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of A ofgk rdo]l #EHAG. E, A EZAE #ostE Lol 7HE # A A (family
gene)® A% A wiAtel A= HA 1390l A 17474 anti-apoptotic ¥ % A2
Bel-xI7y Bel-2, 718 31 pro-apoptotic®t A2 Far BF ZFetA Hd s o,
e Akl = wixbe] A Bel-x Bel-29) @] HA 169 o] Foll = A
stom Wi E Zare] A= TA 1394 1597kA w5 A 8t 2

o]4el Aytz wFo] Hol A T E x=A4bo] v BN T FUIES X
o FEA 719 aEs 7hest
B Aol #EE Hov FAAY HAI AEAEC #HEE B 7S fFAA
Bel-xI Bel-2, 223l Bar A @S xdste] wizate] FefA 7139 fdol
Hold Aow Azt

B A o FARA, FAL, AE=N, WA B, WA F, AEAE
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Abstol M o] A=A B 485 Atolel F= dojwdtt. wjAH(embryo) ©7I
7 s Aol dzte] d4e vEWa, A 9577 A AAA Hobr (fetal
period)ell SolAoF E= of A FARE T FAS B 4F 2 3}

&
o} (mandibular arch)® W&y A A ZEH, A 45 F3ho] AT

1o
=

(stomatodeum)?] %= AAZ o] F = 39 ¥7](mandibular prominence)® &gl
o}, o] o stetg 7] @ wWito] o] FojA = AHE A SFUAHOE dHA
gith! oo mbate] Aot stlHTt 2F R& WA 5FE FRLE Y= A7

olFE 72 As #EHAAAN LA 5FEid= Ao s 7] (maxillary
prominence)’t T4 Hor AtA P RIAAF FAE olEH. ol 9=
W] ¥ 7] (lateral nasal prominence)}= ol o3 £ 7} ™, ¥ A 9(nasal pit)7}
iAol 9] Z wWoll A mol7] AlFFE LA 6F o] Ul - SH| ISl & T

7N ¥k A (palatal development)o] A]ZFE v}, WAl 6F o= Abolg 7] 2] oF & o A HE

il

il
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Holuhe 2709 FaEA 719 JRFGABoR wasA He) Y 2 7-8FE5 A
A= B 3 FFo JHAGANke] ol Fo g EEHol HAH AHAsA "o o
o HAFEE BAS A Feted el g2 FHH] 75 4 (oronasal septum)©]  $F
o}b# F-¥] %9 (oronasal membrane)o] A E o] B 7} ko] AARQD HAFH]

1 - :
oo o2y 8F o= AAstd A AAARtEo] #FS

of
)
.
S,
ey
=
(@}
o
=
Q
Q
=]
&
o
o2
oX,
ot

o sl HIEE Al Fety 5492 7] 7] (palatine prominence)®} Y]
%7 (nasal septum)¥}¢] W% o] Fol At ¢d A 9 tH(Fig. 1).°

ol e AwAIE= dEl FlL(cleft palate) TRl AR FTEHA
gato] T3 wBe AL RUAWA £} S4B HAE s=d dol A

F2 WE FeE BHY BANEE BFA, AFA, AGHAA AolSo] UAw

FEAE =2 TAANTE Aols Hol=d olu AL ¥ B @440 o
=EH 717 A Aol FRE EA I G R of 20 A= wo] HAT

oA 7] ol FAEE o TAste AL7tel thEd = e A= Bol I
Holxd vk AAA Y AFAHRES EWE =9t BE, A4 FA4U 89
o2+ gGAA oA, o]k H{EO Van der woude's syndrome, Ecterodactyly
ectodermal dysplasia clefting(EEC) syndrome, Treacher Collins %75 3% A%
Hol utn 4 Ad gdom’ FAH ooz wiALARA F vEvoly &

28 Fo o4zel ) wF E: 5E 9

=
ol
I3
dlo
N
ol
(o
fu
rO
_O‘L
>
k1

-
TGl BAsE Aegw deA Al

g H @ €] .=AH(All-trans retinoic acid, All-trans RA)& W] EFY A(retinol)®] W

l-lO
o,
=
~
=

F2HE (endogenous metabolite) 24 =2 Al A FoF AAFAQd I

IS 7196 2oy BAde deAd Ykt 2y gazrle wie o=



F o= A"E7] fste] &3] AbEohs dE =t Hue] =EHW FribEr] Y

(craniofacial abnormality) ¥ TF/M1g9-& 2 3stod FH4 T4, AFHFE=2 25

o
4
i
P
olrt
o
N
o
N
rlr
o
o

(lack of septation of heart-outflow tract) 12l ar 2l
o] 7} BlojdttE mazh 9tk ! o] 9o & Vitamin A deficiency(VAD)# A4S &

Zotd FNES £ 71 ERE oby2t v} AL (embryonic death)7hA] k= H

rr
2,

Aoz wauxoe] 9} & cytoplasmic retinoid-binding proteins(CRBP 1
and ID9) o] 4o 2% 7]go] fugvke Bust kM o)d oy 74A e
L= =gt G B d A FEolAe At mu g Aol Aol

i 2p kg 9 5 54 Agre] Lejan wixbe)l 54 E Y X|o A d ko] \jat
o] JHE FAst=d HATdHm delA d= HAF 24 A (transcription factor)

A Zor FAAE A=A AFBA AEmE Fo| e wop Wi w4

E3] HFHFEA HAAA F dE A =Fo o8] Hoxr A @wd 9
7F def o2 A Hu T e, 2elal A FolA g A A3 (homeotic
transformation)o] W& E = Ao 2 Hol 7] HE Z(anteroposterior axis) 2HAYoll

AFL mAE Ao G Yt® B, AFHS o] & ATl gt =

expression®ll skl TG, AVA Fe w, HEHA w2 AN e 29
bzl ol dojute FEA Wolzk RAHATGE Rust AT Aol Hox

A7 248k downstream H3E FAAEA AMEANE AE FAA7E Rad
CIIR=
mebA Ao A= WA E o] gato] FIHRFHFE o] Aol WA 7o

Hrite 9% 0d 2 ade) MAzAL Pesel WA degnst A%, 7



sto] el Eltto]l ) e Aol mA = S LotE A skl

Figure 1. Morphology of facial and palate development in human and rat.

The prominence, elongation, shifting, and fusion of palatal shelves construct

palate along with facial development in human(6~9weeks) and in rat(15~

17days). The developmental stages are as follows. (A) nasal septum; (B)

maxillary process; (C) tongue; (D) palatal shelves; (E) fused palatal shelves

(From James, 1994)°.



I Ag 2 4

A9 522+ Sprague-Dawley A9 AHAZ FA & 8F o] %, AlFo] 200 -250
gl AEZ A&, A= A9 8Alel FH 1vtg] ¢ A 3-4 vy E g §-7 o
A A 71A, o d 9 8A]o B = 3 Ab(vaginal smear)E A& sto] dAn 7

oA Aodlo] AW, A T FHoZ Fusle] ojuE LA 0YE A5

All-trans RA(R-2625, Sigma, St. Louis, Missouri, USA)9| in vivo 2345 o
zZkst7] flsto], dAlgk ofm] WA HE =4S A9 DMSO(D-4540, Sigma, St.
Louis, Missouri, USA)E E 33t sesame 0il(S-3547, Sigma, St. Louis, Missouri,

USA)THSE =938 thZ=7 7 sesame oill(DMSO ¥3hH)o] #E =AtS Zo] F

fins
rot
>

garo g 717 Ugo] gl 1194 B SFAb(intraperitoneal injection)E & &}
o] FYdstAt. dE =2 stock2 100 mg/mle] F%E 2 DMSOo] o] -70Co| H

et o, e 80 mg/kgel HES FdA”

A A= 2z 7 2 2 sdAAS dEsHy] s wiA A 1349, 144
15¢, 16, 1744 7F H= 24 84l ol Bl =(ether) = v AZ] § EH¥5 H7)s)

gk wmEE P2 Y LEZoE Wolxm F ABe] AN dHe] F B LL



3 REE A0 dsn Aga @ 94 $98 Yo sl waw v

vpete]l A & hg vEe ok Eo] EUtES AAdAW A48 TA(EM forceps)
o7 g I S5 wet diste] AARYE =2 F gEto] JhaA £
HA A AT o2 Ry st s AAG Fo wixtel AAE g
= M E ol

283 g, W B2 olg g (mandible)& ™ X (scalpel) S o] &3ato] A A F
Atk AEE Wizt PBS7E Eoldle Al HEF "o &A zhd A (MIO,
Leica, Switzerland)E ©]&3te] F/IF &S vl #FsA T RNA £8& A 74
9 degradation ®7] 93 da HE vl H T slee wEA wAES HAE559Y
U Bl v 242 RNA FE2 Hsto] AF&sta 2 yrA= & #k= 70T
of ®#3}th.

3. @AW A A 2A

W 2= 80vl 7FA] &7t 7hs ek & A v A (M10, Leica, Switzerland)S ©] &3}
of WA o] we} 8-40ufol A tixaH ALY HE-EF 4ol (crown rump
length, CRL)E A3, 98 TN & #&sATE E=g wjze] olgg &

AA &, At S8, AF A=, 5% A=E A7IEE aEsan

J

AY A= Hdrnas QAE BASEY oW, ZF o He] HlalE student ¢ test

AAATE p ol 005 M) H3E EASAeR foF Aow @i



4. RNA ¢

A& Wiz == wixp ¥ (head )= A Aiel Ho] WEAZ tE Zol
B(TEL-TEST. INC, Friendswood, Texas, USA)E °¢]&3o] RNAE FZ3F3}.
%245 6 mm HH plated] Y1 Zol B 1 mlE H7lg &, 4712 Zrd(bladder)
S o] g3 #A gtk wMiARES 300 w9 chloroform™ 74 1.5 ml eppendorf
tube(e-tube)oll % o] inverted vortexing ¥ 15% AE dFolA ZAHS AAT t

S 47T, 13,000 rpmol Al 25% &<k UAE 2] (centrifugation)dt At A5 AS A =
e-tubedll il &9 isopropanols WolA -20TCeolA HA 1AIZE ol HAAA
o oAl ek ¥ AR (13,000 rpm, 25%, 4TC)e F, S AS WE L 70% o &
= (ethanol) 200 we= AHs) FAth A2 = AAdH A= (pellet) > 71 =+

oA 1z A2l vE DEPC-H:O° o] -20Cel A R sttt

5. Genefishings &3 252 dA K12 +4

B dE =L s wAbe] ol "y S AAT HY FEAAM 2T =
RNAZS 0]83}9] Genefishing(Seegene, A&, 3=)2 Fd3AT. W4 mRNAQ
poly AF-9lo] EojH oz A= 10 merd &L EF 974 4(target sequence)
S 7FA 2099709 deoxyThymine annealing control primer(dT-ACP, Seegene, *

S )= o] g3to] 42C oA A A (reverse transcription, RT)WF$-S Sa) A W

A 73 cDNAE FAsA T S A2 A4 E cDNAE TP o= 3o
primer®] F §(annealing) ¥ & 24T F JEEF 255 ¥oF°] primer’t +3
(template)2] EA R Yo A2 3 T F HA F3 cDNAZS vE9 o] u
A 2ot 9AANNES o Hu Eolx 50C=2 2w Fo], o]X A= dT-ACP



o] primer®}t 100% LA, a3 TFELNSS S8 FAHEH AEW o)y o g
FZ359 0 ol#ZA HY Eo]A (annealing specificity)= 243 do FdaL o
H¥FS-(random polymerase chain reaction, ramdom PCR)& %E3&to] A A3 #E =
Abel - x=F® Wiz} kel mRNAS] WA AtolE  Hol= i % AH(Differentially
Expressed Gene, DEG)E o}7} 2= #(agarose gel) oA 7] 53te] £435%

E}—.28

o A AFHFS-(reverse transcription, RT)< Biophotometer(Eppendorf, Hamburg,
Germany)Z o] -8, E3333 %9 (spectrophotometry) & & RNA%YS =A3to] 260 nm
ol Al 4L O0.D #<S 280 nmollAl €2 OD #eo= v ghe] 1.6-1.8¢1 RNARS
o] g3lo] AFIFsP o, 2 ugel RNA ¢ 200 ng9 oligo dT, H-OE 14 w7hA 4
i 70CoA 527 E& 7hete] & %, b2 Ao Yo7 ANTP(25 mM each)
5 0, RNase inhibitor(40 unit/ul, Promega, Madison, USA) 0.5 ul, Moloney
Murine Leukemia Virus - Reverse Transcriptase(MMLV-RT 200 unit/ul,
Promega, Madison, USA) 0.5 pl, MMLV-RT 5x buffer 5 wlS Z7}sle] 37°C o A

1A1ZF FoF REEAA cDNAE WSt



7. primer A2 9 T@FEA A0S

A8 FAA ek primere 4714 9 (sequence)S w4 (NCBI, blast search
program)sto], vlo] Q Uol(th A, $+=1)3|ALE 73l primer design ZE 1o Z &

ol A%, FAFGOY 6FNA AAW DNAE FHOE FHAL AN L
E

s

FstA T X2 02 L-actin primerEs AHEstAY. THE
primer® T &4 AHWkS =4S Table 13 20] e ST,

a9



Table 1. Primers used for PCR analysis

Gene | Size(bp) Primer sequences
5-CTGGCTCTCATCTTTATGCT-3
Hoxal 425
5-CGGGCTTATACAATGTCAAC-3
5-CACGTCCAAGACTTCTTCCACCACGGC-3
Hoxc8 458
5-CACTTCATCCTTCGATTCTGGAACC-3
5-TTGGACAATGGACTGGTTGA-3
Bcl-xl 474
5-CGTATCAGAGCTTTGAGCAG-3
5-TACCGTCGTGACTTCGCAGAG-3
Bcl-2 356
5-AAGACCCTGCTCAGCCTGG-3
5-GCTCTGAACAGATCATGAAG-3
BPax 496
5-CATGGCAGACAGTGACCATC-3
5-CATGTTTGAGACCTTCAACACCCC-3
B-actin 327

5-GCCATCTCCTGCTCGAAGTCTAG-3

Table 2. PCR conditions used for each target gene

Gene Denaturation Annealing Polymerization | Cycle
Hoxal 94°C, 1 min 55°C, 50 sec 72°C, 1 min 30
Hoxc8 94°C, 1 min 67°C, 50 sec 72°C, 1 min 30
Bcl-xl 94°C, 1 min 52°C, 50 sec 72°C, 1 min 30
Bcl-2 94°C, 1 min 58°C, 50 sec 72°C, 1 min 30

Pax 94°C, 1 min 50°C, 50 sec 72°C, 1 min 30
B-actin 94°C, 1 min 55°C, 50 sec 72°C, 1 min 30

_‘IO_




Im. 2 3

L @Bl =Ako]l 70 B o ab e Aol mA= 9

T R A e A

B = Aol o7 71 S Bl #ske] Al 11d A WAl g E A
80 mg/kge HAWFTAIE FAT F A BA 13AAMFEH BA 17L7EA o
S HEeto] oS dEs T

13, 14, 1544 whzte] A9 zbz 4, 3, 6mbe] o] ojw] w2 RE F 20, 18, 1
AL 42o] 9] wiAtE Ao oA U] wEEH A gkl ey oju] WA
Sl 2B 22 24 1694 wiA} 37¢] F 274l A, L2 7uke] o] HlA o
A AL BA 179 A w524 5 36l A FUHE o] #EE AT (Table 3).

Table 3. Effect of all-trans retinoic acid on the formation of cleft palate

during rat embryogenesis.

) Number of Number of embryos
Embryos Litters ]
embryos tested with cleft palate
E13" 4 20 0
E14 3 18 0
E15 6 42 0
E16 5) 37 27
E17 7 52 36

* E13 means the embryo of day 13 post coitum.
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Pl B et =FE wiAbe] A TG = A wfAkel of" FEjA 2ol &
Bol=AE Loty fsto] FadAvgetol A HuEA stk v 2 13U
A 1TL7HA = A7l A 1" e 2R A= Aol A A o] A A (retardation)
¥ Aol & HAu(Fig. 2). 53] 24 4L A= HEHE oty o golM =
WA A Aol BEHA oW, AP o] EF dExAtS HYeA] 2 AL wA
o} mlasie] golx = Aol #AHATH(Fig. 2, El4). 24 15dAd = d= A
A, AP e] Aol Apolftnt ofue} meo M= A wjAE T golA= Ao #F
¥ At (Fig. 2, E15). 164 oA 174 7hA = 159 7bA Kol £ o] Aol o Hrdst

of MAE TFH FHA 2ol T W o A #F HAKAR v P9,
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Control RA-tr eated

E 13

E 14

E 15

Figure 2. Morphology of embryos of day 13 to 15 pre-treated with
retinoic acid on day 11 post coitum. Abnormal development on head, tail, and
limbs in RA-treated groups compared to the controls were marked with arrows.
E13 to E15 indicates the embryos of day 13 to day 15 post coitum. The size bar

1s indicated.
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ook EAE A mAE o

AR T odE et =FE wjARel A A wiAbet Hlas) B o) v el
A FE dA ow GFgFs WAE=A Bl fste] FE @AW A (MI0, Leica,
Switzerland)&toll A o 235} 3]

Hele] ek A 1394 wAtel A HE gt = A 9, ofuiEg o
Aol AFET Fotxl As & F UAT(Fig. 3A, F). 24 4AdAFEHE= A9 S
e = T Aol AAEJI(Fig. 3B, G), 158A A= A4 WAt dEH =4S
A2l gk w2l A S (oculus)®] Aol AAx= Aol #F HJATH(Fig. 3C, H). T4
1644 HEw=itel] =8 iRl A= w3 T (retina)e] TAJo] AAH Ao] #
Z HJou(Fig. 3D, D, 24 174 Acl= ma 2% Tl AR wjztel Hlef oA
SAA 2 Aol s Aestas F Wert 33 5A @kvh(Fig. 3E, ).

T A A GAel o AEE B 13 s AR e A

o AS dHAgANte] #EE oW (Fig. 3b), TA 154 A cl+= YA AAToe] o}
Zow zgte Aol I HA(Fig. 3c, d). A 16¢ A= olelFo=z sty
PGl FHS FAA FH AFSR olwsdoH, o2 = JtEHE F
How WEsRAL(Fig. 3e), AL A4, A, HEAAo] Waqhxo] T4 17L A ol
v s v P AH(Fig. 3f). v HE =4S AP sl e HA 14
A (Fig. 3h)*FE Alzteto] @A 15U 744 A& AAstolofst= A Aol vzt
420 5 270l A A AR 4L Al A oF e e FAe]l Bl a(Fig. 3i), 3¢
AMe A Ak 15949 22 S ®BAth(Fig. 3j). 2A 164 A= iz} 374

F 2300014 gAFAWe] B AZoz £ B Aot FIE FHo=

::4’

jus)
=
>
2

UHG Arbo] offFHomnt 2t = Aol EATH(Fig. 3D. 2A 174 A

A gagawel a3 WEstel TAS olF A WAk 99Uy

_|_4
r)t

T
o
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ob4 ol o] FojAA gk} AR HZ WA F 52 F 36elolA ©F ¥
910w (Fig. 3m, n), ° % FAGER ojUet e G2 2n Y AR 40

T2 = Aok (Fig. 3n).

Figure 3. Cleft palate and abnormal head development in RA-treated
embryos. Retinoic acid was intraperitoneally injected into the pregnant female
rat at day 11 post coitum. The craniofacial mophology of normal(A-E) and
RA-treated(F-J) embryos were shown. The phenotype of normal
palatogenesis(a-f) and the malformation pattern by RA treatment(g-n) was
compared. Cleft palate was shown from day 16. The counted number of
abnormal embryos: 1 (27 / 42), j (3 / 42) at 15 day(RA-treated), k ( 23 / 37 ),
1(3/37)atl6day, and m (36 /52 ), n (4 /52) at 17 day.
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E 14
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g 5 FATACE HuEAY st dE et =Ed A 17D wj A} 520
< T/HEol BEHE 36 Hat YHA AnbAbele] A2 0.80+£0.36 mmo] 3
vt A B 179 A wj Ao A g EA 7 150 Bl YA AARtS o] ¢
el WgEofdden & o] A E dEE A e th(Fig. 4A).

of wjatE 4z 2@ v HeE w2l (CRLE F%sklth(Fig. 4B). A4 &4
1344 viH(220)= 8.20+0.70 cmol AL, A 144 A vl 2H(269])= 10.03£0.78 cm,
1544 vl 2H(1690)= 12.97£0.53 cm, 1644 ¥l 2k (31e])= 14.64£1.34 cm, 24 174
A AH(15e) ol A = 18.0341.27 ecm®z W5 Atk wh HE ettbe] x=EE 24
13dA A 20e])= 732142 cmE  dEFHA, TA 1494 wiAA8d)+=
8.03£1.74 cm, 15¢ A wiA}(424])+= 11.30+1.53 cm, 1694 wjAH(37¢])= 14.33+£1.11
cm, TA 17 A vf (520l A = 17.64£0.72 cm= #5 5 A (Fig. 4B).
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Distance (mm)
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N} (3]

o
©

B

0.6
0.3
0
Control RA-treated
B
’g 2.0 +
~— OControl s
Q mRA
0 1.5 1
1.0 4
0.5 -
22 26 16 31 15
0
13 14 15 16 17
Day

Figure 4. The distances of cleft palate detected in E17 embryos and
crown rump length. (A) The average distances of cleft palate were indicated
as bars. The arabic numerals indicate the number of embryos used for the
measurements. The data analysed by student t-test. (B) The crown rump length
of embryos were measured and compared to those of controls. The value of
RA-treated group was slightly shorter compared to the control. The number of
embryos used for the measurements were indicated as arabic numerals in each
bar. The differences in values were considered to be significant. ns: 0.1 < p , *:

0.01< p < 0.1, *=*x 0.001 < p < 0.01.
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A G A Aol7t fAA FEolAe) WAoo s)da

|

7] #sto] offE & Al iAol MY EHE F RNAS w6t o= o &
sto] Alg @ HhHo A9t o] Genefishing WH-S #8&3}o] differential display
reverse transcription(DDRT) - ploymerase chain reaction(PCR)S <=3 3} ¢l t}.
DDRT-PCR Z# 2L ol7lz= A Aol vlu EAse 2 Az A4 wjze} 7
El.=qbo] =E % wfz}F Alolo] M2 2 A W& st f A (differentially expressed

gene)E o] @Wol S48t lFol &l HAtH(Fig. 5)
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GP 1 GP2 GP3 GP 4 GP S GP 6 GP7

5000

GP 10 GP 11 GP 12 GP 13 GP 14

50000

GP 15 GP 16 GP 17 GP 18 GP 19 GP 20

1000bp

500bp

Figure 5. Analysis of differentially expressed gene using by Genefishing
in craniofacial region. The overexpressing genes(=)) were found in control
compared to the RA-treated. The overexpressing genes(¢m) were found in
RA-treated compared to the control. 1 is control , 2 is RA-treated group. GPs

were used as random primers (Seegene, Seoul, Korea).
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3. HAAA T U At =Fol o7 Hox Ao HEW st

Hox A= w2 AT A A EA A ko] 18] wjztY 543 Aol A
B ste] wixte] FEHE FAsd Fdstn dHA Y= HAAERA A
(transcription factor)e]t}. Hoxa72] ectopic expression©] 4S8 X393 =9

N8 Guagdnts Ravt gdoena® wal 3A F HE w2t

N{N'
)
=
>
=2
R

wel FAMAe] JeH Aol7t Hor HAA WA WFel Belo] YA Lolr

B Al A HoxaTol T A BA 13LA wiAtel A TH Asilen 5

it
=
2
12
:(I)L_ll
X
rlr
o2
0%
o
27
rO
[-‘E
(2
4
o
b
>
2
b

=9 A A= BA 13U A ol

© oFstAl AN, A 15d A= EHe] dAS FrAEAL, TA 169

dol B2 A (Fig. 6).
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Control
13 15 16 17
Hoxa7

Hoxc8

B-actin

RA-treated 13 15 16 17

Hoxa7

Hoxc8

B-actin

Figure 6. The effect of RA on expression pattern of Aox genes in
developing craniofacial region. The expression of Zoxa7 in craniofacial region
was strongly increased at day 15 but decreased at 16 day by RA,; whereas the
expression of Hoxe8 increased from day 15, but decreased from day 16 among

RA-treated group. As an internal control, S-actin gene was analysed.
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4. 2ARA T dE =gt =l o AFALE B fFake 2w

TAE BARNY F AgAe A9 ALMEDANA AEAEe] Aojrfef s,

o A EANE(PCD)o] A= dojux] o fJrdduke]l JE2 dojy, W
Fo dojipA FepA Heol FAG FAETE Buvb gk meka B 2%
Me 2R T dE et w=Ed vl A uEtu= T Dol Al EARE O 3o
St RS EA ol el Vet AJAE GolR ua AE A Holst=
el 7V f A A (family gene)oll &38tE Zel-xl, Bel-2, 1813 Bar FHAE o &

stol RT-PCRE ¥t 7L A7 anti-apoptotic #H&A  FHAR1 el
Bel-29] A5 A A AfolMs 2A 139 FY 174744 A9 w =g o

fl

2 ZstA Zdstad oy, dE x4 k=EE wiRtel A= @A 13U FE 15U 7 A=
23 e w wdEsiurt 169AFE = A FAasdv(Fig. 7). 2y
pro—apoptotic F+AAZ &HZ Fare] 7d-% anti-apoptotic?t FHAAEH= & A
g Aol e A 13U FH 17974 A For AotA HAd wkd, fE e
Abel w=EE wAfel A= SR 7] DA 13U FE 15Y7A = dde] A9

WolibA] erhzh WA 16477} Hoj Aok WHel F7hekeleHFig. 7).
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Control

13 15 16 17
22 [ d———
o [ —
RA-treated 13 15 16 17
oo —
R IR S——
o [ ]

Figure 7. The effect of RA on expression pattern of several programmed
cell death related genes in developing craniofacial region of rat. The
expression of Fcl-xl, Fcl-2 shown to be decreased from day 16 p.c by RA;
whereas the expression of Zax increased from day 16 p.c in RA-treated groups.

As an internal control, B-actin gene was analysed.
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IV. =

R

Abgroll A e ) EAS A= HA 29 4FE A DA 65x0d A TS
(median palatine process or primary palate)o} 2702 £ =77]§ 7] (lateral palatal
process or secondary palate)2FE A2 & =dH, §7]19 AA 79 v ol = Ao
b9 Ao 4EA drk! ALste] AgE Aodgrie 4E T 19 °

o8] S A sle], 3o &AX(incisive tooth)E Ed 3= Aobd

rUH
=)
=
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.
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:‘/
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b w3 okZ Y =4v]F 7] (medial nasal prominence)’} §este] A H = AR

A (intermaxillary segment)> YT 7/ME FAst= F/MAAES vl Esto Az

rr

o] ol (philtrum)S ¥4 35}
o oot WA 6F ol AFANY AFNY U1 g=FAEI I AX
¥ (incisive foramen)i-ol A FZ o g wo] }7}7] A st Aotg 79 otz

MEEH Folu 2709 094 §710 dRFAte s dasiA Ay 2 75

TEAE, 1 AR F das TeE Aok Aw

Zol o|2® Aotgrlt WS FIIsh MFo] o] Fold F §/1A0lE o] Fx Ud
AT, WA 785
b F Fol gPAA] oleBon BEHol AW AFNA ¥
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AR T AFTAS7IL nFAe] WIE oFotta &EA Atk P o)
g HEFAANA 7| AR FIMNEI FRHFAERZ WEatE A e B
ol dojdnan Huwo St A= o EE AAFSE okl 47/ (primary
palate) = %% WE4W g 719 AFHF 7] (frontonasal prominence)9t2] ZAgo =
UdHEFE A FAgHojA M, A7l (secondary palate)= ¥ FIHY
gotgrl= ste] A H o

oy g A WA= e SIS AATA oA Aol s HA He A
o7 Hi HAYy. WA FHZH Qoog= JAA o], o]9f & Treacher
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Zhehd, A AFAREe] 474 AR 4 T (medial edge epithelium; MEE)e] 9+ 7
I A 3 (epithelial cell)7}F H& Al Al ZEARH o] dojupa B o] dojup=d ojuf A
3 & 4 (teratogen) & 91ato] W E A Hahd ooz PG Ak o] W A4
A2 44D F U dE=AE vEy A AW &4 tAbEEHA At
Aol grofgtvhar de A vk AAE A F (mouse)®t WA (rat)E ]8T FE=A
AATol ot dE w=Aibe o FAE 2ol FEdcleft lip), AHAAAF, #
< QM5 (micro- phthalmia), unascended kidney & °] YEIYE HOoZ HIEHO
ATk Mo A WA 16D 17U Alolol FAAHEE ]l dojup=d* o] W %

o

zo] AHAMU F AT Ayt &8sl F9 B A (midline seam)S A

F3b BA FYhIAY FAAL] AZAEe]l Basttin Jeid drk? wd
Aol GRFAN HFRANA AP B AL] AEAEe] B MGl

Aokrt st Ay xAL obyehs Ruk Ak w eE ko] g AN WY

Aol lojerd  AuAxe F3+Y Al E(mesenchymal celDZ9 W3
(transformation) & HH&] s}z % A F o] =337 (cell-cycle) =74 (arrest) S %
gt PAGS LAANNTGE Baurt gdom ¥ wme At W Al )
T & (palatal ruga)®] o] o2 Qlate] HE F&o] ARz whpx] RXato] 71 o]

B EithE B ek 9tk e A Aol A wizte] HE =S PAeE ¢ FQd
9 8+S 3l= master DA} 24 Q) A} (transcription regulator)?l Hox A A=Y @ E
w4 o] AFEAR] HE o= Fo S wrol wixp Ao IS w X =

oA Qo 58 AFBEAN et Aelol e Hor kAR

ANA7F Wekd 2 AAolA FAH FAADo] FLHHPT QEA F P4 o

po
(o
fru



A FGE Al dojus BRI JA 11D A ofn] WAl PExAS A

glsto] A SAEE s skl ofF FEet FUHE dEsha, Wiz e

ol

e A B A E #E
Wy B Aol Fopyl

WA FejH oz HH oA v x99 H

=
1o
Jo

ol

Fl

EAbel =EE wjAtl M= Ao He 2
ARAL B el o] Aol 2 oy gl #FE HAu(Fig. 2). 2 T FA

A 169A 0 GAFAR T Yol o]

f
2

o]
Aol = A AN o] dojubx] &2 F/HE AHE IR HoFoln

A
S
El
2
N
lo,
i)
i
Ll
fz
fE
ox
N
=
x
N
5
J
flo
ot
L3
5
@)
=
Q
o
o
<
D
=
o
o
=
Q
o
w

ASEo) 7o) fevtE Bast ek® AFE Zowa7 fAA9 57 upstream %
B

(retinoic acid response element, RARE)”’} &A|3s}+= ]41

WA F AE A wFEE A7)e sEel we efzhe] Aol glou} A
Lol A A Eoofet= HoxaTol wiza HA Z7]o] #HE wmAile] #AosiA =
A, BEFY Heolel A ol Bkl WHH] FFHOoRE
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o FeE7t A5 FolA o FH(posterior)Z & A WFH-(anterior)% 2] FeH|=Z W
e e A FAAS o] dojuA @M ws ojg B Ag Ao 9
A AR DAt Ak wolA A 13L Aol T AekA 2 skl 16¢
FE e wdo] A AT v HE et =FE wjx e wed A s A
g YAl ol 2 AAsteE @AA BA 15UA A AFEtA LEE o
a2 olFme A ZAT At (Fig. 6). ol #® 5% HoxaTo| 'TEo] w4kl o& %

A ol A4 wiA A 13 A A Bl wd FAde] dE =gt =Fd uf Aol

o] AAHJAoY, 2 F A gacR, dE =t w=Ed vzt A= A4
WA R 2 w2 A 150 Ao A 1] oka

Elmibol =Ed A7l A ARG T o] 5o

As s Bl wet, dEx=Atel o8 wja Bdo] AdE F U= e S
AL ol iAo Fe gl wojets fAATL dE mAbel o) HdE A
of frwol FAoR Fo FHI AAFH wHEojd F US Ao FFEH.
Al A (apoptosis, programmed cell death)¥ #&@slo] AR o= #E =4b2
AE AES Fedva g g P00 wad gl A st gl 7t
= A2 F anti-apoptoticd F+HAZ GHZ Fel-2 D Bel-xlo] ME AES
%42t (key regulator) &S FaAsd AE AdES A w0

pro-apoptotic frAA Zare AMEAEL FEITGE A QTR B oAToA

= A Ay A9 wA 139 FE 179 7A] anti-apoptotic ¥ Zel-xI¥ Bel-2, 71
2] 31 pro-apoptoticgt Farxe] HdHo] dAHs FEx= =4 TEE 9 g E x4k

H

=¥ Wil M= Bel-xi3t Bel-29] Td@ o] 2 16Y o] HA7bA LY al FBare 16
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o o] Folrt A TAsAT. ol Ay BA 16d Aol JH ARl St
oA Tkl Fate] ThE A A Aol HaEAbE o] dojupol il st o] A
Aol wlFolRH B 16D A ANMFE Lol-xd Bel-29] BAL HZAshal, Bax
of B2 7Y Aow dqFHAoY, & AdolMe= AY A A 16L Aol A
FE faEHs ol #EHA st vl dE eqtel =FE wj Aol A ) H
& Al AEAEO] FREA ol FUide]l FA "o Al 16L AT
Lel-xl 3} Lel-29] 2@ L F7betal Laxe] 2ol AT Ao Aisdoy, &
MEAE 2 AgoA = oleh= WlRE Bel-xl 7 Bel-29] ddo] LA 16U A o A
i, Bare]l HdEL FUHHAG. HE FALAAA F oA B Al

A AL AEAD] B A Ak s BEzAL o B 9o

$
)
R
B>
ol
20
32

A #FH/)E ogdn Boh £ 2Pe] A§H mRNAZ T RREE FE5
AgE Aol obdet okl g A WelA vE] PEe B ALSE AolofA g
AgAwe] ALY ATAEE AYFLGE ve] 2R 2 73 dAe] e

vk o ZARATGE Raux 9ol v RRo 2 )@ AEAER 23}

_>1’l.l,
Y
~

o] Fcl-xl, Bcl-27y #Fa¥E e 283, Lart 78 e ddYTE RS 75 9
T Aoz gzten

ol e A A= mFo] Hol JAl T elE A =Fo] wik LAY F A

A xad FeA W H0e s g 2492 4 4
whe] GER Aol Bolshs Hor fAR] WA ALAET ARE Fel-x, Fel

-2 9% Lax Aol FdE Aol wiA HH V¥ 72 Aor e
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oATME 94 F dEwate] T FHRA vAE JFL Solnuz

R

A 11AA WA AE =S BRY FAG F YA 13LRE 1797449 wA

wosto]l wiak dEf B FAA TEES va £45k0] v 2 AES A3

A B matell = d Wiz A Aol viE v 2 AdE £2Fste] HEE

n7o)gk AbA) o] Zolsb @oerzth.

1744 wizre] 4% A wiAs TR0l SR E vk B =ik =EE
Aol M = F 52¢ T 36l A TGl wEHAoH, FEe] Hojxl A
°F 0.80+0.36 mmeo] At}

DDRT-PCR ®H & Tl A3 dE =it A2d wja Atelold= A= v=

WAl Fe@ el BolRT BN ZowTe) A4 A4 WA AT A 13
Aol 73t ES

M A 15l ddo] dAS Frsken olF AE Haskfivh W,

A EZALE O #Hodst= Bel 7FE AR A A wiAbel A= B 13U ol A
179 7}A] anti-apoptoticst A A Lel-xI3 Bel-2 L8] 3L pro-apoptoticet Hax

B A 2d st oy, dE st wEH wiztdl M= Zol-ad? Bel-29] %
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Abstract

Effect of retinoic acid on palate formation during rat embryogenesis

Meang Sub Cheng

Department of Medical Science

The Graduate School, Yonsei University

(Directed by Professor Myoung Hee Kim)

Palatogenesis begins from day 14 to day 17 during the rat embryogenesis.
Palatal shelves grow vertically from day 14 until the beginning of day 16 of the
embryo. Subsequently, the palatal shelves elevate horizontally to the level of
tongue, grow medially, and then fuse together in the midline to be connected
with nasal septum. Retinoic acid (RA) is an endogenous metabolite involved in
the formation of anteroposterior axis during the embryonic development. It is
known that excess or deficiency of RA 1is involved with the embryonic
malformation. Zox gene is known as a master regulator involved in the pattern
formation during embryogenesis. It is also reported that the ectopic expression
of Hox generates an abnormality in craniofacial region with the cleft palate.

In this study, we injected RA intraperitoneally into the pregnant female rat
on day 11 of its pregnancy, and then embryos in the stages between day 13 to
day 17 of gestation were isolated consequently. The palate morphology was

analyzed by the microscopic method. The expression patterns of Zor and
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several programmed cell death genes were studied by using RT-PCR.

For the morphological study, the retardation of craniofacial region, the
shortage of crown rump length and limbs were analyzed in the RA-treated
embryos. In the RA-treated embryos of day 17, it was observed that the
palatogenesis was completely finished just like in the normal embryos. However,
the cleft plate was observed in 36 out of 52 total samples with the distance of
0.80£0.36 mm in average. The temporal expression pattern of Hox genes
through RT-PCR revealed that the expression of Zoxa7 reached its peak on day
13 then slowly declined in the normal embryos. Whereas in the RA-treated
embryos, the expression peak was observed on day 15, then declined
subsequently. With the Aoxc8 gene, its expression was low in all stages until
the day 16 of normal embryogenesis. On the other hand, Zoxwc8 gene expression
was detected slightly early on day 15 in the RA-treated embryos. In the study
of AFcl-family genes, uniformly strong expression of anti-apoptotic and
pro—apoptotic genes was observed from day 13 to day 17 of normal embryos,
whereas anti—apoptotic gene expressions were decreased after day 16 in the
RA-treated embryos. Additionally, a dramatic decline of pro-apoptotic gene
expression was observed from day 13 to day 15 of the RA-treated embryos.

Therefore, we believe that RA is a potential factor that is actively involved
in the cleft palate formation. Moreover, it is profoundly linked with the
regulation of Hox and Zcl family gene expression pattern that leads to the

embryonic malformation.

Key words : anteroposterior axis, cleft palate, embryogenesis,

palatogenesis, programmed cell death, retinoic acid.
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