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A3 E22E= Sprague-Dawley]e] 3AHE ol gatgith AE Adel <A 3-4
vhejs} 31 12 wpElE @ e AL, e g 2 84 AETHAL
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179747 7+ A9 v} 3¢9 914 #AE ATk @ W lAelA o 120}
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Fol Wb 119 B FAS Ed RAS F9s8tgth. RA (Sigma, St. Louis,
MO, USA) A& &9l (stock solution 100mg/mk] %= DMSO¢| o] -70Td
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o M, epitoper] FA IJES 8 citrate buffer} Eolgls &7]o] @o] 15
ez ]

7t #39. Tris-buffered saline - 0.1% tween20 (TBST) o], o] F A&
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$-4  blocking solutiow] 108 &<F AHZld F, anti-TGH-3 (Lab Vision,
Westinghouse  Er. Fremount, CA, USA) (1:100), an&f~R2 (Santa Cruz
Biotechnology, Inc, Santa Cruz, CA, USA) (1:50),tiadMP-13 (Lab Vision) (1:100),
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Fig. 1 Rat embryos of day 16. A, C, E Control group. B, F RA treated group.
RA treated embryos were smaller than control, anowsld short tail (B), short limb
bud (D). Also the distance between the medial argfleeye and the jaw is reduced
in RA treatedembryo (F).
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Fig. 2 Sequence of closure of palatal processesointrol (A, B) and RA treated grou(C.
D). While palatal shelves formed a horizontal gositat day 16 p.c. in control, thisas
accomplished with no contact of shelves at day X7 im the retinoic acid group.
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7, A 169 8ol Aeld FHon w4 (Fig. 2). @ wo w4 162 W%
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Fig. 3 Different status of closure of palatine ms®es in embryos of one breed (day
16). Embryos were arranged from the one proximath® ovary in alphabetical order.
The further the embryo were from the ovary, the enpalatal process occurred.

Hehfslen, A9 5 A % AF oz 79 HHo APHA 452
719 3 24 17 o] Fof AT

RA AA AN E FAE7E S 13d¢ w2slr] Agatd o, gz
g2 dgo] e AdE Ae #AFL & AT ¢4 $A 149, 159 2
16 dejvbs FAEIS 4 Aol iz v FelEA A E
geo] FZel A #FZHE FAEY S dolst #okth T=d FAEVIe £ W

of Wazel el oA T 169 MAAA FAENG $BOE B B9
@ w993, B 179e] Heldol £WOE FA F% BI)E Al 1A
of Wazel wsl AH HelA ol E719 Yol 2 Askse} AL & 5

At
gt H-EQ A3} trichrome 4418 g 22 x¥e w3 Az (Fig. 4) ozl
A= collagen Aol wEe] WAl 16del| @A Az F99 stetEd A FEd

i g AE Al #EFHden, B 1794 dteta 2 N, HEH A

Wy 16909 shelE FelolAW AFAAD WA 17d0] W sep % ool
A el QAW griEd ma 7 de ety on MEAdAE A
SR SERR-D

)
Lo,
i)
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day 16
control

group

day 17
control

experiment
group

nalate nacal sentiim mandible

Fig. 4 Development of collagen in day 16 and 17 eatbryos. Trichrome
stain. Strong stain in mandible around the Mechealatilage and weak
expression in palate were detected at day 16 md. resal septum as well as
palate and mandible showed collagen stain in cbngroup. However, stain
was detected only in the mandible at day 16 p.d an the mandible and
palate at day 17 p.c. in retinoic acid group.

& 2A e ad

ot

3. 99
oS WSk gl pelahs Aow deld i fA49 TEFE-3, MMP-13,

TIMP-2 2 FGFR-29] wralo] o 223} RA # 4 Ze] 4 ol Ao] & ey =x 2 2
Huskd), B 1393 140 = gl 223 RA AR 2ol A S 2ol 7 #2484

By
TGFB-3
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control

retinoic |
acid
group

Fig. 5 Immunohistochemistry with anti-TGF3. All sections were coronal. The mastensive
expression was detected in both mesencyme ancebpithat day 16 p.c. in control and at diag
p.c. in the retinoic acid group.

Yo A B4 1599 1 Aol Sfakdl ot (Fig. 5) PN EY 7 FHOR 5

o] 7] Al A 16l Hofjel WS Blom, o Fol = it st ot o H
& et A L@ AT TCFB-3= T/l=7] 591 Z¥l ot SAAAE 59 7h7tel 2] Al

AR AL B 16 urhe B4 1796 o} F e wAs g en, oais)
bR 43 o FRgA BE HAHAY R B4 1603 AF2 8
BT FAEANF FY o MLRNAO RERY ok §35 A e Aol
A A A} 0, TEFE-37E ek A g nhs el A% g8l fat
s et

MMP-13

WEEs 49T BFol A TGFE-3% f4kah) w4 1596 = MMP-13¢] & o]
wlofaleleh (Fig. 6). i el 49 FAE717h FHow vde = w4 1629 714
@ol Wwaol Hlthsl ol Fol & WAl gtk RAZ A2 d 4 Te A TGF
B-39] AahA W 1690l &= v oFahA W 17900 o} F AR w A F7HE e
et
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®ns were coronal. While theos

Fig. 6 Immunohistochemistry with anti-MMP13. All &i
intensive expression was detected at day 16 p.cortrol

acid group.

it was at day 17 p.c. in thetinoic

EAE S
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A 162 ol AFu] 9}
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B3 7§37
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= Ul
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] Al
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9] 7] 44
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Figure 7. Immunohistochemistry with anti-TIMP2. Akctions were coronal. The most intensive

expression was detected at day 16 p.c. in bottscase
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control

Figure 8. Immunohistochemistry with anti-FGFR2. édictions were coronal. Strong expression
was detected only in mesenchymal cells at day d.Grpcontrol, whereas only epithelium cells

showed intense FGF-R2 expression at day 17 p.etimic acid group.

Aol A W 16, 1700 319t S0Gel 4 wF wdle] faHgon, gz
23 el WAGES W 1799 A3 S o 2ol = TGFB39] 49 A 7
RAS A elgh 79 W 179 27 & o2z g 16901 A st fAkahsl el

i3

ot Aol A B A 159d el = 2 o] vl efatgl ot (Fig. 7), %4 16
o wde] A Srtetvrt 2 ol Fell= skl o 53] Stgd el wd
a gyl = ol d e EEo] B H AT TIMP-29F o] Al 9]7] 2 & A
Q

&& ot MMP-13¢h= o1 8 d ol 4 7 A7l = s wd

o

w9 F7he 27 THTh RAE q 2@ 290 MMP-13 3 1620 &= 1 o] o
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T= FE(ugaepl = e A l(hard palateyt FEol gl F
A 7(soft palate)e o Fo1A4 lew, ajfdtaor g A g ouAe] npg

S T e AT - AxEe] AATRLR olFd T4

|
1o,

H-o 9l nj<d(craniopharyngeal ectoderm) A3 z&3sto 2y AetEr|o U SH
TANEZIE FAste] Tl AZET. FAEVE T 2U)dE FASRE 4
stz S ol F A Ha, olwf FAEVE USEEY FedA AR HEE

T gET ySdaye fHom FAwE HFE3(midline epithelial seam,

oL
2

Pz
o

MES)2 A &d= o AExFom o FAAAR A5 dAxIoz HuA &
A, olE Fd ¢F e 2 vsHcl gFE MBI e L4
ok Q17ke] AT g o 657, Al E WA oF 13U 7] o] A%ty
of Izt = T of 9FAd, Ad A= T oF 17 g3o] SAddH
T A er ARt FEer FolAl HY| AdM= T S
A E 7] Ao &A= hyaluronan, collagen lil, fibronectiy 23ttt LA
A M Mol AT o Wde WAHE B 7zt AA 2 B3
Hoz E4How w@ny, o By wat Toe Fu wae vl rku
gty 59| hyalurona] @2 Alxel7|de] 42 e wid W E dodl=

X

&) (intrinsic force)o. & A A HQATHS M ol at wHge] o] FI A SFHH T
FAste st Aol dsta Bad daggo] Aesiy olF 98
MBS A Axer|de aito #ud o dHA Slrh

TGFB family:= #71e 27+ 4 E A hyaluronan 28] 2 =8t} ” 7ol A
77 @49 uw 54 R glycosaminoglycans (GAGs)E 3| hyaluronare] =%

AN

o] LS &= @ (intrinsic shelf elevating forced = Zt&atvt= w s} b

Hyaluronan> 4 % 4-3}(electrostatic charge} w5~ Z3&t7] W&o zZ& FA4<9 tf

- 18 -



2 A v Eatel sdol duf = Ak, A<l Fefd F2o] H
W A EL 7] A (ECM)el 7 ol 5FskA ¢
&3 ATt FEoR o §3o Yojd
hyaluronar] WA Z7tati 7Ha% WA dojdrhes Bzt gk o] 23 oA
T 16 wjAel A GV FEoR Sute e #EE AW E FEo W
A sehrta oo HE FEol ZebiEe #ESRlaL, o= hyaluronare] £H|

WEow 4% 5 ok Wz RA Ageel A TRE3e wae] Wi 16

ol¢} 2 hyaluronar®] =7}9F &< collagen llIg} fibronectine] W& 2 =
G5 FFel A AAA HeE, Y ol Aol MMPYE HEEe, 2 AT
o elawl TGFR-39] AH A #dg witl® MMP7} TGFB-3¢ 24 & o
T EAe AAGT = A A ol =, 1) TCGH-3 -/- v ke A MMP
137 MMP-13¢] A& A<l TIMP-29] W&l o] oAl on, 771d o] vebyt i,
2) §718k= FAE7 A FEAEE W &S A3}, TGFB-37F MMP-135 st A 1=
A gelsl 4= gllon, 3) TIMP-29 22 A&t Al <] A2 2 MMPse] 4 & <
AN A5, el g &l o] Fol A A i trhaL gt

£3] MMP-13& t} & MMP R t}= t} 23k substratel] #-&3k=dl, o] = collagen I,
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MMP-139] A &4 & <&l = TIMP-2 (23F A7 g7 wf 4¢3 5
Aol A A2 H AT TCRB-3 -- A o] A%, Td el LS L o] TIMP-2¢] 2
ol gAE Aoz wund v Ak’ 2} P M EE WL A, TGFB
-3 -- A Z A A TIMP-2%= 1 A 5 2| &= $3kar TGFR-3¢l] 98 &% A & ket e}
A TIMP-23= TGFB-39] A4 %<l 24 fiitolelr7| Bt th2 A s A A o8 =4
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Abstract

The effect of retinoic acid on expression of grow#ctors during
palatogenesis in rat embryos

Hong Lim Choi

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Dong Kyun Rah)

The formation of the mammalian secondary palateoivwes the growth of
the palatine process vertically on either side bé ttongue, then reorientation
of these processes to a horizontal position aboke tongue, and finally
fusion of these processes. Thus, disruption at a@tgge of this complex
process might result in cleft palate which is a gfrently encountered
congenital anomaly.

The pathogenesis of cleft palate is not fully ursdeod, however, recently
it has been known to be produced by retinoic acupligation which is used
commonly for skin diseases during the pregnancy.

Therefore, we analyzed palatogenesis of rat embriyeated with retinoic
acid by gross and microscopic examinations. The resgion of TGB-3,
FGF-R2, MMP-13, TIMP-2 were also examined immunédisemically and
compared to the control. The results are as folimsi

1. Embryos in the retinoic acid group showed retuctof embryo size
and the distance between the medial angle of eyd #rme nose is also
reduced.

2. While palatal shelves are formed a horizontakippon at day 16 p.c. in
control, this was accomplished at day 17 p.c. ire thetinoic acid group.
However, palatal shelves could not be contactedheather due to the
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shortage of shelves caused by the impaired vertigadwth in the retinoic
acid group. Additionally, collagen fiber of palateas less than in control and
even no collagen fiber was detected in nasal septum

3. The expression of TG¥F3, MMP-13, TIMP-2 was delayed by retinoic
acid. Whereas the most intensive expression wagcted at day 16 p.c. in
control, it was at day 17 p.c. in the retinoic agydoup. Moreover, although
FGF-R2 was expressed only in epithelium at day 1@ pn control, it was
detected only in mesenchyme at day 16 p.c. in gnaeic acid group.

In conclusion, retardation of palatogenesis by titeatment of retinoic acid was
parallelled with the delay or change of the expi@ssof TGH3-3, FGF-R2,
MMP-13, TIMP-2. These results imply that TGR, FGF-R2, MMP-13,
TIMP-2 might be involved in the developmental ref@tion and impaired
growth of palatal shelves induced by retinoic acid.

Key words : retinoic acid, development, palate, ficlpalate, TGEB-3, FGF-R2,
MMP-13, TIMP-2, rat
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