Diagnostic/Genetic Screening — Approach for Genetic

Diagnoses and Prevention of Cleft Lip and/or Palate
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The treatment, research and volunteer work for cleft lip and/or palate (CL/P) has been led for
over 30 years by our team. Within this period, more than 4,000 cases of CL/P were treated
and at the same time, and approximately 400 papers were published as the first or partner
researcher in Nature Genetics, New England Journal of Medicine and others. In addition, with
$20 million that was donated from companies and laypeople, and the grant from the Japanese
government, CL/P centres in many countries and in Japan, the oral and craniofacial congeni-
tal anomaly gene bank in our CL/P centre was established by our leadership. In the bank there
are genes from approximately more than 8,000 cases. The genes were mapped with Professor
Jeffery Murray of lowa University in the United States, the findings about genetic syndromes
such as Van der Woude Syndrome and basal cell nevus syndrome were applied in clinical set-
tings. The genetic counselling section that specialises in the oral and maxillofacial field was
established by our effort for the first time in Japan. In this review, our clinical experience and
approach for genetic diagnoses and prevention of cleft lip and/or palate will be discussed.
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bout 30 years ago, the psychological issue of moth-

ers with children born with a cleft lip and palate
was first studied in Japan!. The results showed that the
congenital anomaly of cleft lip and palate was not a life-
threatening disease, but more than 30% of mothers of
children with cleft lips/palates thought about committing
suicide. It can be said the deformity of this congenital
anomaly gives mothers lots of stress. In some cases,
mothers killed their children because of this disease.
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One in 500 to 600 children are born with a cleft
lip and palate. It was said that one in 1,500 African
children was born with this disease, but recently it is
thought that the incidence among African people might
be much higher?, and we have started operating the
study in Africa.

The world’s population has reached 7 billion and
approximately 14 million people suffer from this con-
genital anomaly?.

This review discusses the epidemiological approach
of gene and genetic diagnosis and prevention.

Epidemiological approach

The Cleft Lip and Palate Centre at Aichi Gakuin Uni-
versity is located in the middle of Japan and the area is
in the third biggest prefecture Aichi in Japan. The gross
national product (GNP) of Aichi prefectures accounts
for around 1% of world GNP, and produces 40% of
Japanese exports. The congenital anomaly monitoring
and epidemiological study targeting 11.4 million local
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Fig 1 Beagle dog with cleft lip and pal- Fig2 Beagle dog with cleft palate only.
ate.

residents for 30 years was conducted and the study
results are used as Japanese data at the Clearing House
of the World Health Organization. In the last 22 years,
the study on 1,250,144 local residents was conduct-
ed, and it was found that 1,812 babies were born with
cleft lip/palate, and the incidence ratio was 0.145%%°.
Besides epidemiological study at birthing facilities,
detailed data from questionnaires with 200 questions
including maternal environmentwere analysed using
the cleft pattern modelling method!%:!!. The question-
naire is targeted at outpatients.

From epidemiological approach to animal experi-
mental studies

Spontaneous models of beagle dog, mouse and rat

Beagle dogs with cleft lip and palate (Fig 1), with cleft
palate only (Fig 2), with progenia (Fig 3) and with Robin
sequence (Fig 4), mice with cleft lip and palate from
spontaneous generation (Fig 5) were used for animal
experiments!2.

After the success of the experiment of A/J mouse
infused hair colour gene by the congenic strain method,
other experiments could be implemented. The mouse
inherited 99.8% of spontaneous generation genes of
cleft lip!3 and only white hair colour was disinherited,

Fig 3b Beagle dog
with progenia.
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Fig 3a Beagle dog with progenia.

with the colour being changed to cinnamon brown.
Figure 6 is the picture of a rat with a mandibular cleft.
Animals were examined'# for studying about the very
rare congenital anomalies that occur in humans.

From epidemiological data, it was found that mothers
with anaemia indicated a higher probability of deliver-
ing babies with a cleft lip and palate. So an experiment
was conducted to see if pregnant mice with blood
removed would deliver more babies with cleft palates!>.
The result was positive. But the result included two
possibilities of:

* Anaemia causing a higher incident of cleft palate.
* The stress from the blood being withdrawn caused a
higher incidence of cleft palates.

So we infused an anaemia gene to mice through the
congenic method and tried to see if the factor of anae-
mia affected the incidence rate of cleft palates. In the
experiment, the W/Wv gene was infused to spontaneous
generation mice with cleft lip and palates by using the
congenic method and for establishing a new system,
interbreeding was repeated over generations.

What should be done is that the hypothesis gener-
ated from the epidemiological study and the result
from the animal test need to be verified and should be
made applicable to clinical settings to bring benefit to
patients.

Figure 7 shows the white A/J mice and the black
mouse with a white spot on its back. The white A/J
mice that were infused with the W/Wv gene, which was
extracted from black mice by back-cross interbreeding
had black hair, apart from a white spot of hair on their
backs. The result proved that the W/Wv gene was inter-
bred to the A/J mouse successfully. In Fig 8, the cleft
palate is confirmed from stained osteocartilaginous tis-
sues. The result of A/J mice and A/J-w+/+ mice showed
8.8% of cleft palate babies from usual spontaneous
generation mice and much higher incidence of 22.85
from A/J mice infused with the W/Wv gene (Table 1).
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Fig 4 Beagle dog with Pierre Robin Fig 5 Spontaneous cleft lip and palate Fig 6 Rat with mandibular

seqguence.

mouse models (Left: bilateral cleft lip and  cleft.

palate A/J mouse, Right: unilateral cleft lip
and alveolar A/J mouse).

Fig 7 White A/J mice and black mouse Fig 8 Cleft palate con-

with white spot on back.

From these results, it can be said that the anaemia
encouraged the incidence of cleft lips and palates. To
prevent cleft lip, it is advised to treat anaemia before
pregnancy and prevent anaemia at the early stages of
pregnancy.

This result is applied for prevention at the clinical
setting. People who are from cleft lip and palate fami-
lies are instructed to treat anaemia before pregnancy.

Also from the results, taking enough daily protein
may prevent cleft lips and palates, which can be seen
from epidemiological data. This was verified with ani-
mal tests. In addition to the importance of treating anae-

Table 1 Result of A/J mice and A/J-W+/+mice

firmed by stained osteo-
carilagious tissues.

mia before pregnancy for prevention, the importance of
taking enough quality protein to prevent cleft lips and
palates is also provided from the study!6:!7.

From other epidemiological research, the results
showed that mothers who took green vegetables every
day delivered healthy babies. On the other hand, moth-
ers who did not like vegetables had a higher incidence
rate of delivering babies with cleft lips and palates in
comparison with mothers who ate vegetables every
day'®. Recently, mothers have been instructed to eat lots
of vegetables and mothers who do not like vegetables
have been instructed to take supplements.

No of mothers Imprantation Live foetuses Resorption Dead foetuses Incidence of CLP
A/J mice 51 563 374 139 50 33 (8.8%)
(average) 11.03 7.33 2.73 0.98 0.65
A/J-Wv/+mice o4 197 131 52 14 37 (28.2%)
(average) 8.20 5.46 217 0.58 1.54
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Table 2 Sexual difference of cleft palate
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Epochal approach for prevention by gender selection

In previous epidemiological researches, cleft patterns
had not been analysed in detail. The degree of cleft and
incidence was analysed with the cleft pattern method'?.
It is well known that there is a high incidence of cleft
palate only females, but it did not correspond with the
research — a high incidence of cleft uvla was confirmed
in males. No gender difference was confirmed in cleft
soft palate. Significantly higher incidences of hard and
soft cleft palates were confirmed in females. In general,
incidences in females were slightly higher. The result
of this research provided that there is a strong relation
between the degree of cleft and gender and also that
gender contributes to the incidence rate of cleft palates
(Table 2).

In addition, the research of family histories showed
an important finding!®. It is well known that cleft palate
is handed down to babies. The finding was that babies
with cleft palate who had parents with cleft palate were
only female — no male babies were confirmed. This
result gave us an opportunity to develop the epochal
prevention method. Patients with cleft palates tend to
not marry or have babies because of the high incidence
rate of inheriting cleft palates. But, there is a possibility
that if the couple with the first child with cleft lip and
palate take gender selection to the next child, their next

Fig 9 Gene banking
storage.
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Table 3 Gender differences between probands and patients

First degree relation

Father Mother Brothers Sisters
Male 0% 0% 23.1% 2.6%
Female 15.4% 15.4% 5.1% 38.5%

son will have no cleft or a very mild cleft such as an
uvla cleft (Table 3).

Genetic approach

In the experiments with mice, transplanting fertilised
eggs from spontaneous generated mice with cleft lip
and palate to mice without cleft lip and palate resulted
in there being no foetus with cleft lip and palate. The
results indicate that if the maternal body environment is
controlled, cleft palates can be prevented. But the occur-
rence of cleft lip and palates was confirmed in the next
generation. It may be said that these congenital anoma-
lies are closely related to genes and genetic research is
strongly needed. The genetic research system organised
by Prof Natsume in Japan (Fig 9) is capable of storing
up to one million cases and the storage of 9,000 genes
has been completed.

Many patients without a diagnosis can get an appro-
priate diagnosis by gene analysis. Gene analysis was
conducted of IRF6, TGFB3, MSXI1, PAX9, RYK,
which are considered to be related to cleft lips and pal-
ates. Genes of patients with cleft lips and palates are
banked at World Cleft Gene Banking. Many important
findings about genes related to cleft lips and palates
have been found?%-24,

Genetic diagnosis

Van der Woude syndrome

The world biggest family tree of Van der Woude syn-
drome (VWS) was analysed and from this family, the
IRF-6 gene was found?>-°, and this finding made very
mild VWS confirmed diagnosis (Fig 10). The IRF-6
gene, which was extracted from fingernail DND using
the genome amplification method, also had the mutation
(Fig 11).
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Basal cell nevus syndrome

Patients with Basal cell nevus syndrome without cleft
lip could not be diagnosed until the onset of disease.
Because of this, some patients died from Basal cell
nevus syndrome. Owing to genetic analysis, people
without the Basal cell nevus syndrome gene can feel
secure and those with the gene can get diagnosed and
treated at an early stage. Due to improving genetic diag-
noses, informed consent of patients is very important.
We opened the genetic counselling office, which spe-
cialises in cleft lip and palate counselling.

At the genetic counselling office, couples with a
child who has a cleft lip and palate are given counsel-
ling regarding the risk of their second child also inherit-
ing a cleft lip and palate. They are advised about genetic
diagnosing.

Strategy for prevention

The Japanese government grants gene banking for the
next 5 years and it should be focusing on genetic analysis
and diagnosis, and prevention of cleft lips and palates.
The genetic screening for mothers who had difficulty
metabolising folic acid was conducted and Methylene-
tetrahydrofolate reductase (MTHFR) was analysed for
screening. The relation between plasma homocysteine
and folic acid in MTHFR C677T was found?’. People
with type T/T tend to show high values of homocyst-
eine and low values of folic acid in comparison with
those with type C/C or C/T. It may be said that screen-
ing by MTHFR will find mothers who need folic acid
treatment. The prevention of cleft palate only by gender
selection, besides controlling anaemia, taking daily pro-
tein products and folic acid will be conducted. Genetic
diagnosis of cleft lips and palates is positively facing a
new age.

Acknowledgements

The authors would like to thank to Professor Guang-yan
YU, Professor Lian MA, Peking University School of
Stomatology and Professor Guo-min WANG, Craniofa-
cial Centre, Department of Oral Maxillofacial Surgery,
Shanghai Second Medical University for their work and
assistance.

The Chinese Journal of Dental Research

&L | B e

B oo bnme

Fig10 World biggest family tree with Van
de Woude syndrome.

| T
n | dieiin
] I ] et e

Gene analysis of family tree.

References

1. Natsume N, Suzuki T, Kawai T. Maternal reactions to the birth of
a child with cleft lip and/or palate. Plastic Reconstr Surg 1987;79:
1003-1004.

2. Natsume M, Tolarova MM. Epidemiology of Cleft Lip and Palate.
Tokyo, Quintessence Publishing, 2003:27-33.

3. Natsume N, Tolarova M. Epidemiology of Cleft Lip and Palate. Chi-
cago: Quintessence, 2006.

4. Natsume N, Kawai T. Incidence of cleft lip and palate in 39,606
Japanese babies born during 1983. Int J Oral Maxillofac Surg
1986;15:565-568.

99



NATSUME et al

10.

11.

14.

15.

Natsume N, Suzuki T, Kawai T. The prevalence of cleft lip and palate
in the Japanese: Their birth prevalence in 40,304 infants born during
1982. Oral Surg Oral Med Oral Pathol 1987;63:421-423.

Natsume N, Suzuki T, Kawai T. The prevalence of cleft lip and palate
in Japanese. Br J Oral Maxillofac Surg 1988;26:232-236.

Natsume N, Niimi T, Furukawa H, et al. Survey of congenital anoma-
lies associated with cleft lip and/or palate in 701,181 Japanese peo-
ple. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2001;91:
157-161.

Natsume N, Kawai T, Kohama G, et al. Incidence of cleft lip or palate
in 30,3738 Japanese babies born between 1994 and 1995. Br J Oral
Maxillofac Surg 2000;38:605-607.

Natsume N, Niimi T, Furukawa H, et al. Survey of congenital anoma-
lies associated with cleft lip and/or palate in 701,181 Japanese peo-
ple. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2001;91:
157-161.

Nagase Y, Natsume N, Kato T, Hayakawa T. Epidemiological ana-
lysis of cleft lip and/or palate by cleft pattern. ] Maxillofac Oral Surg
2010;9:389-395.

Natsume, N, Suzuki T, Kawai T. Clinical analysis of cleft patterns of
lip and palate. Cong Anom 1984;24:75-82.

. Senda T, Natsume N, Fujiwara S, et al. Two case reports of spon-

taneous median cleft nose beagle [in Japanese]. The Aichi-Gakuin
Journal of Dental Science 2001;39:199-207.

. Yoshida K, Natsume N, Kinoshita H, et al. Experimental study on

cleft lip and/or palate: fetuses of A/J mice in uteri of F1 hybrid moth-
ers using ovarian transplantation. Cleft Palate Craniofac J 1996;33:
291-296.

Inagaki S, Natsume N, Miura S, et al. Experimental study on the
cleft lip and palate. Induction of cleft plate in wistar imamichi rats by
suspension of dexamethasone [in Japanese]. Japan J Oral Maxillofac
Surg 1989;35:86-89.

Natsume N, Sugimoto S, Yoshida K, Kawai T. Influence of maternal
anemia during early pregnancy on the development of cleft palate. Br
J Oral Maxillofac Surg 1999;37:330-331.

100

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Natsume N, Kawai T, Suzuki T. Preference for dairy products and mani-
festation of cleft lip and/or palate. Plast Reconstr Surg-1996;98:900-901.
Kato T, Toyama Y, Nagata E. Potential effects of milk.intake on pre-
vention of cleft palate. Aichi-Gakuin Dental Science-2012;25:1-4.
Natsume N, Kawai T, Suzuki T. Preference for vegetables rich in beta-
carotene and manifestation of cleft lip and/or palate. Plast Reconstr
Surg 1995;95:934-935.

Kato T, Natsume N. The possibility of complete prevention of cleft
palate. Aichi-Gakuin Dental Science 2012;25:5-8.

Zucchero TM, Cooper ME, Maher BS, et al. Variants and the risk of
isolated cleft lip or palate. N Engl J Med 2004;351:769-780.

Sato F, Natsume N, Machida J, et al. Association between transform-
ing growth factor beta 3 and cleft lip and/or palate in the Japanese
population. Plast Reconstr Surg 2001;107:1909-1910.

Watanabe A, Akita S, Tin NT, et al. A mutation in RYK is a genetic
factor for nonsyndromic cleft lip and palate. Cleft Palate Craniofac J
2006;43:310-316.

Yoshiura K, Kinoshita A, Ishida T, et al. A SNP in the ABCC11 gene
is the determinant of human earwax type. Nature Genet 2006;38:
324-330.

Darbro BW, Mahajan VB, Gakhar L, et al. Mutations in extracel-
lular matrix genes NID1 and LAMCI cause autosomal dominant
Dandy-Walker malformation and occipital cephaloceles. Hum Mutat
2013;34:1075-1079.

Matsuzawa N, Yoshiura K, Machida J, et al. Two missense muta-
tions in the IRF6 gene in two Japanese families with Van der Woude
syndrome. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2004;98:414-417.

Matsuzawa N, Shimozato K, Natsume N, et al. Novel Missense Muta-
tion in Van der Woude Syndrome: usefulness of Fingernail DNA for
Genetic. ] Dent Res 2006;85:1143-1146.

Yoshida W. A Study of 5,10-methylenetetrahydrofolate Reductase
(MTHFR) C677T Polymorphism on Cleft Lip and/or Palate in the
Vietnamese [in Japanese]. The Aichi-Gakuin Journal of Dental Sci-
ence 2005;43:421-437.

Volume 16, Number 2, 2013



