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Abstract

Project Code : RSA/05/2544

Project Title : Clinical variability of FGFR mutations: from malformations to malignancies.
Investigator : Vorasuk Shotelersuk, MD,

Section on Medical Genetics and Metabolism, Department of Pediatrics, Faculty of Medicine,
Chulalongkom University

E-mail Address : vorasuk.s@chula.ac.th

Project Period : 1 December 2000 — 30 November 2003

While dysmorphic syndromes and inherited metabolic disorders are individuaily rare, they
collectively account for a significant proportion of illness, especially in children, They present
clinically in a wide variety of ways, involving virtually any organ or tissue of the body making them
relatively difficult to diagnose. However, reaching an accurate diagnosis for children with
dysmorphic features and suspected inherited metabolic disorders is important to them and their
families both for treatment and for the prevention of disease in other family members. It also makes
available all the accumulated knowledge about the relevant condition.

We studied clinical features, developed biochemical and molecular techniques to help
making definite diagnoses for Thai patients with genetic disorders, including dysmorphic syndromes
and inherited metabolic disorders. We found out that Thai patients with many of these disorders such
as syndromic craniosynostoses, Van der Woude syndrome, Pseudoachondroplasia, Kabuki syndrome,
hydrolethalus, and methylmalonic academia, have unique clinical and molecular features. In addition,
some of these mutations, besides being responsible for malformation syndromes are related to

cervical and nasopharyngeal cancer developmenits.

Keywords : malformation syndromes, Inherited metabolic disorders, cervical cancer, nasopharyngeal

cancer, mutation analysis



A’ o O
LA WIITHIDY

° -t . A . - o - |
unitr 1ason3finsnununuud (Human Genome Project) FaiflulasamamaBainenilngf
P - P - o ¢ w A . - a0 wr
qﬂTﬂ‘Nﬂ'ﬁﬂuﬂuﬂ‘i:‘)ﬂﬁ‘mﬂWEG&J‘I—#EU'E"IG] lasfyauszmadwaniiafnsmsiSoeiay
A - « v & e v o . P g - -t
nucleotide 2893 Iunuye IdaFaiuasudnlalivuinit lsnvnsunsdifiaunnladaming
- F-Y a 1 - e -' - [ ﬁf gl ] g )
nnnanuRalndvesmmiugnssuhwiuihdanefunedes  uinmudusdruidain
e - o o - 4 -l i X o - “
anmnueiinuaslinffinriionsauuuiudny 19U thalassemia  JuAUTRIEMIAUT
) [} A 1 " F.3 w - .‘:
maduediann  udlieau 9w wwmnu, enudulefiage, lwdiu, unds un
é’nunuﬁé’uﬁmaﬁa‘m'le'ﬁ'uﬁniwamnﬁﬁumaﬁm‘msmﬁdu AMINTIWANAU nucleotide 1
- s A & v - o, , o o 9 -
Tunuysdasildnsdunuiunafinelsn (disease causing gene) uaziiuuwaliunsifialn
N w & wa L & W oea P g waly v P -
(susceptibility gene) LTITUIIN ﬂm:ppauw'lﬂnaTﬂmauﬂﬁm'mgﬂ'lﬂmn'[ﬂﬂn’nﬁm:m'[uu
A A ) ) ] ) - L3
:Jguﬁu'ﬂ?jﬂsz’[umﬂuﬂszmnﬂnuntﬂutmlune!um'mwmnmmw.ﬂ Tmu:mmnuﬂgn
un:lsnﬁuqnﬁmmmuaﬁn
AnuRnIuAAula (congenital anomalies) Wnefa ANuRMINdMeglaudiiie
o) 4 Jd e - rl vd ) ) - -~ '
Lﬂunqﬂsﬂnuquammiga minuinifia 100 ausslifndanufimudiifiariiaguusoag
= ol 1 A [ Y \ -T’ LJd Q
2 09 4 au Tauuhﬂua:nqumm'mnJummq-uaamwuwmtmmmﬁuwummn |t
website Ve Online Mendelian Inheritance in Man (OMIM)
' \ . o4 o - ' a o
<http:/Aww.ncbi.nlm.nih.gov/entrez/query.fcgizdo=0OMIM>  fuuNN@WIENZUBINTININA
- A b 0 A o -~ [] - : L3 &
mnuumm'lmm‘sq‘num‘s‘Hmnm'l 10,000 o171 WaissmuRnsudadiiietuwuas ain
) 1 L o L [} L] -~ Lo A . b ot
\umszdegiin aseunTuazfsamiuainnn MIlvmadRsdsiuite ldnansmend
ﬂ'ﬁﬁnuﬂ:m-mmuv‘a’uﬁm:ﬁﬂﬁuwnﬁmmmlﬁ'ﬁagﬂuﬁ@;ﬂ'zﬂuﬂ:ﬂ‘sami’v‘lﬁasngnﬁm
4 - :‘ A | o+ J a r - e [
iumIwennsatlsauazlamanniiad mtﬂwuagfmﬁmmmmymnnuﬂsaumﬂummﬂ
- ' & “ Y -~ o ~ - w
fulvdely wenominanuRmsdiniisussiiafimasnilastuiosalomanmsialw
™ [P | - S - o . - [ '
waoasld Balundniu fuiluammquasenufimauddufieunbudanmtasnumaia
lsnuzi5edan 19w FGFR3 Lﬂummmmmnﬁmhﬂ thanatophoric dwarfism WazRsATIUITHA
Imﬁ’uqnﬁmmmua‘én (inherited metabolic disorders ¥38 inborn errors of metabolism)
-] A B R .‘4 [] A - - - [
uﬂ'nuﬂu'm-n'l'nnu'[ﬂnm‘lﬂﬁanqu'[mnmmnnmmnmlnﬂ'umm:mumwauamu
. - o '3 . d a e e '3
(catabolism) WIDATEUIMMIFUATIEW (anabolism) §1I@MIITIRAINMIIITUDILEW L]
- - o ala - I3 o (" [ 1 > P
Aadnd  amwinowdfsdndueadulodesildiiendioisiaiduuasmivnausnia

o « ¥ oo dd -l I . - . )
NN TIAIAUNNIBINDNLIR gwlihiin metabolites B%lALNTZUIUNITIAY (minor pathway) &9



™ ] & o, - - ] J’ o o ¥ J oo -~ D
NAANASYN Wl TR AAUNALRs A e N IN AR NI mamﬂ'[m'lunquu duaatu
- ] (3K} -~ q - A | [ L 2] L [ - v
MDA NANTUAR UG nm'xﬁmﬂuhﬂmﬁumszwagﬂ'm asaunTILRsEIRULTuatn
a - P ~ w aa woa s ™ a - oo
v My vwgnatiullidon  nmsldmsdtadsauidaldrndansusyeadifin n3
ﬂﬂamﬁmﬂﬁua:n'rma'mﬁ’ufi):ﬁ'ﬂﬁuwnﬁmmm'lﬁ"ifaqauri;j;ﬂdmm:maua%’q'lﬁazho
L3 A o3| 4+ Ad a bl b L vl gy [
Qnens -mﬂwuaganmmumntymnnumauﬂ*nlum:mau’laﬂa‘hJ

Taniszasd
A - - o s L [ . L2 ol =
1, xwafmmanum:moﬂaunuﬂ:anywmmmuwuq&umgﬂ’:u'lnunumwwms
ueiriuile (U craniosynostoses ua:kﬂﬁ’uqnﬁmmmu AfN

) - - -
2. IWBANWIUNUINITDILU FGFR3 luﬂqfkﬂﬂ.[fﬂuzliéﬂ'lnnﬂﬁﬂ

Pt |
ABNA[DI
& [ = e = o = e - = Lo
1. ﬂﬂH’}ﬂﬂ&m:ﬂ'l\'lﬂﬂuﬂ‘ﬂﬂéfdﬂ’m‘lﬂﬂﬂUﬂ’]’I&}WﬂTﬂlﬂﬂ’lluﬂttﬂ:tﬂuﬁ:ﬁ\'}ﬂ’m

-l -l <
uﬂﬁnnmn'[ﬁwmmnqmnomm
2. uLRaa ana DNA ua:ﬁnmminmuﬁuﬁfmaaﬁﬂw

HANIINARDS
ﬂm:g"n‘fu'le‘fﬁnmﬁ'nBm:maﬂ'ﬁﬁnuanﬁuﬁ'qaﬂﬂotﬁaﬂmm‘?ﬂduuﬂ:ﬂiaun"h a7

[ o
1aaafs
b = L T A - [ ] a r
1. dnwoennadinvasdihsinsifanuinmudtuiieanssliedinyacian:
1.1 Craniosynostosis with skin, eye and joint manifestations’
' -
1.2 Hydrolethalus syndrome 1g8uNNUNG
. ' 3
1.3 Kabuki syndrome uasdl discordant manozygotic twins gu.ﬁn'naﬁﬂn
L ws af L2 J - J -~ ol e - A L 3
1.4 anzdPeAnwihambuiias Sdnsuzanmuaiinfiamn: ussld
. ' vy - ' 4
wuoiuilunguemsluinlifilammeauinnew
1.5 Azl ldl A inmmenFinanliniitadodihelig Pompe (Glycogen
[ A -~ e
storage disease type II) {ludwau 2 7 Samursadhaniflunniifieds
' Y i & 5
fowaaan laduSuiluasausnludsuinalng
b - 1 A‘ -~ [ N3 ~ - -
2. Wawitnsernlatunguifienufinsuddufieuazlaniusnisuaunyedn
2.1 wauwntnieTeniadunidlulaansdeit Ge-ms®



2.2 ﬂmxuﬁiuﬁnmgﬂwﬁtﬂu methemoglobinemia WaxHKEUGIHITNNINIITL
wdfuialudasfianslulsznalng’

2.3 ANWINNTIARY precocious puberty ﬁ'mmsm:sj’uaaﬂwa

2.4 WAIMIMIa31313R Achondroplasia ﬁm’n‘ﬁmaa%ﬁugﬁ'\aﬂi‘g

2.5 WuimiaTalsa Pleiffer syndrome duiEmsnmuugen aag

2.6 WAIWINNTATIALTA MEN 2A ﬁ?uﬁ%ﬂﬂﬂﬂ%ﬁu]}'ﬁ’mﬂ‘? !

2.7 Anwaneorgiuuuvsnsaszllulugiag cystinuria

2.8 NUIUANBUINARAN "Ej":Lﬂﬁua:m*mmuﬁuﬂmjﬂm'lnuﬁﬁm’mﬁmi
uaruia Ltﬂ:fﬁﬂﬁuqniiuml.muaﬁnm

3. é’nﬁm:n'rmmﬂﬁ'mfmm@’ﬂizﬂnuﬁLﬂu'['mﬁ'uqn'nmmu“[smhqmn@'ﬂ’mt%a

mudu

3.1 Pseudoachondropiasia wumaua%’qﬁﬁmmmuﬁuﬁﬁLﬂumsnmuﬁuﬂﬁﬂ
Limfaugilndululan™

3.2 Methymalonic academia wWuAsauasafan1sNaT nﬁufﬁtﬂummmuﬁuf
'lmflahaﬁau@ﬂwﬁuluhn‘s

3.3 Van der Woude syndrome wumauaﬁﬁﬁminmﬂﬁ'mfﬁﬂumsnm pAUE
lmihimﬁaugﬂwﬁulﬂan”

3.4 Crouzon and Apert syndromes WumInaeWuSluiu FGFR Famursaan

F .Y " 3 & © - 17
lunsamvidanrdeussaaldiiunaduie
.y - Lo, 8 W) o e .
3.5 fihalsaun®y aaedisoanmdiondgsinefuilu cervical cancer 75 318

' . - - a al A, - |
lLiwuidinmmevuioia $249C luiu FGFR3 Sadnanniihsfinuiing
, ' - -l e - ¢ & W
anrauludlzing Aunenemulidanmanamoiuigeisiaus: 25
' At Lo -I | .. |
a‘mn’ﬁﬂﬂmﬂﬂ’w‘lﬂ uhiilu nasopharyngeal cancer 69 110 WUNT
r .S J L o L K]
noWufoiie 5249C ubu FGFR3 1 911 Favuilugile nasopharyngeal
J L wl A“18
cancer TIIWINAWLNIIAAT uwuﬂuuuu
e, 1 - b A ol
4. auulTsAnswuhansmenwiuInITsuuunislwnsen fs MTHFR
= had A A o - [J 1 []
677CT/1298AC LﬂuﬁmuLaumm'lviqm'lum‘sﬁtﬂuhnmnumummu'[mmn

v o [ al ¢ 19
ﬂ?ﬂﬂﬂﬁﬂ&:ﬂﬂﬁﬂﬂljﬂ‘ﬁﬂlﬁﬁﬂﬂu 44



&3

1. limamufintsudiidialsadsaiuaafiannnmanaeiufasialududsi
wiannmInmeWuid 1w 'lwm:ﬁmmmuﬁulfﬁ wmautnarariliifialiefiddnsme
mandfinfiuandraniwldunn eaudriliisanufinsuddufisaufismaieunia

2. luﬂu'l'nuﬁmj:umn'nmaazi’aoﬁ'laimuﬁﬂ paunraululan Tunaiisnwmenig
ARWN ua:n'nnmﬁﬁ'mfﬁLmncmmnﬁumﬁﬁu Faganndan1ndonitnrsaavinademas

wealfuanns
L o =y
1DNHITD DY

1. Shotelersuk V, Ittiwut C, Srivuthana S, Mahatumarat C, Lerdlum S, Wacharasindhu S.
Distinct craniofacial-skeletal-dermatological dysplasia in a patient with W290C mutation in
FGFR2. Am J Med Genet 2002;113(1):4-8.

2. Shotelersuk V, Punyavoravud V, Phudhicharednrat S, Kukulprasong A. An Asian girl
with a 'milder’ form of the Hydrolethalus syndrome. Clin Dysmorphol 2001;10(1):51-5.

3. Shotelersuk V, Punyashthiti R, Srivuthana S, Wacharasindhu S. Kabuki syndrome:
report of six Thai children and further phenotypic and genetic delineation. Am J Med Genet
2002;110(4):384-90.

4, Shotelersuk V, Desudchit T, Suwanwela N. Postnatal growth failure, microcephaly,
mental retardation, cataracts, large joint contractures, osteoporosis, cortical dysplasia, and
cerebellar atrophy. Am J Med Genet 2003;116A(2):164-9.

5. Shotelersuk V, Shuangshoti S, Chotivitayatarakorn P, Chouwsrikul W, Wattanasirmkit
V, Maneesri S, et al. Clinical, pathological, and electron microscopic findings in two Thai
children with Pompe disease. J Med Assoc Thai 2002;85 Suppl 1:5271-9.

B. Shotelersuk V, Srivuthana S, Wacharasindhu S, Dhamcharee V, Jaruratanasirikul S,

Pangkanon S, et al. Establishing gas chromatography-mass spectrometry to diagnose



organic acidemias in Thailand. Southeast Asian J Trop Med Public Heaith 2000;31(3):566-
70.

7. Shotelersuk V, Tosukhowong P, Chotivitayatarakorn P, Pongpuniert W. A Thai boy
with hereditary enzymopenic methemoglobinemia type Il. J Med Assoc Thai
2000;83(11):1380-6.

8. Wacharasindhu S, Srivuthana S, Aroonparkmongkol S, Shotelersuk V. A cost-benefit
of gnRH stimulation test in diagnosis of central precocious puberty (CPP). J Med Assoc
Thai 2000;83(9):1105-11.

9. Shotelersuk V, lttiwut C, Srivuthana S, Wacharasindhu S, Aroonparkmongkol S,
Mutirangura A, et al. Clinical and molecular characteristics of Thai patients with
achondroplasia. Southeast Asian J Trop Med Public Heaith 2001;32(2).429-33.

10. Shotelersuk V, Srivuthana S, Ittiwut C, Theamboonlers A, Mahatumarat C,
Poovorawan Y. A case of Pfeiffer syndrome type 1 with an A344P mutation in the FGFR2
gene. Southeast Asian J Trop Med Public Health 2001,;32(2):425-8.

11. Sunthornyothin S, Sinthuwiwat T, Shotelersuk V. A RET C634R mutation in a Thai
fernale with multiple endocrine neoplasia type 2A. J Med Assoc Thai 2003;86 Suppl 2:5472-
6.

12. Tangnararatchakit K, Ariyaprakai W, Tapaneya-Olarn W, Shotelersuk V, Petchthong
T. Cystinuria: cause of recurrent renal stones in a 4-year-old girl. J Med Assoc Thai 2002;85
Suppl 4:51281-6.

13 Shotelersuk V. Molecular diagnosis of dysmorphic syndromes and inherited
metabolic disorders in Thailand. J Med Assoc Thai 2003;86 Suppl 2:5129-34.

14. Shotelersuk V, Punyashthiti R. A novel mutation of the COMP gene in a Thai family
with pseudoachondroplasia. Int J Mol Med 2002:9(1):81-4.

15. Champattanachai V, Ketudat Cairns JR, Shotelersuk V, Keeratichamroen S,
Sawangareetrakul P, Srisomsap C, et al. Novel mutations in a Thai patient with

methyimalonic acidemia. Mol Genet Metab 2003;79(4):300-2.



16. Shotelersuk V, Srichormthong C, Yoshiura K, Niikawa N. A novel mutaticn,
1234del(C), of the IRF6 in a Thai family with Van der Woude syndrome. Int J Mol Med
2003;11(4):505-7.

17. Shotelersuk V, Mahatumarat C, Ittiwut C, Rojvachiranonda N, Srivuthana S,
Wacharasindhu S, et al. FGFR2 mutations among Thai children with Crouzon and Apert
syndromes. J Craniofac Surg 2003;14(1);101-4; discussion 105-7.

18. Shotelersuk V, Ittiwut C, Shotelersuk K, Triratanachat S, Poovorawan Y, Mutirangura
A. Fibrobtast growth factor receptor 3 S249C mutation in virus associated squamous cell
carcinomas. Oncol Rep 2001;8(6):1301-4.

19. Shotelersuk V, Ittiwut C, Siriwan P, Angspatt A. Maternal 677CT/1298AC genotype of

the MTHFR gene as a risk factor for cleft lip. J Med Genet 2003;40(5).e64.



Qutput

1. Hﬂﬂ"l%ﬁﬁﬂﬂﬁl%‘niﬁ’ﬁ%ﬁ']ﬂ']‘i%']%’]?ﬂﬁ

1. Shotelersuk V, Ittiwut C, Srivuthana S, Mahatumarat C, Lerdlum S, Wacharasindhu S.
Distinct craniofacial-skeletal-dermatological dysplasia in a patient with W290C mutation in
FGFR2. Am J Med Genet 2002;113(1):4-8.

2. Shotelersuk V, Punyavoravud V, Phudhichareonrat S, Kukuiprasong A. An Asian girt
with a 'milder’ form of the Hydrolethaius syndrome. Clin Dysmorphol 2001;10(1):51-5.

3. Shotelersuk V, Punyashthiti R, Srivuthana S, Wacharasindhu S. Kabuki syndrome:
report of six Thai children and further phenotypic and genetic delineation. Am J Med Genet
2002;110(4):384-90.

4, Shotelersuk V, Desudchit T, Suwanwela N. Postnatal growth failure, microcephaly,
mental retardation, cataracts, large joint contractures, osteoporosis, cortical dysplasia, and
cerebellar atrophy. Am J Med Genet 2003;116A(2):164-9.

5. Shotelersuk V, Shuangshoti S, Chotivitayatarakern P, Chouwsrikul W, Wattanasirmkit
V, Maneesri S, et al. Clinical, pathological, and electron microscopic findings in two Thai
children with Pompe disease. J Med Assoc Thai 2002;85 Suppl 1:5271-9.

6. Shotelersuk V, Srivuthana S, Wacharasindhu S, Dhamcharee V, Jaruratanasirikul S,
Pangkanon S, et al. Establishing gas chromatography-mass spectrometry to diagnose
organic acidemias in Thailand. Southeast Asian J Trop Med Public Health 2000;31(3):566-
70.

7. Shotelersuk V, Tosukhowong P, Chotivitayatarakorn P, Pongpunlert W. A Thai boy
with hereditary enzymopenic methemoglobinemia type ll. J Med Assoc Thai
2000;83(11):1380-6.

8. Wacharasindhu S, Srivuthana S, Aroonparkmongkol S, Shotelersuk V. A cost-benefit
of gnRH stimulation test in diagnosis of central precocious puberty (CPP). J Med Assoc

Thai 2000;83(9):1105-11.



9. Shotelersuk V, ittiwut C, Srivuthana S, Wacharasindhu S, Aroocnparkmongkol S,
Mutirangura A, et al. Clinical and molecular characteristics of Thai patients with
achondroplasia. Southeast Asian J Trop Med Public Health 2001;32(2):4238-33.

10, Shotelersuk V, Srivuthana S, Ittiwut C, Theamboonlers A, Mahatumarat C,
Poovorawan Y. A case cf Pfeiffer syndrome type 1 with an A344P mutation in the FGFR2
gene. Southeast Asian J Trop Med Public Health 2001;32(2):425-8.

1. Sunthornyothin S, Sinthuwiwat T, Shotelersuk V. A RET C634R mutation in a Thai
female with multiple endocrine neoplasia type 2A. J Med Assoc Thai 2003,86 Supp! 2:5472-
8.

12. Tangnararatchakit K, Ariyaprakai W, Tapaneya-Olarn W, Shotelersuk V, Petchthong
T. Cystinuria: cause of recurrent renal stones in a 4-year-old girl. J Med Assoc Thai 2002;85
Suppl 4:51281-6.

13. Shotelersuk V. Molecular diagnosis of dysmoerphic syndromes and inherited
metabolic disorders in Thailand. J Med Assoc Thai 2003;86 Suppl 2:5123-34.

14. Shotelersuk V, Punyashthiti R. A novel mutation of the COMP gene in a Thai family
with pseudoachondropiasia. Int J Mol Med 2002;9(1):81-4.

15. Champattanachai V, Ketudat Cairns JR, Shotelersuk V, Keeratichamroen S,
Sawangareetrakul P, Srisomsap C, et al. Novel mutations in a Thai patient with
methylmalonic acidemia. Mol Genet Metab 2003;79(4):300-2.

16. Shotelersuk V, Srichomthong C, Yoshiura K, Niilkawa N. A novel mutation,
1234del(C}, of the IRF6 in a Thai family with Van der Woude syndrome. Int J Mol Med
2003;11(4):505-7,

17. Shotelersuk V, Mahatumarat C, lttiwut C, Rojvachiranonda N, Srivuthana S,
Wacharasindhu 3, et al. FGFR2 mutations among Thai children with Crouzon and Apert
syndromes. J Craniofac Surg 2003;14(1):101-4; discussion 105-7.

18. Shotelersuk V, Ittiwut C, Shotelersuk K, Triratanachat S, Poovorawan Y, Mutirangura
A. Fibroblast growth factor receptor 3 $249C mutation in virus associated squamous cell

carcinomas. Oncol Rep 2001;8(6):1301-4.



19. Shotelersuk V, Ittiwut C, Siriwan P, Angspatt A. Maternal 677CT/1298AC genotype of
the MTHFR gene as a risk factor for cleft lip. J Med Genet 2003;40(5):e64.

2, msvsacwidelyinlselosd

Iebmsnuasnarlureutfe uaslhmualunmlsegudn 9 vadssne 1k
INAINTHRUMINEIRY THwadiT lwgnaninbud amndugzmwursmaum
i Twenawszangind aninedodolni uninmdvveuunu Lazamying sy
GALITY

waeRnTInlna TduLFggnin 4 v ldun wsgwed Bn5idl winafauwa 3
FBUNDI UWENAFIUTZM NaIndLINTs wiamiTan ﬁuq’ni’mﬁ

& AL o & s v oy A ey , el -
uﬂnmnunmﬂumLﬂum:'[u'uuua:'lﬁhiumnumammgimfﬂunquﬂumwwmi

u.cir’nLﬁﬂtta:nsjuTiﬂﬁ’uqniiuLuwnu ARNMAILATOLAT



NIAHNWAIN



~
UNANUN 1



American Journal of Medical Genetics 113:4-8 (2002)

Distinct Craniofacial-Skeletal-Dermatological
Dysplasia in a Patient With W290C Mutation

n FGFR2
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Mutations in the fibroblast growth factor
receptor genes (FGFR) have been known to
be associated with many craniosynostosis
syndromes with overlapping phenotypes.
We studied a 15-year-old Thai boy with
an unspecified craniosynostosis syndrome
characterized by maultiple suture cranio-
synostoses, a persistent anterior fontanel,
corneal scleralization, choanal stenosis,
atresia of the auditory meatus, broad
thumbs and great toes, severe scoliosis,
acanthosis nigricans, hydrocephalus, and
mental retardation. Radiography revealed
bony ankyloses of vertebral bodies of T9-12,
humero-radio-ulnar joints, intercarpal
joints, distal interphalangeal joints of fifth
fingers, fibulo-tibial joints, intertarsal
joints, and distal interphalangeal joints of
the first toes. The patient was a heterozy-
gous for a 870G — T change resulting in a
W290C amino acid substitution in the extra-
cellular domain of the fibroblast growth
factor receptor 2 gene (FGFR2). This muta-
tion has previously been reported in a
patient with severe Pfeiffer syndrome type
2 that is distinct from the craniosynostosis
in our patient. These findings emphasize
locus, allelic, and phenotypic heterogeneity
of craniofacial-skeletal-dermatological syn-
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INTRODUCTION

At least 100 syndromes are associated with cranio-
synostosis and are classified based upon clinical fea-
tures [Muenke and Wilkie, 2001]. Recently, many of the
craniosynostosis syndromes, including Crouzon syn-
drome (MIM 123500), Apert syndrome (MIM101200),
Pfeiffer syndrome (MIM 101600), Muenke syndrome
(MIM 602849), Jackson-Weiss syndrome (MIM 123150),
and Beare-Stevenson syndrome (MIM 123790} were
discovered to be associated with mutations in the fibro-
blast growth factor receptor genes (FGFR) [Passos-
Bueno et al, 1999]. Here we present a case of
unspecified craniosynostosis with an FGFR2 mutation.

MATERIALS AND METHODS
Clinical Report

The patient was a 15-year-old Thai boy. He was born
at full-term by natural spontaneous vaginal delivery
after an uncomplicated pregnancy with a birth weight
of 2,850 g to a 28-year-old, gravida 2, para 1 mother and
her 28-year-old unrelated husband. Family history
was unremarkable. At birth, the patient was noted to
have craniosynostosis of several cranial sutures, severe
midface hypoplasia and noisy breathing. Bilateral
inguinal hernias were also noted, which was surgically
corrected at age 10 months. At age seven months, a
ventriculoperitoneal (VP) shunt was placed for hydro-
cephalus, At four years, he underwent total calvarial
vault reconstruction with fronto-orbital advance-
ment. At approximately 10 years of age, he developed
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erpigmentation at skin areas and hyperkeratosis scars on his scalp, high forehead, depression over the
sistent with the diagnosis of acanthosis nigricans. supraorbital ridges and temporal areas, down-slanting
hen evaluated by us at age 15 years, physical exa- palpebral fissures, shallow orbits with severe ocular
ation revealed a weight of 38 kg (-1.5 8D), height proptosis, exotropia, bilateral corneal scleralization,
24.5 em (-6 8SD), and OFC of 52 em (-2 8D). The and corneal scars with vascularization of corneae and
rior fontanel was still open and measured 0.5 x  conjunctivae (Fig. 1A-B). Bilateral choanal stenosis,
cm. He had turribrachycephaly, several surgical maxillary hypoplasia, severe underbite, inverted-V-

B

Postoperative appearance of the patient at age 15 y-:ars. A: Note cloverleaf skull, severe ocular proptosis, scleralization of corneae, low-set ears,
rognathia, acanthosis nigricans of periorbital, perinasal, and periorbital areas. B: Note abnormal position of joints. C: Acanthesis nigricans of the

: Broad and laterally deviated halluces.
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Fig. 2. Radiographs. A: Note complete fusion of the humerus, radius, and ulna prohibiting any motion at the right elbow, B: Tibulofibular fusion at the
right knee. C: Severe scoliosis and fusion of vertebral bodies of T9 ta T12. I: Brain computer tomography with tweo-dimension multiplanar reconstruction

showing microcephaly and severe maxillary hypoplasia.

shaped palate, and noisy breathing were noted. Ears
were low-set and external auditory canals were atretic.
Acanthosis nigricans involved the periorbital, perina-
sal, perioral areas, and neck and axillae (Fig. 1C). The
chest wall was asymmetric and severe scoliosis was
detected. Examinations of his heart and lungs were
unremarkable. His elbows, hips, and knees were fixed
at approximately 150 degrees. His thumbs and great
toes were broad with the great toe/second toe ratio of 2.0

on the left and 2.12 on the right. The halluces were in
valgus position (Fig. 1D}. He was unable to talk but able
to follow simple commands. His vision and hearing
were severely impaired. He had light perception. Brain
stem auditory-evoked potentials revealed hearing at
approximately 45 and 60 decibels on the right and left,
respectively. Electrocardiogram showed no evidence of
right heart hypertrophy. Routine laboratory tests were
all within the normal limits. Radiography revealed



bony ankyloses of T9-12 vertebral bodies, the humero-
radio-ulnar, intercarpal, and distal interphalangeal
joints of the fifth fingers and first toes, and of the
fibulo-tibial and intertarsal joints (Fig. 2A—C). Com-
puted tomography of the skull and brain revealed
microcephaly, hydrocephalus with a ventriculoperito-
neal shunt, and severe maxillary hypoplasia (Fig. 2D).

Mutation Analysis

After informed consent was obtained in accordance
with the standards set by the local institutional review
boards, DNA was extracted from the patient and his
parents by a standard method. FGFR2 exon 8 and
FGFR2 exon 10 were PCR-amplified. Primers, anneal-
ing temperatures and PCR procedures were as
described previously [Shotelersuk et al., 2001]. PCR
products were electrophoresed on a 2% agarose gel
(Promega, Madison, WI) and stained with ethidium
bromide. DNA on visualized bands was extracted with a
kit (Bio 101, Carlsbad, CA), and sequenced in both
directions with an automated DNA sequencer (ABI
Prism 310 Genetic Analyzer, Perkin Elmer, Foster
City, CA).

A heterozygous G — T transversion at nucleotide 870
was identified in FGFR2 exon 8 of the patient (data
not shown). Nucleotide sequence of FGFR2 exon 10 of
the patient, and those of FGFR2 exons 8 and 10 of his
parents, were normal (data not shown).

DISCUSSION

The salient features in our patient were multiple
suture craniosynostoses, corneal scleralization, chea-
1al stenosis, atresia of auditory meatus, broad thumbs
ind great toes, muitiple bony ankyloses, severe scolio-
sis, acanthosis nigricans, hydrocephalus and mental
‘etardation. These clinical features do not fit any known
raniosynostosis syndromes (Table I).

Although acanthosis nigricans can be associated with
ype II diabetes mellitus (DM}, patients with acanthosis
rigricans and congenital disorders such as Crouzon
swwndrome did not have DM [Wilkes et al., 1996]. Our
iatient had a normal fasting glucose level and an oral
rlucose tolerance test showing no evidence of abnormal
rlucose metabolism. Craniosynostoses with acanthosis
ligricans can result from either of mutations in FGFR2
Beare-Stevenson syndrome), or in FGFR3 (Crouzon
yndrome and acanthosis nigricans, CAN) [Passos-
Jueno et al., 1999].

Our patient was heterozygous for an 870 G-to-T
nutation in FGFR2, leading to a substitution of a cys-
eine for the normal tryptophan at codon 290 (W290C).
'he mutation was not found in either of his parents, the
mding indicating that the mutation was de novo type.
he same mutation has previously been reported in a
smale patient with Pfeiffer syndrome [Schaefer et al,,
998]. Unlike our patient, she had normally formed
orneae, a urogenital septum defect, bilateral temporal
ncephaloceles, patent ductus arteriosus, atrial septal
efect, and no fusion of the vertebral, fibulo-tibial,

TABLE 1. Clinical Features in Patients With Craniosynostosis

Crouzon with

Beare-Stevenson

Apert
syndrome

Crouzon Antley-Bixler
syndrome

Pfeiffer

acanthosis
nigricans

Previously reported

patient with W280C

Our
patient

Craniofacial-Joint-Skin Dysplasia

syndrome

syndrome

syndrome

Clinical findings
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Craniosynostosis
Hydrocephalus

Acanthosis nigricans

Broad thumbs and great toes
Deviation of great toes
Choanal atresia/stenosis
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Atresia of auditory meatus

Ankyloses

+/-
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Ocular anterior chamber dysgenesis

P+
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+/-
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Radiographic findings of achendroplasia

Mental retardation
Early death
Inheritance
Mutation

-
AD
FGFR2
Several
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AD
FGFR1/2
Several

AD

FGFR3
A391E

FGFR2
W290C

FGFR2
W200C

Y375C

P253R

Others

+, tcommon or present; +/—, occasional; —, uncommeon or not present; ?, unknown.
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intercarpal, intertarsal, and interphalangeal joints; she
died at the age of 10 days. If she had survived to an
older age, acanthosis nigricans and bony fusion, which
are present in our patient, might have been observed.
In contrast to our patient with halluces extended
a valgus deviation, the halluces in the patient by
Schaefer et al. [1998] were in varus position. Even
though clinical manifestations were similar between
the two patients with W290C, the natural history was
quite different: one died at age 10 days, the other has
survived to adolescence. This observation emphasizes
phenotypic heterogeneity of the mutation, which could
be accounted for by different modifier genes and diverse
environmental factors.

Other amino acid changes, e.g., a substitution of tryp-
tophan to arginine or to glycine, at the same codon of
FGFR2 resulted in milder forms of craniosynostosis,
such as either classic Crouzon syndrome or an atypical
Crouzon syndrome [Oldridge et al., 1995; Park et al,,
1995; Meyers et al., 1996; Steinberger et al., 1996].
Cysteine crosslinking forming immunoglobulin-like
hoops typifies the region around codon 290 of the
fibroblast growth factor receptor {Zhang et al., 1999],
and an additional cysteine predicted by the mutation
in our patient may lead to aberrant crosslinking and
severe changes in the secondary and tertiary structure
of the protein.
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Hydrolethalus syndrome is an autosomal recessive disorder characterized by hydrocephalus, micrognathia, limb
anomalies and several other abnormalities, mostly in the midline structures. The syndrome was first described in Finland,
where the incidence is approximately 1 in 20 600. All of the Finnish patients were stillborn or died daring the first day of
life, Only three non-Finaish cases have survived beyond the neonatal period. Here, we report the first Orieatal girl with a
‘milder® form of hydrolethalus syndrome. The patient died at age 44 days making her the foucrth reported case surviving
beyond the neonatal period. The cese supports the concept of a ‘mlilder’ form of the syndrome. Whether this spectrum is

due to allelism or I~cus heterogeneity awaits molecular analysis.
Clin Dysmorphol 10: 51-55 © 2001 Lippincott Williams & Wilkins

Keywords: hydrolethalus syndrome

INTRODUCTION

Hydrolethalus syndrome is an autosomal recessive
disorder characterized by severe prenatal onset hydro-
cephalus, a ‘key hole-shaped” foramen magnum, hypo-
plastic eyes, a broad nasal root, cleft palate, malformed
low-set ears, micrognathia, limb anomalies, and other
abnormalities of the interna! organs. 1t is most common
in Finland. Stillbirth or early death is considered to be
the rule (Salonen and Herva, 1990). The gene respon-
sible has recently been mapped to chromosome 11q23-
25 (Visapaa et al., 1999). Here, we report an Oriental
girl with a *milder’ form of hydrolethalus syndrome.
The patient had typical craniofacial features except for
micrognathia. No internal organ anomalies were found.
In addition, the patient suwwed beyond the neonatal
period.

0962-8827 1~ 2001 Lippincott Williams & Wilkins

CASE REPORT

A female infant was bom at 39 weeks to a 30-year-old
G1P0 Thai mother and a 32-year-old unrelated Thai
father. There was no known exposure to infections,
teratogenic agents, or other environmental hazards.
Serology for HbsAg, HIV, and VDRL were negative.
The pregnancy was complicated by polyhydramnios.
Ultrasonography performed one day before delivery
revealed marked hydrocephalus. A cesarean section
was performed because of the large head size and
breech presentation. Birth weight was 3650 g. Apgar
scores were 5 at 1 min and 7 at 5 min. The placenta
appeared normal, weighed 480 g, and the umbilical
cord length was 34 cm.

The infant had several anomalies mcludmg a mark-
edly enlarged head with head circumference of 42 cm,

Clinical Dysmorphology 2001, Vol 10 No 1 51



aplasia cutis of the scalp (1 cm in diameter) on the left
side of the parietofrontal area, frontal bossing, mal-
formed low-set ears, hypertelorism, small and deep-set
eyes, a poerly formed and bifid nose, a midline cleft
upper lip and a cleft palate (Figure !). The mandible
was not small. Her neck was broad in proportion to her
shoulders. Examination of the extremities revealed a
tight clubbed foot. There was no polydactyly or hallux
duplex. Cardiac, pulmonary, abdominal and genital
examinations were unremarkable,

A diagnosis of hydrolethalus syndrome was made
soon after birth. Genetic counselling was provided to
the family. Only supportive care including infant
formula feeding through an orogastric tube was given
to the patient. The patient remained medically stable
for 38 days, then started to have respiratory distress,
intermittent cyanosis, apnea, and bradycardia and died
at age 44 days.

Chromosomal analysis revealed a normal 46, XX
karyotype. Ulirasonography of the head, heart, and
whole abdomen performed shortly before the patient

SHOTELERSUK ET AL,

died revealed only severe hydrocephalus. No cardiac or
urinary tract anomalies were identified. Postmortem
skull X-rays revealed an abnormal shape of the opening
in the base of skull (Figure 2). Radiographs of the other
parts of the body were unremarkable. At autopsy the
infant weighed 4700 g. Examination of the calvaria
showed widely separated sutures and fontanelles. The
bony cleft extended posteriorly from the foramen
magnum to form an abnormal shape of the opening in
the skull base (Figure 2). The brain weighed 570 g and
displayed severe hydrocephalus involving the cerebrum
but sparing the brain stem and cerebellum. Upon
sectioning, the brain showed a dilatation of the third
and lateral ventricles but a normal fourth ventricle.
Microscopic examination confirmed the presence of
aqueduct stenosis. In addition, thinning of corpus
cdllosum, absence of the septum pellucidum and
flattening of cerebral cortex were observed. The left
eye was severely microphthalmic and the right eye was
absent. The other internal! organs were anatomically
normal.

Table 1 Features of non-Finnish patients with hydrolethalus-like syndrome

Fealures Present case Torieflo et al. {1985) Aughton ef al. (1987)
Polyhydramnios + + +
Praterm delivery - + -
Hydrocephaly + + +
Other CNS matformations Absence of septum pellucldum  Rudimentary olfactory and optic Porencephaly, encept.alocele,
nerve complex. Diffusely hypoplastic cerebellar
polymicrogyric cerebrum and hemispheres, abnormally
cerebellum shaped medulla, absent septum
peliucidum, and a partial defect
in the corpus callosum,
ventricles open {o subarachnoid
space
Abnormally shaped foramen  + + =
magnum
Aplasia cutis + - -
Frontal bossing + + +
Hypertelorism + + N/A
Hypoplastic eyes + + -
Malformed low-set ears + + +
Poorly lormed nose + + -
Cleft lip/palate + + Only a small clett of the
secondary palate
Micrognathia - + +
Preaxial polydactyly - - Both feet
Central polydactyty - - -
Post-axial polydactyly - - Both hands
Club feet + - =
Gther internal organ - Bilaterat puimonary agenesis Congenitat heart defect, genital
involvernent anomalies
Ethnicity Thai Black European/LebanorvAmerindian
Consanguineous family history - - -
Age at death 44 days 8 minutes > 5 months

N/A, data not available.

52 Clinical Dysmaorphotogy 2001, Vol 10 No |
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DISCUSSION

Hydrolethalus syndrome was first described in the early
1980s (Salonen et al., 1981). Since then, more than 90
cases have been reported (Salonen er al., 1981; Adetoro
et al., 1984; Toriello et al., 1985; Aughton and Cassidy,
1987; Anyane-Yeboa et al, 1987; Krassikoff er al,
1987; Bachman et al., 1990; Salonen and Herva, 1990;
Pryde et al., 1993; Morava ef al., 1996; de Ravel ef al.,
1999; Visapaa et al., 1999). The majority of them (81
cases) are from Finland, where the incidence has been
approximated to be at least 1:20000 (Salonen and
Herva, 1990). All of the Finnish cases were stiliborn or
died during the first day of life (Salonen and Herva,
1990; Visapaa et al, 1999). The syndrome has been
reported in other ethnic groups including Afro-Carib-
bean, Lebanese, Arab, Mexican, and Eurcpean. Only
three cases survived beyond the neonatal period (Table
1.

Hydrolethalus syndrome is currently a clinical diag-
nosis. Here we report an Oriental female patient who

had several major anomalies consistent with the
syndrome including severe hydrocephalus from aque-
ductal stenosis, the ‘key hole-shaped’ foramen mag-
num, absence of septum peliucidum, hypoplastic eyes,
low-set malformed ears, cleft lip and palate and ciub
foot. However, the patient seemed to have a milder
form of the disorder. She did not have micrognathia,
previously claimed to be present in 100% of the
syndrome. Cardiopulmonary, gastrointestinal, urinary
and reproductive systems in this patient were anatomi-
cally normal. A previous review article reported
congenital heart disease in 46% of patients, defective
lobulation of the lungs 62%, abnormal larynx/trachea
58%, urinary tract anomalies 16%, and uterus duplex in
females 52% (Salonen and Herva, 1990). In addition,
the patient died at age 44 days. There have been only
three previously reported cases of hydrolethalus where
the infant survived beyond the neonatal period
(Aughton and Cassidy, 1987; Anyane-Yeboa et al,
1987; de Ravel er al, 1999). All of them were non-
Finnish. Features of non-Finish cases with a milder

Anyane-Yeboa et al, (1987} Morava et al. (1996}

de Ravel et al. (1999}

N/A -

+ +
A Dandy-Walker malformation, absent

+

<+

A Dandy-Walker malformation, agenesis of A Dandy-Walker malformation, cerebelliar

offactory bulbs corpus caliosum, absence of cerebeliar hypoplasia, absent corpus callosum
vermis

- + N/A
+ - -

+ N/A N/A
+ Low-set but not malformed -

+ — —

+ - -

+ + N/A
Both feet Right hand and both feet -
Left hand . - -

- Right foot and left hand -
Accessory spleens - N/A

Arab

+

17 days (1st case) and 4 months (2nd
case)

Hungarian

5 days

Portuguese/German/South African

7 months

Clinical Dysmorphology 2001, Vol 10 No |
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This case supports the concept of a ‘milder’ form of
the syndrome and the founder effect in the Finnish
population for the severe form. Whether this spectrum
is due to allelism or locus heterogeneity awaits
molecular analysis.
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Clinical Report

Kabuki Syndrome: Report of Six Thai Children and
Further Phenotypic and Genetic Delineation
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We describe six Thai children with the
Kabuki syndrome. Monozygotic twin boys
discordant for the syndrome were encoun-
tered in a family. The affected twin had all
five cardinal features of the syndrome,
whereas the unaffected twin had none of
them. The presence of monozygotic twins
discordant for the syndrome argues against
a single gene origin of the disorder, but by
no means excludes it. In another family, a
mother had a facial appearance similar to
her affected son. Lower lip pits with or
without symmetrical lower lip nodules were
present in three of the six children, and
pilonidal sinus was seen in five children.
These clinical manifestations were much
more common than previously described.
Other inconsistent findings included early
eruption of the lower central incisors, a skin
defect of the head, and tramsient hyper-
thyrotropinemia in infancy.
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INTRODUCTION

Kabuki syndrome (KS), first described in 1981
[Kuroki et al., 1981; Niikawa et al., 1981], is character-
ized by peculiar facies, dermatoglyphic abnormalities
with persisting fingerpads, skeletal anomalies, mild to
moderate mental retardation, and postnatal growth
deficiency [Niikawa et al., 1988). To our knowledge, a
total of 246 patients have been reported in the lite-
rature. Several possible etiologies have been proposed,
including chromosomal abnormalities [Fryns et al.,
1994] and an autosomal dominant disorder with vari-
able expressivity [Courtens et al., 2000]. However, the
true cause of the syndrome remains unknown.

Here we describe six Thai children with KS. Some of
their clinical manifestations are much more common
than deseribed previously, and a few have not been
previously described. Manozygotic twin boys discordant
for the syndrome are described.

SUBJECTS AND METHODS

Six children with KS were identified and studied
in the Genetics Clinic of the King Chulalongkorn
Memorial Hospital during the 2-year period from July
1999 to June 2001. Parents of all six patients were
nonconsanguineous.

Patient 1

Twin boys were born at 32 weeks of gestation to a
20-year-old GIPO mother and a 33-year-old father.
Besides the twinning, the pregnancy and labor were
uncomplicated. There was no history of fever, rash,
spotting, tobacco, alcohol, illicit drug use, or x-ray expo-
sure during the pregnancy. The twins stayed in the
hospital for 7 weeks and 9 weeks, respectively, after bu'th

Twin A walked and spoke at age 14 months. At his
last visit at age 9 years, he was ranked 22nd of
43 students in his third-grade class and measured
125.8 cm (—0.5 SD), weighed 19.9 kg (—1.5 8D), «'_:lnd had
an OFC of 51 em (-1 SD). Physical examination was
unremarkable (Fig. 1).
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Fig. 1. Patient I and his monozygotic twin. A: Growth failure in twin B {right). B: Long palpebral fissures and large and prominent ears in twin B (left).

3: Left fourth finger of twin A (normal). D: Finger pad in twin B.

Twin B (patient 1) first rolled over at age 12 months,
iat at 2 years, crawled at 3 years, walked at 4 years, and
ipoke at 6 years. At age 9 years, his vocabulary was
tpproximately 10 words, and he could follow simple
ommands, run, and walk up and down stairs. Besides
| febrile seizure at age 4 years, he had been healthy.
"he twins’ father and two uncles also had histories of
ebrile seizures. At age 9 years, he measured 116 em
—2 SD), weighed 16 kg (-2 SD), and had an OFC of
9 cm (-3 SD). He showed growth failure (Fig. 1A), long
velashes, ectropion of the lateral lower eyelids, and
arge and prominent ears (Fig. 1B). His right ear was
nalformed and his left ear had a scar aeross the pinna.

He had a short linear scar on his abdominal wall above
his umbilicus. He had brachydactyly and prominent
finger pads of bilateral third and fourth fingers (Fig. 1C).
His IQ was estimated at 59. He had bilateral severe
sensorineural hearing loss. Bone age at the chronologi-
cal age of 8% years was 6 years. Chromosomes were
normal: 46,XY. FMR] methylation PCR analysis for
fragile X syndrome was negative. Thyroid function tests
(thyroxine [T4] and thyroid-stimulating hormone [TSH])
at age 9 years were normal.

Analysis of microsatellite markers was performed in
the twins as previously described [Shotelersuk et al.,
1999]. Thirteen markers on 11 chromosomes were inter-



