recting of many “mistakes” in develop-
ment. In the end, a baby is born, vither
normal. by our rutes, or abnormal.

From experimental studies, as well as
from studies on human fetuses, it is
presumed that many times during prena-

© tat life 2 human embrve undergoes such

adisturbance of development, but thanks
toa genenc repair or regaining of balance
between geneticand exogenous (environ-
mental} influences, the baby is born
without any abnormalities. (Many ir-
reparably damaged embryos are abort-
ed.} Also, an opposite situation is
possible: more or less geneticaily normal
development mav be influenced by ex-
ogenous factors. the threshold of
reparatory capacity is overcome, and the
newborn is abnormal.

Such mechanisms seem to work in a
majority of common anomalies and also
in genetically determined diseases, such
a5 cardiovascular diseases, duodenal ui-
cers, diabetes, or allergies, Close interac-
tions of genetic factors, represented by a
polygenic background, and of environ-
mental factors are characteristic. In com-
mon anomalies such as cleft lip and/or
paiate, pyloric stenosis, and congenital
heart defects, environmental factors ob-
viously act only in early stages of em-
brvonic development during criticat
periods for respective organs. In genati-
caily determined diseases. exogenous fac-
tors act most often during the postnatal
pericd of life.

As has been said, this concept is valid
probably for the major part of the human
population {Figure 2). If we add together
common birth defects, their micromani-
festations. and geneticaliv determined
diseases of adult life and their miid forms,
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Figure 4. Model of the Muitifactorial Etiology Consisting of Genetic Determinationand
Cenetically Determined Susceptibility to Environmental Factors in Mother and Fetus
(In this situation, both mother. and fetus are sensitive (o the potential teratogens.)

XKk only quite a smail aumber of individuals
remain.

Even the extreme situations are never
“pure.” On one side, only genetically
determined conditions such as mono-
genic anomalies (e.g., most types of syn-
dactyly) or chromosomal aberrations
(e.g., trisomy 21} are modified in their
phenotypic expression by either environ-
mental factors or polygenic background
{or other intergenic interactions). This ex-
treme situation couid be documented by
the pedigree of autosomal dominant

. Treacher Collins syndrome (Figure 3), in
which clinicatly unaffected individuals
had offspring with typical manifestation
of this syndrome. [ would think that in
thesesituations, which wecall incomplete
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Figure 3. Model of the Multifactorial Edolegy Consisting of Genetic Determination and
Cenencally Determined Susceptibility to Environmeneal Factors in Mother and Ferus
thn this <ituation. mother is sensitive and fetus is resistant to the potential teratovens.
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penetrance and incomplete or varied ex-
pression in genetic terminology, we
should take into account cither environ-
mental or genetic background influences
acting in the periconceptional and early

The opposite situation occurs in the
typically environmental syndromes, like
congenital rubella embryopathy and
fetopathy. Here, the genetic background
determines susceptibility to the noxious
agent—the extent to which the embryo or
fetus will be damaged, If at 2ll. We know
that not all mothers infected with rubelia
even, during the most itical period of
their pregnancy, give birth to an affected
baby. Also included in this classification
are the so-called ~predispositions” ta dif-
ferent diseases, in which a pathogenic
agent is well known, but whose clinical
course and healing is modified by a

us

genetic background.

Tosum up, itis clear that tounderstand
the principles of etiology of any malfor-
"mation or disease, we should search for
both intrinsic and extrinsic mechanisms,

* a3 well as for factors that could modify
their balance. Some of these mechanisms

could be demonstrated through differen-
‘ces of genetically determined suscep-
tibility, either resistance or sensitivity, to
environmental factors (potential tera-
togens) in mother and embryo {or fetus).

" If genetically determined sensitivity ex-
“Ists in both mother and fetus, the ex-
ogenous factor can influence develop-
ment (Figures 4-6). It seems obvious that

- understanding interactions between in-
‘trinsic and extrinsic factors is a necessary
base for assessing risk factors. If the risk
factors are known, then the most ap-
propriate strategy and tactics of preven-

Metabolism

tion can be chosen.

For this largest subgroup of anomalies,
in which both genetic and environmental
factors pardcipate in etiology, the orora-
cial clefts are still one of the best models
tor study. These malformations are
heterogeneous in etivlogy. Thev could be
caused by a wide scale of interactions be
twveen genetic and environmental factors
(as is shown in Figure 2), A diagram rep-
resenting three main etiological grou psurl
cletts is shown in Figure 7. On the feft side
is situated 2 subgroup of clefts in which 4
genetic determination prevails. They are

- represented mainly by monogenic

syndromes (in which cleft lip, cleft lipand
palate, or cleit palate the more or less
constant fearures), or by chromosomal
syndromes, The right subgroup is repre-
sented by cases in which disturbance of
normal genetically predetermined
development of the embryo is caused by
teratogens or other environmental factors
(teratogens). This subgroupincludes both
single cleft malformations (mainiy cleft
lip} and multiple malformations, includ-
ing dlefts. In the majority of cases, the
etiology is multifactorial—i.e., both
genetic and nongenetic (exogencus) fac-
tors participate (the middle part of the
illustration). A mechanism of develop-
ment of the cleit malformation (Figure 8)
could be derived from basic princples
shown in Figures 4-6.

Before I describe in detail the resuits of
our analysis of cleft lip and palate
families, which support 2 muitifactorial
threshold model of inheritance at least for
the majority of cases, and on which a
method of primary prevention of orofa-
cial clefts has been based, let me cite
several authors whose work in genetics of
cleft lip and palate represents important
steps to a better understanding of the
etiology of these anomalies,

- further progress will probably

-- - depend less on the elaboration of better

- mathematical approaches thanon iden-
Hfying the biological attributes of the
predisposing factors.” N .

~ Thus, the eticlogy of deft lip
* and/or cleft palate remains unclear at
present. To be sure, our anaivses do not
rule out all possible muitifscrorial
models: perhaps othermodelsandother
more discriminatory analytic methg.do
ologies would be more illuminating.” -

" ...1da not think the MF/T (=multi-
factorial/threshold) mode! should be

. fursaken justyet. To expect human data

to fit precisely the expectation of .
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Figure 7. Three Major Groups of Factors in Etiology of Orofacial Clefts
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Figure 8. Possible Combinations and Results of Interactions Between Genetic Deter-

mination and Susceptibitity 1o Environmental Factors in Etiology of Orotacial Cleits
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Table 1. Sample of 8,952 Probands with Orofacial Cleits Born between 1886-1986 in

Bohemia by Type of Cletft and Period of Birth

Cleftin
Multiple* Cleft
Malior- in
Year Male Female Total mations Svndromes Total
CL  1886-1963 748 58 1 - b 1zZn
1964-1986 589 i 960 17 5 982
Total 1337 8¢ 221 17 5 2253
T 18861963 1258 585 1844 e - 1844
1964-1986 1095 352 1647 126 ) 1795
Total 2353 1138 3491 126 2 3639
CP  18B6-1963 632 843 s - - 1475
1964-1986 547 738 1305 90 190 1585
Total Uz 101 2780 90 190 3060
Total 4869 3633 g5m2 2313 217 8952

*Multiple malformanons but no recognized svndromes.
“Notregistered.

potvgenic {in the strict senser yn-
henance s unreaitsuc, since polveenes
are a simplitving assumprion made 10
reduce the complexny of real life 1o
stausucally manageable terms. To vy
pectatit lunn:iML{:mn;:lumunrlocusl
madel is alzo uarcalisuc in view at the
complexity of development and the
vanety of wavs ciefts can anse... Jdu-
terent susceptible famudies will have dif-
ferent susceptibie tactors... If such fac.
tars are eventuailvadentitied, the ME/T
model wili begin to merge inta the SMI.
model, but by thyt time SML will mean
several major factors, plus or minus, In
the meantime. we should continue vur
efforts, at the morphological kevel. to
ennch vur biological understanding ot
distributions and thresholds.”

«- It should be mentioned now that
even though these analyses have not
supported the MF/T model. it is prob-
able thatthe etiology of cleftlip withand
without cleft palate and isolated clent
palate is actuaily mubtifactormal—mure
clearty stated. that more than une tactor
13 responsible for cletting. espeaally in
isolated <ases. bor which there is some
evidence ot environmental causation,”

--- The most economical hypothess
to expliin the findings is the muitifac-
torial threshold model. The birth fre-
quency of the malformation and the
family patterns tound make it im-
probabic that one singie mutant gene
makes 2 major contnibution to the
liability 10 develop the condition.”

Analysis of Clefts

Since 1965, we have coilected 3952
pedigrees of probands atfected with
orofacial clefts. The sample consists of
8,502 nonsyndromic cases, from which
2231 are probands with cleft lip (CL)
only, 3,491 are probands with cleft lipand
palate(CLT). and 2.780 are probands with
isolated cleft palate (CT) (Table 1), Dates
of birth of our probands extend over ane
century: our oldest proband was born in
1886 and our youngest one in 1986,

One aspect of the study closely related
to the quality of the data should be em-
phasized. Since 1965, all probands have
been seen by me and my coworkersin our
Clinical Cenetics Laboratory. I can now
see the second generation, children of our
Datients from the {960s, or even the third
generation, grandchildren of our oldest
patients, We were aiso able to see per-
sonally the majority of the first-degree
relatives of our probands. We jooked
carefully for mmor manifestations, ie.,




Table 2. The Incidence of Nonsyndromic Orofacial Clefts in Czech Population Born

during 1964-86 {The total ¥ of live births was 2.153.221.)

Cleft Type Total Incidence per 1.000 Propartion
CL 60 0.4458+0.0572 12243
e 1647 0.7607+3.0878 1:1307
CL=CLP 2607 1210401094 1:826
cr 1305 0.6038+0.0787 1:1650

Figure 9. Incidence of Orofacial Clefts from 1964 to 19856 in Bohernia (Czechoslovakia)
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Figure 10. Redprocity in the Incidence of Cleft Lip and in the Incidence of Stillbirth

during the 23-vear Period (1964-1986)
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microforms. We examined all our pro-
bands and looked for associated maifor-
mations, and abnormalities of sVn-
dromes. This fact is crucial for both qual-
ity and compileteness of the data, as well
as forvalidity of our resuits. Manv genetic
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and epidemiologic analvses of cleft data
have been reported ™ *f Unfortunately. a
weak point of some of them is incomplete
basic data.

Oursample was evaluated with respect
to incidence. sex ratio, severity and

laterality of cleft, birth order, age of
parents, seasonal incidence, associated
malformations, twin analysis, proband's
birth weight and length, proportion of
familial and solitary cases, herirabih'ty,
empiric nisk figures, generc Counseling,
syndromes and multiple malformations
associated with the clefrs, arypical clefts,
type of inheritance, and effectiveness of
primary prevention. There is not enough
Space 10 comment on all of the results
obtained by analysis of our sample. Some
of them were presented previously, ™3
An analysis of others is still in progress
and will be published soon; however, let
me point out two of the most important
resuits, which could influence further re-
search in this field: (1) a hypothesis for a
four-threshold modei of liability to orofa-
cial clefts, and (2) a hypothesis for and
results from primary prevention of the
cleft lip and palate. For both hypotheses,
the erucial results were obtained from an
analysis of incidence, sex ratio, severity of
the clefts, and from a genealogical study.

Incidence. One of the most important
basic characteristics for any kind of
genetic and epidemiologic analysis is a
precise population incidence. The in-
cidence of orofacial clefts has been calcu-
lated from the most valuable part of our
sample, which is represented by 4,362
probands born between 1964 and 1986 in
Bohemia (Tabie 1). Weregistered and saw
all children born with an orofacial cleft
from 1964 until 1983, as well as the
majority since 1983. Thus, we have aimost
a complete register.

Before calculation of the incidence, all
syndromes and multiple malformations
wereexcluded. Then, theincidence (.4458
per 1,000 (1:2.243) for CL, 0.7607 (1:1,307)
for CLP, and 0.6038 (1:1.650) for CP was
found. For cleft lip with or without cleft
palate (CL2P or CL+CLP) the incidénce
was 1.2104 (1:826) (Table 2.

Let me stress that for a precise estimate
of incidence in a population, it is naces-
sary to cotlect data from the same region
for several vears because the incidence
could vary, probably duetodifferences in
environmental factors. in our 23-vear
study, significant differences in some
single year values of incidence have been
found when these values were compared
to the average value of the whole period
(Figure 9), .

Interesting results have been obtained
when the relationship between stillbirth
and incidence of each type of cleft has
been evaluated. The results suggested
that, in certain time periods, reciprocal

Tolarova




Figure 11, Sex Rati

o Values in Orofacial Clefts during the 23-vear Penod (1964-1989)
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high 1975 incidences of al tvpes of clefts,
but especially of CL. may be explained.
It has been found in our studv thay €L
is the most variable type of cleft with
respect 1o its incidence. This is in agree-
ment_with findings in other popula-
tions.” ' Therefore. in our opinion, CL

- seems to be the cleft tvpe most sensitiveto

environmencal factors.

The incidences of CL, CLP. and CT
were compared and some interesting fea-
tures were revealed. Districts with sig-
nificantly (more than two standard
deviations} higher incidence of CPdid not
have significantiv different values of the
incidence of CL or CLP. However, dis-
tricts with a significantly lower incidence
of CP had significantly higher incidence
of CL This can be explained by a finding
of Leck™ whoobserved an increasing CL
incidence and a decreasing incidence of
spontaneous abortions following an in-
fluenza epidemic. it could also be con-
sidered that a more or less permanent
environmental factor. probably geotactor,
exists in this region. It may act as tera-

LM .
LI T O O O R T T T SR R T T B B B B B
Table 3. Sex Ratios tor Orofacial Clefts
CL CLP cr
1886-1986 1.50 207 074
1964-1986 1.59 1.98 0.72
Isolated cases 1.68 207 0.74
Cleft (C) + 1 assodated anomaly 093 153 067
Cisolatedand C+ 1 associated anomaly 1.61 201 073
C +2 or moreassociated anomalies 0.88 153 1.00
Cinsyndromes 1.00 0.54 081
Cs+lor more associated anomalies 1.91 153 076
Cright 1.71 225
Cleft 1.1 1.9}
C bilateral 1.00 214

relations between the incidence of CL and
sullbirth frequency might exist—ice., a
decreasing CL incidence occurred
together with increasing stllbirth fre-
quency. It wasassumed thatenvironmen-
talfactors inacertain combination ordose
mightcauseone typeofa birthdefect(e.g.,
deit liptand in a different combinationer
ina lower or higher dose, another tvpe of
abnormatity, which led to the death of a
fetus before birth (Figure 10).

A higher incidence of CL and a lower
incidence of CLP occurring in some
periods (see, for example the period 1966
1970 in Figure 9) could be expiained also
by differences in combinations of en-
vironmental factors involved. The same
explanations were also suggested in the

Tolarova

previous literature.”~*When a hypothe-
sis of independent fluctuations near a
mean value was tested, no relation be-
tween incidence of the individual cleit
types was proved.

However, if environmental factors are
considered as a cause of differences be-
tween yearly incidences, it has to be
pointed out that even such a small geo-
graphic region as Bohemia certainly in-
cludes smatler regions (districts} in which
different sets of environmental factors
may cause a variety of incidence values.
Either an extreme local change in the in-
cidence could influence the value for the
whole region, or the environmental factor
may be effective in the whole region (e.g.,
viralepidemc). Inthis way, the extremely

iogen causing CL and CP. It may either
increase resistance of CL embryos to
spontaneous abortions, or decrease resis-
tance to spontaneous abortions in CP
embryos. These findings formed a base
for further detailed analysis of these
regions in respect to the incidence of clefts
and also in respect to the incidence of
other birth defects, and the incidence of
spontanecus abortions.

The phenotvpes of individuals with
orofacial clefts were analyzed in respect
to sex ratio, laterality, and severity of the
CL and CLT. associated malformations.
birth weight and length. occurrence of
microtorms. and season of birth.

Sex Ratio. The sex ratio is one of the
main characteristics of a cleft population.
It is well known that significant differen-
ces in the incidence of males and females
are found hoth for CLiP and CP. Al-
though a predominance of males over
females is found in CL and CLP, the op-
posite situation, i.e.. a significantly higher
incidence of females compared to males,
is found in CP. In our study, the following
incidence rates were found: 0.5337/1,000
in males and 03534 in females with CL.
0.9923 in males and 0.5259 in females with
CLP, 0.4957 in males and 0.7221 in
fermales with CP. ‘

The sex ratios 1.59 for CL. 1.98 for CLD,
and 0.72 for CP were found for non-
syndromic cases ir a subsample of cases
born between 1964 and 1986. For the
whole sample (1886-1986), sex ratios did

1




Figure 12 Comparison of Mean Roentgencephalograms in Fathers of Children with  not differ from those {found in the com-
Isolated Cleft Palate and a Control Group ot Males (Fathers—solid }ine) plete repister: 1.50 (2,231 individuais for

l CL), 2.07 (3,491 individuals) for CLP and
21

0.74 (2,780 individuals) for CP.

Comparisons of yearly sex ratia values
during the whole 23-year period con-
firmed that sex-ratio was a very sensitive
parameter (Figure 1) that could be in-
fluenced by a variety of factors. It was
cleariy shown by results of our analvsis
that only a sample that is farge enoﬁgh
(e.g..coming fromalarge geographicarea
over a long time period) could provide a
precise overall value of the sex ratia, On
‘the other hand, it should be pointed out
that these average values conceal all vear-
ly variations of the sex ratio values, which
probably correspond to an aitered
spectrum of environmental factors.

The largest variations in sex ratio
values were found again for CL, from a
low of .73 in 1965 to a high 0f2.91 in 1976,
The values of sex ratio also varied for CP,
but the differences were not so extreme.
In 1955, 1973, and 1975, the values of sox
ratio corresponded to the average. The
mast stable vaiues were found for CLP.
Significant differences existed between
isolated cases and those that were as-
sociated with two or more other malfor-
mations. especially for CL and CP
(counted in the 1964-1986 subsampie of
the complete register; see Table 3),

Laterality. The higher prevaience of
left-sided clefting is the usual finding for
CL as well as for CLP. The left side is
affected twice as often as the right one.
The same was observed in experimental
animals. It was suggested as a possible
explanation that major blood vessels sup-
plying the right side of the head of the
fetus leave the aortic arch closer to the
heart and moare in line with blood flow
than those going to the left side.’*

Figure 13. Comparison of Mean Rocntgencephalograms in Mothers of Children with
isolated Cleft Palate and a Controt Croup of Females (Mathers—solid line)

7’L a

Table 4. Twins with Orofacial Clefts—
Czechoslovakia (Bohemia Region): Year
of Birth, 1918-82. Incidence of Twins in
Subjects with Cleft is 1 in 67.7 {In the
generai population, itis 1 in 80ta1in90)

Type # of Pairs %

Discordant for &t 36
deft .

Concordant far 13 - 207
cleft

Syndromic clefts 2 23

Atypical clefts 3 34

Tota} 87 100.0

Tolarova




Tabie 5. Twins with Orofacial Clefts: Sex and Tvpe ot Cleit

Table 6. Twins with Orofacial Clegts:

Zvpasity
Sex of Twins Tvpe ot Clett -
Zygosity Number '
w/left  w/oCleit CL cLre cr Atvpical Tutal .
MZ 6 1y
Male Male 6 10 7 - 23 Dz 40 7.6
Female Female 1 t 7 3 20 Unknown 23 54
Male Female 4 4 2 - 10 Tatat & 1006}
Female  Male 3 ) 3 - £2
Tutal 17 24 ) 19 3 63
Our analysts of laterality has been con- I Table 7. Twins with Oratacial Cluits: Sex and Severity of Clofting
ducted tmm se‘evcrnl pt':ints ot viuv.v. Sex of Twvins
Prevalence of left unilateral cases in ratio
man ATy T T e e
with the severity of the cleft, nor with the  TVPe ot Cleit Male Female Femaiy Toat
sex of the proband. The sex ratio
(male/fcmakrj, in individuat subgroups CLand CL - I - :
divided according to laterality (Tabte 3)  CLand CLI’ 3 - ! 3
was highest for CLP-fight side 2.26), CLPuniand CLPuni 1 4 - 3
tower tor bilateral CLP (214), CLP-lett  CLPum and CLIbi 4 —_ _ 4
side 11913, and CL-left or CL-right (1.71). CLIbi and CLIbi H 1 2 -4
in a mther small group of bilatera! CL Total 9 6 i) 18

subjects (although it was the largest one
in the literature), the sex ratio was 100
{same number of males and females).

The ratwo of unilateral to bilateral cases
was aimost the same in bath the whole
sample ol 8952 cases (born between |8K6-
1956) and the subsample of the compicte
register trom Bohemua (4,362 cases born
betwveen 1964-1946). The ratio for CL was
111 and the ratio for CLT was 2.5. {n the
literature. this ratio of unilateral to
bilateral cases varies and is probably alsa
intluenced by race—e.y., in blacks the
bilateral formis described mare trequent-
ly than in white populations. "

Severity, It is important to know for
further anaivsisthat the expression of uni-
or bilaterality of the clett is a significant
indicator of degree of severity. This is
much more significant and specific for
evaluation of the degree of severity than
occurrence ol associated cleft of the secon-
dary palate. ie. the CL versus the CLT.

The ratio CL:CLP in ditferent popula-
tions is probably influenced by a variety
of different factors. even when we have to -
consider that the less severe forms of CL
couid be underrepresented in some
studies. In our sample, the ratio of
CL:CLP was 0.64 and 059 in the sub-
sample of the complete register. Racial
tactars apparently also plav a role—ey.,
the highest proportion of CL was found

Table 8. Propartion of Atfected and Unatfected Individuals in Children ot 578
Probands with CL=P and CP

Proportion of Aff:Total

Proband {empinic risk tiguress
Tvpeot Cleft Sex inSons in Daughters Tatal
CL£P unibat Male 11224 3220 Lo
1.95x1.48 2272102 J.60209
Female 6:132 B R kY 10236
4.55£1.86 3.05+1.53 330212
CL=P bilat Male n:52 il §| 3493
11542471 4.B8+2.483 S.o(3.04
Female 3:29 205 7535
17244771 7694554 12.324.54
Total CLsf? 283437 13:414 41855
h4111.21 311086 4.8020.73
Ccr Male 268 6:70 §:138
2942208 89571359 5804205
Female 1126 3:105 4:231
0.79:0.79 2 86+1.65 1.2+0487
Total 3:194 9:175 12:6649
1.5520.89 3.1421.71 1258094




Figure 14. Strong influence of Sex of the Parent and Sex of the Affected Offspring on

Empiric Risk Figures
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Figure 15. Two Threshold Model of Liability to Orofacial Clefts Taking into Account

Sex of Proband
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Figure 16. Two Threshald Model of Liability ta Orofacial Clefts Taking into Account

Severity of the Affection

THRESHOLD

mE A s ammm sy .- -

unitlat.

bilat.

gentral pooulation s ynilat.CLIP = 0,0948%
bilat. CLZP = 0,02402

124

in japanese studies. There could ex
etiologically different types of CL (1l
would be supported by an experimen-
study of Trasler and Fraser ™), or the ¢
ferences may be connected with differ,
morphological shapes of the face det.
mined by racial factors.)!

Morphological features of the hum
skull and face could include such char
teristics that are “predisposing” or se;
as *markers” (micooforms} for orofac
deftsin their offspring. This has been s
gested also for CP7™ In 1980, Fras
suggested a hypothesis that a face sh.
could be reiated to manifestation of
orofacial cleft.

A study of craniofacial morphology
the parents of children with isolated ¢
palate was conducted in our instirut
The aim of that study was totrv to ¢
possible markers of genetic predisp
tion to cleft palate. The significant
ferences in craniofacial morphol.
between the parents of cieft pa
childrenand general population may
nal the presence of 2 part of the polyg,
system for this defect. i.e. a poss
predisposition.

Altogether, 53 fathers and 52 mot)
of children affected with cleft palate v
examined. A control sample was fon
by university students from Prague
Bratislava, 35 males and 40 fern:
Anthropometry of head and face, 1t
gencephalometry {Figures12and 13).
analysis of dental casts were perfon
In these examinations, 94 param.
were analyzed. In the sampie of par-
Angle class Il dental relations were fc
more often compared to contrals.
brachycephalic tvpe of head and the
toprosop type of face were mare com
in both fathers and mothers. Statisti
significant differences in certain §
meters were found: the head was sh
and wider in the parent sample; thes
ocular distance was greater; and -
was increased height of the lower
particularly the mandible. Also.
length of the anterior cranial base

increased. The analysis of dental
showed statistically significant diff
ces only in the width of the palate.

It could be concluded on the ba-
these results that some morphel
features in skeletal and soft tissues
head and face may bear_dose relatior
tathe predisposition for isolated cle
atein humans, For this reason. hypo
cal threshold values for the “pre
palate type” of head and face wert
gested. Examination of craniofacial

To




phology using eight anthropometric and
14 cephalometnc parameters was indi-
cated. When five of eight anthropometric
parameters and ten of 14 roentgen-
cephalometric parameters were above the
threshold. the unaffected individual
could be considered to express a part of
the poivgenic background for isolated
cleft palate. From the clinical point of
view, itcould mean a higher risk for trans-
ferring a genetic predisposition to the off-
spring and a higher risk of developing
cleft palate.

Genealogical analysis. To evaluate the
participationof genetic factorsin the etiol-
ogy of orofacial clefts, 2n evaluation of 87
cleft twin pairs (Tables 4-7) were carried
out. These evaluations are contributing to
the development of a model of Habiiity to
cleft lip with or without cleft paiate. =

The incidence of clefts among 21,147
relatives of the first, the second and the
third degree was determined for two sub-
samptes. The first one was formed by 789
probands born between 1970-1974. Anas-
sumption of closed sibship (very tow
chance of further pregnancy of the
mother) served asa criterion for inclusion
in this sample. In this group, the propor-
tions of affected individuais in siblings,
parents and second- and third-degree
relatives were evaluated. The second
sample was formed by our older 837
probands. The proportions of affected in-
dividuals among children, grand-
children, and siblings were evaluated.

From the resuits of this part of the
analysis, empiric risk figures suitable for

-many kinds of counseling situations in
respect to type of deft, sex of proband,
degree of relationship to proband with
cleft. etc., were obtained (Table 8). In
CL£P, a higher proportion of affected in-
dividuals among the firstdegree reiatives
was found for bilateral clefts (10.14+2.62
percent} standard error, compared to the
unilateral clefts (3.6840.72 percent). Im-
portant results were obtained when com-
binations of sex and defts of parents and
their chiidren were studied. The risk was
found tobe higher for children of affected
mothers (535:1.30 percent) than for
children of affected fathers (44740.91 per-
cent). Therisk for sons of affected mothers
was highest (6.8312.06 percent) and
lowest (2.68£1.01 percent) for daughters
of affected fathers. The reverse situation
regarding sex was found for CP. The
highest risk (8.5743.50 percent) was ob-
tained for daughters of fathers with cleft
palate and lowest (0.79+0.79 parcent) for
sans of mothers with CP (Figure 14).

Tolarova

Figure 17. Four Threshold Model of Liability to Orotactal Cletts Taking into Account
Sex of Proband and Severitv ot Affection
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Table 9. Main Characteristics of Qur Subgroups of C1&P

Unilateral Bilatera|
Male Female Male Female
Incidence in general population 0.0601 0.0320 00188 0.00%9
Risk in siblings or children (%) 2383 132 657 8.89
Heritability 06385 07682 0.8749 0E77/9
Effectiveness of primary prevention* -276 209 L1804

*The difference between number of expected and observed cases in treated group.

Figure 18. Hypothetical Mechanism of Primary Prevention of Orofacial Clefts Using
Periconceptional Supplementation by Vitamins and Folic Acid

IXESTNICUS TAUTIAS
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minos
ganns

The fact that risk figures were higherin
subgroups that were more rare in the
population suggests a higher proportion

of genetic factors. {t was confirmed by an
estimation of heritability. For the first-de-
gree relatives of CLiP subjects, the
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Figure 19. Ten-step Schedule of Frimary Prevention of Orofacial Clefis and Dosage of

Vitamins, Which Has Been Used

1.

GENETIC EXAMIMATION

7. estimatien of tne RISK FIGURE “SPOF AVIT"
3. HMEQICAL EXAMTMATION of the parents Vitamin & 2000 1U
i, E}NiﬁiLEElﬁ:‘; EXAMINATICOH Vitamin 81 1 ag
5. TREATMENT of patholopical findings vitamin By 1 =g
€. suggesticn of CONCEPTIONAL TIHE Vitsain B, l =0
7. optimalization of LIVING CONDITIONS Vitamin £ 58 mg
of parents betore conceplion vitamin D} 1600 1u
B. VEITAMIK AND FOLIC ACID suypplementation Nx:ot;n:-nu(?fl}u ag
S ereeution chd latting a5 least tne firsy  Caleiue manth. ) oag
trimeater of gregnancy
9. CONTINUAL_ CONTROL of pregnant mother ) this tavlets oaily
10. *

examination af the REWBORN CHILD

Table 10. Structure of Supplemented Group

FOLIC ACID 10 mg oaiiy

Qutcomes of Pregnancies (Newboms

Relatives with Cleft with Clefts in Parentheses)
Male 16
Unilateral H
Female 18
CL 33
Male 1
Bilateral 1
Female
Siblings ’ 12901
Male 33
Unilateral 66
. Female 13
CLp 94 (1}
Male 16
Bilateral 2641}
Female 1041)
b £ X))
Male 6
Bilateral st
Femaie 16
CL e
Male 2
Bilateral 2
Female
Parents 83
Maile 19
Unilateral 0{
Female  21(I)
CLzP 61 Q)
Male 153(1}
Bilateral 211
Female 6
Twoor more 1st-degree relatives 982
Otherrelatives : 32
Total 275{35)
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heritability was 0.730240.0242. 1t was a
little higher for children {0.626710.0H42)
than that for siblings (0.730240.0306). A
higher value for heritability was found for
bilateral cases compared to unilateral
cases.and a higher heritabilitv for females
than for males. For CP subjects, the
heritability for the first-degree relatives
was 0.748240.0376. It was higher for
children (0.7990340.0726} : 524 jor siblings
(0.657240.0606). We used the classical
method of Falconer’ as modified by
Czeizel and Tusnady.’ )

Multifactorial Model of Liability
With Four Different Thresholds

The resuits presented abave revealed
significant diffe.ences among the four
basic subgroups. These findings ted us to
suggesta multifactoriaimodel for liability
with four different thresholds related 10
sex of the proband and severity of the
anomaly.3=°

According to Carter®® although op-
posed by Melnick et al”™™" who re
anaivzed the classical Danish data. the
hypothesis best explaining etiology of the
majority of CLtP cases is the multifac-
torial threshold model. The liability is de-
pendent on the sum of genetic and
nongenetic (environmental) factorsand is
represented bva curveof normaldistribu-
tion and a threshold, bevond which in-
dividuals are affected with CL+P.

Different values for population in-
cidences in males and females subdivide
the population above the threshold into
two subgroups (Figure 15). A similar
situation is found whena divisionismade
with respea i severity of clefts, bilateral
clefts are more »~ve and have higher
heritability than unilateral ones (Figure
16}. Therefore. the risk of transmitting the
cleft to offspring is higher for females and
bilateral cases than for males and
unilateral clefts. Combination of both
characteristics results in the four-
threshold model of liability (Figure 17)
with different thresholds for individual
subgroups: (1) male with unilateral CL2P,
(2) female with unilaterai CL2P, (3) male
with bilateral CLzP, (4) female with
bilateral CL2P.

The main characteristics distinguishing
these four subgroups are presented in
Table 9. From the first (male with
unifateral CL2P} to the fourth group
tfemale with bilateral CLtF), the in-
cidence in general population decreases
and the risk of recurrence and the value

Tolarova




of hentability increase. Also, the resutts of
our method of pnmary prevention of
orofacial cleits (below) seem to support
our hvpothesis of the four-threshold
model of liabilicy.

Prevention

The problem of prevention of congeni-
tal malformations seems to be one of the
most. important branches of contem-
porary genetics, Although the scan tech-
nique (ultrasound) enabies us to
recognize individual structures in the
crzniofacial region of the ferus in utero,
and although this method is developing
rapidly, at present the only method of
prenatal diagnosis by which the orofadiai

clefts can be diagnosed is visualization

fetascopy. We recommend this procedure
for high-risk families with clefts (when
the risk is above 0 percent), as well as for
autosomal dominant and autosomal re-
cessive syndromes of marphologicai mai-
formations. This preventive method
{terminating pregnancy) should be called
asecondary prevention and is dependent
oa prenatal diagnosis. - :

More effident, because it could affect a
larger group of individuals at risk, seems
to be primary prevention, which acts on
the embryobefore cleft development. The
possibility of influencing the genetic
background purposefully is far in the fu-
ture. The only recent possibility of pre-
vention is to prevent summation of
genetic and environmental factors, or to
exclude at least some of the environmen-
tal factors tsee Figure 18).

It has been known for quite a long time
that a connection exists between the com-
position of a mother's diet in pregnancy
and the heaith status of her offspring. An
association between nutritional deficien-
€y in pregnant animals and birth defects
in their offspring was probably first
recorded in 1940 by Warkany and Nel-

and by Warkany and Schraffen-
berger in 143! Since that time, several
aempts at dietary prevention of birth
defects in humans have been carried out.
Vitamins, particularly folic acid, were
used {0 prevent orofacial clefts by Peer
and coworkers.” later aiso by Douglas,¥
Cnnway,‘" Brig;_;sf2 Cabka.” and von
Kreybig.* and more recently in preven-
tion of neural tube defects (NTD) by
Lawrence'® and Smithelts:*

Ourmethod of primary prevention cor-
responds to our hypothesis of different
thresholds based ondifferent proportions

Tolargva

Particularly high folica&d

Table 11. Prevention of CL#P by Periconceptional Vitamins(
supplementation): Results for the Whole Group

Prevenuon Control

with Cleft with Cleft Resuits
Pro- Expec. Observ. Diff-
band Total # % Total K % Cases Cases erence
CLap 214 77 405046 H.67 3 -3.67

3 1404081 1,501

Table 12 Preventionof CL2P by Periconceptional Vitamins (particularly high folicacid

supplementation): Results for Subgroups of Males and Females Separately

Prevention Contr-'ol _

with Cleft with Cleft Results
Pro- Expec. Observ. Diff-
band Total L N % Total # % Cases Cases erence
Male 130 1 1774077 1191 42 2531054 158 1 =358
Female & 2 2384168 710 5 4932083 4.4 2 214

Table 13. Prevention of CL4P by Periconceptional Vitamins {particularly high folicacid
supplementationk: Resuits for Subgroups of Unilateral and Bilateral Cases Separately

Prevention Control
with Cleft with Claft Results
Pro- Expec. Observ., Dift-
band Tuotal L§ % Total ¥ % Cases Cases erence
Uni- 164 1 0.61140.61 1,566 §5 213513047 576 1 -$.76
lateral
Bilateral 30 2 400283 335 22 6537:1.40 329 2 -129

of genetic and environmental factors in
four individual subgroups of clefts. It is
based also on another hypothesis: that
environmental triggers, which probabiy
playanimportantroleinetiology of clefts,
may be eliminated or decreased by this
means.

We have used periconceptional sup-
piementation with the multivitamin
preparation SPOFAVIT (three times
daily) and folic acid (10 mg daily) (Figure
19). Qur present results, based on evaiua-
tion of 275 pregnancies (Table 10) in
which primary prevention was applied,
have reconfirmed_our positive resuits
published in 1982.% The primary preven-

tion was appiied in different counseling
situations with different risks of recur-
rence. But only a homogeneous group
with the same counseling situation and
tisks of recurrence was used for statistical
evaiuation. When the sample was evalu-
ated as a whole, the effectiveness of pre-
vention was expressed as differences in
the numbers of expected and the numbers
of observed affected cases (Table 11). The
expected number was derived from con-
trol pregnancies that preceded initiation
of a prevention program.

Following subdivision of the whole
sample with respect to sex of probands,
better results for male probands com-

1z




Table 13. Prevention of CltPby Pen'conceptiona] Vitamins (

Divided bv Sex and Severity of Cleft

particularly high folic acdid supplementation): Results for 4 Subgroup.

Prevention Control -
with Cleft with Cleft Results
Expec. Observ.
Proband Sex Total # % Total ] % Cases Cases Difference
Male 9% 973 28 2B8HI54 276 -176
Unilateral )
Femaie 68 1 1474147 593 7 4554088 3.9 1 -2.09~
Maje 34 1 29412.94 ns 14 6424172 218 1 -1.18t
Bilatera}
Female 16 1 625625 117 B 64818242 104 1 +(3.04
Total 214 3 1.4040.81 1,50 77 4051046 8167 3 -5.674
2 or more I-degree relatives 9 22241571 Not evaluated statistically
Other relatives 5 2 Not evaluated statistically

*p=0.1006. Chi: p=0.05975.
“p=02897. Chi: pad). 1678,
1p=0.4361. Chisp=0.2529.
$p=0.0659. Chi: p»Q0514.

pared to fetnale probands were found
(Table 12). This was expected by our
hypothesis dealing with different
thresholds for males and females. In the
case of the male subgroup, we assumed
that the value of lability contained more
environmental factors in comparison
with the female subgroup. As is shown in
Figure 15, the threshold for maies is
nearer to the population average than the
threshold for females.

A similar situation was found when the
effectiveness of prevention in the families
with probands affected with unilateral or
bilateral clefts was compared. Better
results were obtained if the proband was
affected with 2 unilateral cleft than if the
proband was affected with a bilateral cjeft
{Table 13). If sex and severity were com-
bined, the effectiveness of prevention
could be evaiuated in four subgroups
with different thresholds of lability. In
agreement with the four-threshold
model, the best results were obtained in
the most frequent subgroup, where the
highest proportion of environmental fac
tors occurs, ie. in the subgroup of male
probands with unilateral clefts (Table 14),

An interesting hypothesis was su g
gested bv Nora in 1984 with respect to a
molecular theory of this action’® A
foreign chemical substance is subjected to
2 sequence of changes inside the cell. It
binds to a receptor in cvtopiasm and this
cocmplex moves to nucieus. There, a Syn-
thesis of oxidative enzymes is induced.

Qxidation of the foreign chemical sub-
stance ieads to formation of reactive inter-
mediates that mav act as mutagens or
teratogens untii they are conjugated and
excreted from the cell. In humans, there
exist two sorts of individuals: responders
and nonresponders (capable or incapable
of synthesizing oxidative enzymes in
response to a foreign chemical). In reia-
tions of mother and fetus, four combina-
tions are possible. The fetus can be
damaged if both mother and fetus are
responders. A similar hypothesis (see
Figures 4-6) was tentatively suggested by
us several years ago." It is understand-
able that reactive intermediates and radi-
cals are antagonized by antioxidants like
vitamins Cand E.

Still more data are required to con-
clusively confirm our hvpothesis of
primary prevention of orofacial clefts by
multivitamin supplementation and folic
acid.

Also, the population inddence cannot
be decreased to a large amount by this
method. However, if we consider the
results of CL4P prevention by this
method, the results of British studies on
prevention of neural tube defects and ex-
perimental studies and human data in
orofacial clefts, it seemstobe a promising
method, through which the frequency of
cleft lip and palate can be decreased in
families at risk, families where aiready
either one of the parents suffered from
cleft or where there has alreadv been a

baby born with cieft.

Periconceptional supplementation b
vitamin preparations with large amount
of folic acid as a method of primar-
prevention of arofadial ciefts has man-
attractive features. There is no danger ¢
negativeinfluenceeitheron fetal develop
ment or on mother's health during th.
pregnancy. The medication with mult
vitamins and folic acid is inexpensivc
And, as with other environmental factor
such as is avoidance of smoking, its ap
plication can have only favorable affect
on both the fetus and mother.

If we exclude sodial and psvchologica
points of view and compare only th
direct financial expenses for multidjs
ciplinary treatmentof child with an orofa
cial cleft, then it is clear that the sam.
amount of money can be used more effec
tively for preventive activity in severa
hundreds of families.

As Bruce Ross mentioned in this meet
ing. in families in which we were helpin;
to counterbalance severe psychologica
stress and other problems caused by th:
fact that the cieft baby was born, we d¢
not want to see another affected baby ane
we do not want to go through evervthing
again with that famiiy. Each baby bon
after prevention without presenting :
cleft is our little victorv. If in this kind o
primary prevention there seems to be :
wav to help, it is the duty of ali of us whe
are involved in research and treatment o
cleft children to take ad vantage of all pos




~ibilities for preventon.
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Reactor Paper: Cleft Lip and Cleft Palate—
Whence and Whither?

Clarke Fraser, Q.C.. Ph.D.M.D.

his has been an illuminating ses-
@ sion illustrating manv of the
problems—and some progress

toward their resolution—of estimating,
risks relating to the occurrence of facial

clefts both in relatives of those affected:

and in the gencral population.

Dr. Tolarova's family study is unique
both in its size and in the long period of
her observation. The fact that occurrence
in siblings varies with both sex and
severity (bilaterality) is consistent with
expectation for a quasicontinuous variant
(threshold trait). It is nice to see these
relationships, which have been doubted
by certain others, demonstrated so clear-
ly. The four-threshold model (which is
really a four-distribution model, but it i
more convenient to deal with threshaolds)
is a logical extension of these relation-
ships. Segregation analysis at an earlier
stagedid not distinguish between a single
gene and the mullifactorial threshold
moadel.! but it would be interesting to
apply some of the more recent and sophis-
ticaled models of complex segregation
analysis {discussed by Dr. Elston! to this
unique body of data to see if evidence for
the presence of one or more genes of
“major” (meaning detectable) effect could
be teased out.

The sibling-occurrence figures wiil aiso
be usefulforcounseling, as thedifferences
between the highest (sons of bilateral
femaie probands—1747.7 percent) and
Jlowest (daughters of unilateral maie
probands—2t! percent) are appreciable.
1t is cunous that the figures for children
and siblings are quite similar except for
the offspring of bilateral CLAP category,
which is considerably higher than the sib-
ling value® or the estimate (for siblings)
from previous studies.' One wonders if
this excess mav represent sampling bias.
sincerthasa largestandard error. Perhaps
the figure for siblings” would be 2 more

reliable guide for counseling. This il-
lustrates one difficulty of risk assessment
in this area—causal heterogeneity. Split-
ting the data into more subgroups o

achieve greater homogeneity reduces the’
‘sample size of each subgroup, resulting in

large standard error, even with a very
large study group such as thisone. To get
large subgroups mayv require collabora-
tive projects, but that runs the risk of in-
creasing heterogeneity again. A dilemma!

The most interesting of Dr. Tolarova's
findings is the preventive effect of
periconcephional multivitamins. It must
have taken great courage to start such a
trial knowing how long it would take to
get an answer. | was very skeptical of the
eariy American reports of an effect on
facial clefts, but the evidence suggesting
that there might be an effect on neural
tube defects was more convincing, and
Dr. Tolarova has a much bigger sample of
cleft families than the American studies.
The epidemiologists will no doubt object
that it is not a randomized trial, as they
did for the neural tube defect study of
Smithell's et al. The comparison group
here is presumably all the families in the
study group that were not in the treated
group, most of whom were seen before
the vitamin study began. Since there is
much lessassociationwithenvironmental
factors for facial ciefts than forneural tube
defects, these figures are probably quite
stable, and it is difficuit to see how treated
families could have been-selected from a
group that had a lower recurrence risk
than the rest of the sample, although it
would be nice to know exactly how they
were selected. These resulis need to be
taken seriously, and perhaps we shouid
beasking curseives whether we should be
recommending periconceptional vita-
mins for subsequent pregnancies of
mathers who have had a child with cleft
lip—particularly if the results of the
British MRC randomized triai on neural
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tube defects turns out to be positive.
i maternal nutrition does indeed in-
*fluence liability to both ncural tube
defects and cleft lip (and perhaps other
malformations), this would provide a
possible explanation for the fact that
neural tube defects occut more often than
expected in the siblings of probands with
cleft lip, and of probands with several
other types of malformations” and per-
haps vice versa.® If so, one might expect
to see social class differences (reflecting
nutritional differences} in frequency of
cleft lip. There is some evidence in sup-
port of this” and it would be usefut to
pursue this line of investigation.

As for Dr. Erickson's presentation, [
have nothing but admiration for the
dedication and determination of those
who run birth defect surveillance
programs, and sympathy for the frustra-
tion they must endure in dealing with
largely negative findings and the lack of
funds to follow up the positive ones that
look promising. it is a largeiy vnap-
preciated and thankless task. Yet even the
negative findings may be useful in that
they can reassure when the {usually false}
alarm 15 rung for some suspected tera-
togen. And. of course, they can confirm
the ones where the cause for alarm s reatl.

Dr. Erickson’'s thoughts on risk man-
agement are cogent. The discovery of a
teratogen certainiy raises the question of
whether the benefits of the environmental
agent justify the increased risk to the un-
born of being born malformed. From a
prenatal counseling viewpoint, a relative
nisk of even as much as 10 would mean,
for cleft lip. an absolute risk of 1 in 100,
which those weighing the risk and
benefits might consider low, althcugh
those actually exposed might disagrec.
One gets the feeling that the benefit side
of the question may well inciude
economic benefit to those who market the
agent, and one may wonder if thisis ap-
propniate. and what can be done to
prevent financial profit from overbalanc-
ing the scales.
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Finally. there are the evciting findingy
in Dr. Johnston's twins, demaonstrating,
genetic heteropencity for cleft lip. As
some of us have been trving 1o do for
years. he has finaily teased out a bivjog-
cal measure of Hability. The next step will
presumably be to see if some of the unal-
fected relatives (parucularly siblings)
»wow theame differences as the co-twins
of the probands. If. as Dr. Johnstan sup-
gests, the “wide” group correspands to
the autosomat recessive type that, accord-
ing to Chung et al.." may account for
about one-third of cleft lips in the Danish
population, the search far a genetic
marker would be greatly simplified.
Remember that this gene would have a
penetrance of roughly 33 percent, so the
risk of securrence in these families would

be about & percent. not dramatically

higher than that of the 4 percent risk
predicted onthemultifactotial madel. But

if alinkage could be found—e g with the
TCGFA marker shown 10 be associated
with cleft lip in some f(amilis"—then the
B peroent rish wauld brcome cluse o
either ) or 33 percent and prenatal diap-
nosis could be done. Then we will haveto
wrestle wiath the ethical problem of daing
prenatal diagnosis (presumably with the
intennion of aboring the fetus if affecied)
for a nonlvthal condition that can be
repaired with remarkable success. The
searchforimproved risk assessment leads
us down same unexpected pathways.
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