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Abstract

It was known that prenatal alcohol exposure may cause serious birth defects and
developmental disabilities. The molecular mechanism of this fetal alcohol syndrome
still remains unclear. As revealed by whole mount RNA in situ hybridization, it was
shown that expression of a number of craniofacial cartilage-related genes, including
shh, sox9a, sox9b, col2al and hand2, were all inhibited in zebrafish embryo by
alcohol exposure. It suggests that alcohol exposure may result in reducing neural crest
cell production, interfering neural crest migration, preventing chondrogenesis and
eventually cause craniofacial defects. In addition, the transcriptional profile of
pituitary hormones were investigated by RNA in situ hybridization. It appears that
only growth hormone, but not prolactin and thyroid stimulating hormone, was
inhibited by alcohol exposure. The reduction of growth hormone transcription was
also confirmed by real time PCR. It also appears that the expression of upstream
transcription factor pitl and downstream target gene igfl remains unchanged. It
suggests that the reduction of gh transcription is mediated by a PIT1-independent
pathway. The transcriptional profile of alcohol-exposed embryo was investigated by
gene microarray analysis. It appears that the expression profiles of a number of
development, cellular signaling, cell growth and apoptosis related genes have be
affected by 1.5% alcohol treatment. It was noted that a number of retinal-specific
genes were all repressed significantly. It consists with histochemical observation that
alcohol exposure results in loss lamination and disturbed differentiation. This study

help us understanding the molecular mechanism of fetal alcohol syndrome.
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i g Z A Alcian Blue )~ F[3FI( glycerol )~ i3 5% &3k (PBS, Phosphate Buffered
Saline) ~ 37%}f{% (Hydrochloric Acid) ~ = F'I% (Xylene) ~ f[3f1 (Glycerol) ~
iR = 3%& ( Gill-Hematoxyl ) ~ #15 (Eosin) ~ [t ( Methanol ) ~ 'l T
( Formamide )~ -3 ( Heparin )~ [§2) fxi tRNA( Yeast tRNA )™ 4%~ [&( Maleic
acid ) » Bi’i’ff“ﬁj (blocking reagent) ~ &\ [*&| (NaCl) ~ & [*% (MgCly) ~ = ¥
PUEL Z BL P15 (Tris-HCI ) ~ Tween20 ( polyoxyethylene (20) sorbitan
monolaurate ) ~ BCIP ( 5-bromo-4-chloro-3-indolyl phosphate, toluidinium sal )

NBT (nitro blue tetrazolium) -

=~ EREYHE]
S 17 (2% trypsin-EDTA)

&F 175 (50ng/ml Proteinase K )

IER :g‘/,'%%%wpmj
(— ) 0.37%}J%
2.5ml 37%}ET%
247. 5ml ZxE8-<
(Z ) PRIETE
140ml 1009658157 ks
6oml 0. 379%fI%
() 0.1% [Fars
E@‘I‘iiﬁl** 50ml
&x}ﬂflg‘;‘* ;f\ 5g
(Z)  0.5%;jfrk5  0.075ml 100%x¢13 ,ﬁp‘l*%ﬂ[l?ﬁ?ﬁ%:fﬂ 500ml -
1%jfiiE  0.75ml 100%sxetS5H 1A i< 7% %] 500ml >
L5%fikE  7.5ml 100%s¢i s kg - %] 500ml »
(7 ) 70% F[3f 35 ml F[ 3 15 ml 25 -
() BHEEGEER (PBS, Phosphate Buffered Saline )

NaCl 89
KCI 0.4g
Na;HPO, 2.88g
KH,PO, pH7.4 0.48g



ASEHT 1000 ml

(") A%FRPIE 4 g P71 100 ml PBS -
() PBT
I} PBS Ticliz] 0.1%Tween 20
(1) 75%F 1fH+25%PBT 75ml [ I 25ml PBT »
50% ' fifi+50%PBT 50ml i 50ml PBT »
25% ' i+ 75%PBT 25ml [ I 75ml PBT -
(14— ) 20xSSC
NaCl 87.64¢
Na citrate 44.19
A5 500ml
(4= ) HYB
50-70% Formamide
5x SSC
0.1% Tween20
(4 =) HYB’
HYB PJFA»[?J
50 1z g/ml Heparin
500 1 g/ml Yeast tRNA

G REDEL RS [l&q/g\l(rrz ( Maleic acid buffer )
100mM Maleic acid
150mM NacCl
0.1% Tween20
(4 7)) B;’itﬁ»?f& (blocking solution )
19 blocking reagent
100ml Maleic acid buffer

(4 -+ ) NTMT
0.1M NaCl
0.1% Tween20
50mM MgCl,
0.1M Tris-HCI
(4 ) [ <vH|(BCIPINBT)
= 1ml NTMT i 35ul BCIP

45 1| NBT
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J‘Wﬂﬁﬂ?“%%%@%ﬁEﬁﬁgﬁf’iﬁﬂ/ Pt =N N P SN AR R =S
SR AR R E ﬁfj o
T~ PEET VR T OREEIRT 96 hpf ZER FIpEE Y] Eﬁiﬁg‘t}ﬁfjg—g{pg' .
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70C S+ AT F ##-DIG 41

B ————> 14~16hr -
|

4CUF

10



6. HeE
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A PRHETRETE SR [F BRI SR A Y = SR e
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2. P VRV RSP 96 hpf EFS FUpR T R T A S i o

B ={Eﬁ*ﬁ'i;°=‘-ﬁ@ﬁ;w]

B. 0.5%] k% C. 1.0% %% D. 1.5%] 144

R L‘Vﬁﬂri 96hpf R P FI =t R bl Kb i WP AR T
%o 4 &Aﬁ*?ﬁq:ﬁ? = 9Bhpf [Rf A1 | [ 8 B ERE i Pt mh e - I
B R 7 S ) R < SRS O R PR 0 Y R g
(neurocranium, NC) I'J X9 (‘pharyngeal arches, PA) (Kimmel et al., 2001) -
o AR YT ﬁJﬁTEJFIHI ST A E b = A A (=)
R AT RIS OB SRS PR o[ E Rl pufas > - EURLE) 1.5%i 1k
rﬁ%’ﬁ”‘?’i FETSRTHISTE > SR AL IHTI IRV SY SRS SR
SRR PR A 0 5T SE BT SERITT I = 3k

3. PRSP TP £ 02 R PIOR
3L 537

3.1shh FLpNpvisEs
P : [shh-25hpf ({R] ~ D]

. \
- . 8 *
™ -
» ‘ .
L. WT (EIFR) B.WT (&) C.LSIERE (BIR) D 1swiEs (ER)
*pReR T A A 7L
SHH (sonic hedgehog) L~ 7 AT RR LAY TP g 1T e B TRaE )
F’[U%ﬁ%ﬁﬂj%ﬂﬁﬂﬁiﬁiﬁl BIfE e ﬁp?ﬁﬁﬁfi‘lﬁﬁ?}ﬁ@éﬁ:ﬁ]fJE*Eﬁ;@ BT
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U1 shh ﬁlﬁdﬁ*i?EIU?‘*%J&E@?]H'Elfi‘ifﬁﬁﬁﬁﬁﬂ 2 = @E'}’H' » shh
El[“FWZE@K'?%ﬁWﬁﬁﬁf@ﬁF@?EﬁEJ ﬁ‘J o =9 Sl SHH S 1F9RE M LR
R ﬁlﬁp’?‘/ﬁﬁplfk'ﬁ | i) PSP RLE g et S b - st b S PR
© FIIP HERZ ] SHH e 1FORF IR LIRS 258 my pORgpa L2 g i
O E AR D OB [ 35 PRI | S e P M g Pt il
(Ahlgren et al., 2002) - shh = FLGE J‘J?’EEE[JETI'E'JHlﬁ%E"WF'@E*FLi » LA
Y55 (TR E @Eﬁ%ﬁ{%‘c’w 58 E‘é?ﬁ%ﬁgﬂf@ﬁ?ﬁ? J%EJ(Davies and Miller, 2001,
Wada et al., 2005) - )9} 7+ ﬁﬁﬁﬁﬂ zona limitans intrathalamica 5525l f* shh }zt‘ﬁjﬂ‘i'ﬁgﬂ
ﬁfﬁcﬁf[ i bﬁ}ﬁ = PRpvaE ) (Scholppetal.,, 2006) -
AUERFENFEL > I shh ELpRgl s > B 25hpf (51 EJ?TEJF[ > shh
ELP*'EW:Z@%%F‘[ﬁﬁ?ﬂiﬁl*ﬁﬁ’l@?{ﬁ? Exajiaos ﬁ—”ﬁjﬁfﬁﬁfll shh 93Py AR 2
Ry F"ILEQFJ“[BEIU zona limitans intrathalamica (ZLI) - ’TFIEL?FE (floor plate)é??‘,?ﬁ:
(notochord)=; » '»‘Sfuw%:g Y)Y o RN > ST 1.5% 1FEH Jﬁfﬁf,
FE ZL Iﬁﬂr’ﬂj [ shh i~ [0 LAY =2 Rt o O E L (S (I
1) » B {1 ZLN 9 SHH ARpEIf ™ 75 0 = By e R - 200
RIS B o B 5 T P ﬁf’ﬂ7}ﬂﬁ'l shh it (RHrg s - [ RS- #pE
F“ > PR 5 ) 'ﬁ CEIRYEE o T (R e Ry e (DR
IF“J I[INE e St

3.2 sox9a == sox9b LRV

e+ [sox9a-25hpf (1) ]
’,,.K A *". -
"
A WT B. 0.596T K5 C. 1.0%i g D. 1.5%F %
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[+ : [sox9b-25hpf ({I[E )]

° 9

A WT B. L5%i¥E#

Sox9a & Sox9b £ 2" | Sry-related high mobility-group (HMG) box iz
[ PR col2al BLENAVACH - T - KT SOXO BLNPUBE (i
PEfigef (skeletal defect {1 ff[Jiis:( male-to-female sex reversal ) 7l | SOX9
P REG SR A 175 (chondrogenesis)) | il (testis ) [13% ) i -
sox9a FL[HfY mRNA K 25 hpf 5 "f?‘ﬁefﬁﬁf‘\ﬁqq‘?{ \ ﬁgfﬁjyllﬁg . Hlﬁ”ﬁ&%}[
p[EL Cmidbrain-hindbrain boundary ) ~ % (pharyngeal pouch ) I'J > & gt
pfE]E A @ (head mesenchyme ) (Yan et al., 2002) - sox9b F[J5% il [l lﬁ“‘ﬁ, .
f‘%’é%ﬁ“%@ﬁﬁﬂ"i’El@i@%@?ﬁE”i@HI(Li et al., 2002) - frl | 4 H A M [ FE
1 I'f sox9a % sox9b FL4FHERLA > 5% 25hpf EﬂjﬁFﬂJ’iT’i Cl' - ) o IR
WYL > sox9a iy mRNA K 25 hpf fU it ﬁiﬁﬂﬂ‘ﬁrﬁgj » BRI VR
PRI | b S PV AE Y - i TR sa @ PO - 3 SRR
P ERTATIA I AP 30 ~ IR E 6 (0T LR - soxOb PRV #
== sox9a A1) - IV~ B PO AL E I -

3.3 col2al L pvEE

= : [col2al-25hpf (F[AHAD]

? .

B. L5%iE ¥
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{1 (chondrocyte ) Tﬁw srf 2P (proteoglycan chondrin )
P RBIEGESE (collagen fiber) &5l - Col2al FBERGASSEH 1572 BIPVBELE
[ 1(type 11 collagen, col2al) » KL A= 9 FLTT (ECM) s EFH Y g 18T
OO BP0 RS A R« S U T

fli>col2al fiy mRNA @A Bl F p il | R 85255111 (Sherri et al,

j
2001) -

FIFIER 0 % > 1) Col2al SiFFisLEd - 15 25hpf [ IEVTE ([
=) BREVICY > f1F) Col2al AT MR AT - [ L%

7 ,HI » Col2al ﬂﬁn%ln’* ‘*U?ﬂfﬂj

i+ [col2al-48hpf B ]

[

- ~

W i3
A WT B. L5 Vi HE
R PR Ig,jfﬁ » Col2al IFA =T ,iﬁf{»klzrj'.ll\_i@g?}» Ep}‘ﬁ%@ﬁﬁj‘ | = pipd

gt ﬁ?:« Akt (chondrocyte ) Fildfiod ™[R » €7 % AR S av AL Vs gt Rl B

(ECM) [ i fiat e - 7 Col2al ﬁl[ﬂﬁ%’ﬁfﬁ& R EN Uik
U (collagen) (Aszodi et al., 2001)

AIMIER R > T Col2al FLAp#R LY - Wi 48hpf [FHIFVICY: (IR

)2 (PRI 7] 2 AL PR FEAP MRS 157 SRR Col2al

TIEIES AL PRI AR« B L% IR v IE s - B Col2al Alo%

£ -
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3.4 hand2 ﬁl[ﬂﬁfjg]%f»

Ju : [hand2-25hpf])

gl il e

B. 0.5%if tf§ C. 1.0%JffE D. 1.5%1‘@%

FIIR IR 0 0 1] Hand2 EEASALE - 15 25hpf AR TE () <) - 1
[ HHRYAT Eﬁ FIH IR AR BN 1&%'7 73 (YRSl V@ PR FAp M i
?5414 tﬁf’ 'Fl1 Hand2 5;{*7]11‘*5%1;'&1' ﬁ ﬁfﬁ IJEFPFF[ » gl [E LA'“E“%UJ(Q%.\' tA)oe
Skl .5%@#%'\%1% ) HIFEBFLEE N T I BT A ]
F o BRI RIS Hand2 A 2 -

3.5GH FLPNpuse

B : [GH-72hpf]

-
g A o
—

A WT B. 0.5%if tf§ C. 1.0%iffE D. 15%; 1%

w%imﬂﬁﬁﬂ@%ﬁﬁﬁmﬂ%%mﬁmﬂ@%%%’W%T§%
SR A I3 Y SHH Srf AR U Bl PRI PR o By
T TR IR TR -

1580 % Papln o N = (pituitary) & F'F Sﬁ 73 L fHAE Jﬁ%‘;ﬁ‘}ﬂ
( neurohypothysis ) ==ipLE = ?Ejjﬁ[ (adenohypophysis ) o &Y & pld= Fgﬁﬁ[ﬁ 5]
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P Z o T 53 VAT BB AT A TSR 53 40
peptide hormone » I (178~ ZE5F /[l ff-somatotropes - vadﬂfé& ~W+ (GH,
growth hormone ) (Herzog et al., 2003) = PH[F=»> =4 [F#|" | P8 FLPY GH 1\?@
I AL TR -

72hpf [ > SIS SR SO i GH El[“fﬁ‘ﬁf T‘i’iﬁi‘l‘iﬁé‘*ﬁgﬁﬁﬁi/“
&R BSPUAR W e [FLRL o R OREIEE T PSR A E R D
A LSRG - RPN A =R ([ ) -
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PR 7SI HIESER B (teratogen ) » B EAVTCI H BRI ORS¢ Sy
CRERPIPPVEET) - g g Es R 9t *“JIF% B AR T
AMaEi5=d (Ahlgrenetal., 2002) -

SRS PV 96hpf WERABET AR ) 555t - i Tike e 100, R ) 96hpf e
e ANRET e S U U S s Y C L g g e T RN R
B G~ B3 ST SEERIYT P PO R YA T PR AR o R
OIS Oserp EURTE B R g o P VBRI R~ (SR
2005) FETH VAN AEL) pE el REEEER P ,aapa@’:? PRV £

e > 4 W RSP g 7 R ED E‘FTJ%'ELP\' FIIH B FE v 5 Pl ihE
PP R NPORYR « 25 AR oA r?]‘ Fpui/[“ :

(=) I shh EREARRL Y BRI IIRIV T, ﬁ%‘@lff*f{ gl ZLI
Hoadife > 5 EPERE RSS2 E TR Y shin AR o g it ol 2 R
HEAPRLARLE T shh froske sl i [SARIERY o )3t W -

(Z) }ﬁfj‘ﬁ@ 25 hpf 127, - sox9a iy ﬁ?ﬁfﬁﬁ? AR~ FVITRR ~ el ) i
ARV AR - ) - B SR ITARIRE pVIER - TR ARRIFI VI ~ P
FFS R AL ~ B PHIE | R LR rﬁﬁ”ﬂpﬁ” sox9b H[[75 5[4
ELLRE AR FRERATI O PR FTAE S TR f?z?’ﬁr“,é??fﬂﬁjﬂ SOx9b fIUAZL o AfjifpY
’F?IZI‘I*;?EEEJ SOX9 ﬂ@l}% Efﬂﬁ col2al - {5l Pdﬁf‘&}?zt’i'jgﬁfl(Yan et al., 2005) - [X
P R N T IR sox9a ™ sox9b FLPN AL N Ry R PO ) -

(=) F*EJ?&TU > RIFET col2al gt piad (™ i ZREH o it o p st
TrAgPE - i ﬁaﬁE‘ﬁwﬁ?&ﬁr F12PEI RN BRGESE ST - type 1 collagen £
BIRGEAER 157 BV RS 1 R raf et BUTTH] e S e 18T PRI L
< col2al ﬁf’?ﬁé@ﬂéEl’,’ﬁf&’?}'ﬁ“zElﬁﬁlEﬁﬁfQ%ﬁLW o T A BRI BT 24 hpf =2 48 hpf
AT > SRR UGEV LA col2al pVASLCERIREEl - &= A e b s
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7o B > AR SRR AR 2 P TS PR Y
PS> col2al <& f:‘(ﬁ‘ﬁ%ﬂtﬁlﬁd sox9a k sox9b Ik I [y I WL
il PIFSYRRE frag o0 1 > g s BT IR «

(PHOF) hand2 ERAEig AL #1525 hpf [RARVECS o o SR 0 H - hand2
FLES Y SpIEIS AR R > Ao BRI < FHEAT 0.5% ~ 1.0% ~ 1.5%
PR, R 0t g IR o SR AL GV R e 7
FEYRE D o DIE o hand2 £G Et-1 53341 S Y WA RLIN > 2 BRI
9@‘:? LR B AR ) < MRV TIER T i Hand2 BLENECK
H o e BRI B RO 44 (Miller et al., 2000) - 7 B ERF
S hand2 U D » e[RRI O EITRERR Y 9 - e
R SR U e SIS (1T TS - o R
) > S AL S - IR Y [ -

[ 25hpf T80 shh fuh Jlatifd 23 ‘V’%Hri IR T?—?ﬁfi I ZLI
BrIshfiy shh mRNA F O EEHIFOR G » 91825 PO R o S Tfopksi o
ZL1 i SHH FELF R R S 2 =270 93 T |l (Vieira and
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