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Mechanisms of All-trans
Retinoic Acid-Induced Branchial
Arch Malformations in Mice
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Hrks RHMBAR 2GR WEE RA X242 8.5 d /D RIE = B /E M R 5 Bl SEURBEBE 1 (Bromodeoxyuridine, BrdU) brid
DRI, B A S bR ad v, Y0 R FUAERAR R 2L %% RA S A ZE 1B 4N M (Cranial neural crest cells, NCC) 45 I T2 RUER R0
i RABSIES MK E AR, KEAS, B ZRS A RIE; RA AL BrdU S ARHAD, F T, NCC LR (93T
B fdr. 4t RA G I ST, NCC BT D, T8I0, iR oA /& HonT e i B pL ) o

Ceatin ] 2 RAMER: BomiE: A, wiE. W, T

HEFKS: R114 SCERAR IS . A IESS: 1004 - 616X(2006) 03 — 0194 - 04

[ ABSTRACT] BACKGROUND & AIM: To investigate the branchial arch malformations in all-trans retinoic acid (RA)-
treated mouse embryos and its possible pathogenic pathways. MATERIAL AND METHODS: After whole embryo culture
(WEC), mouse embryos treated with RA were examined for dysmorphogenesis (Scanning Electron Microscopy) , cell
(TUNEL method), cranial neural crest cells

RESULTS: During the whole culture period,

proliferation  (BrdU incorporation and detection method), cell apoptosis

(NCC) migration

RA-treated embryos showed branchial arch abnormalities including hypoplasia, agenesis, and fusion of first and second

(sections and whole-mounts immunohistochemistry) .

branchial arches. Increased apoptotic cells, decreased cell proliferation and anomalous NCC migration pathways were
found in RA-treated embryos. CONCLUSION: These resulis suggested that branchial arches malformations induced by RA
were related with the following possible pathogenetic mechanisms: increased cell apoptosis, inhibition of cell proliferation,

and alteration of NCC migration.
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A (All-trans retinoic acid, RA) J&4E4E
A MAEDIEEARE Y, X5 IR IR IE % & 8 R 2 B i i
LR AR S R B = B R S R ME s )
WG IR 2 Pl 2 , Horp B 55 (Branchial arches, BAs)
AR = B U, RA SIS BB ALK E A
R, REAGE B R SaEE L ERKR S AE

malformations; neural crest cell; proliferation; apoptosis;

Zend 3 LEAGRIRE : AR 2RI 40 (NCC) H AP i i 8
5 RNt 2 SR RS BB =5 DI, SRS AE IS 5 P9 A
B d e AR AL G S5 . NCC TS 45 L 701k
AL BE (Whole embryo culture, WEC) 85 [ =5 K H
Wi, TATLAZ 8.5 d /MRl ARinkE R Risy, Wg
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KB 2R EN iR e . MERER T 18 : 00 W% 1: 1A
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8 dIf) 14 : 00 RENZ 8.5 do

1.1.2 RAFIRANE A (Sigma) ; 76
TUNEL X 7 & (Promage); 5- 1% Mt % JK W% 0 4% 1F
(Bromodeoxyuridine, BrdU) (Sigma); BrdU $tfA& (Sigma);
CRABP 1 #i/4 (Santa Cruz): SP-9002 , SP-9003 % 214k,
RAE (Zymed)s HHIEIZIE 0K BIAE  (Inmediately
ICs); — H X K (Dimethyl
Sulphoxide, DMSO) (™3 #r4f) .

1.2 Hi%

1.2.1 ERHSHA  RAET DMSO FC A [
FE, B 1CS MMARE TR SEE0 4 RA &40 6 41, RA %
W 0.01.0.1.0.2.0.4.1.0-10.0 mol/L, EL 0.1%
DMSO A4t A

1.2.2 MEBBESEIIESF Bokbrs 8.5 d
ANER, T RS ECT R, TR PR A R
PR AT A F) WP Reichert” s I S HE 2 O B 58 154
L) O S BRI E WA RS (2~ 5 4K71) 58U MBS A 2]
FAR 50 ml % 1CS MG TR, B 3 ~ 4 K, B ds
FEMIELRE IR 48 h(37.5+0.5 °C,30~40 r /min)o 7
W FREFEIFAAR I 167 26 h FRARE TR A T B i g R A
SR 2.5 min, HHH (0,: CO,: Ny BHAKIN 5 :
5:90; 20:5:75; 40:5:55. 48 h &S, £
0, 0.4 pmol/L RA 4, FEZL 5 /DN 3 AN [A] (55 77
B 6 HUME AR EEAT B0 3 T 3B RS KR AR I

1.2.3 HHFHBEWE WECHFE 48 h /5, K
2 39 R M E 2 hy 19%8KIRME 2 h, BAE LR
K, LRSI E e 20 min, —EALRRIG A S TR B
TS OB, & JEOL FLBE N HIHIU EE

1.2.4 BdUBAERW FFRLLH 2 h ¥
1 %o BrdU(25 mg/ ml) MIARGFRIE , GhalhiFR 2 0
WORIR NG . 49 22 58 W RE [ 2 , 5 IEVRRE I 7K, — R
W, A, DI ()8 5 pm) , DL ORI 2 R 511
FEATK o PBS 3K x 5 mino 3% H,0, BT Py M I 44k
Y 10 min, 07 S W B 15 min, L2006 H0
1 : 500 F B BB -BrdU PR FCREDUAR, B & 4 CIE R
PBS 3 K x 5 min. 1% SP-9002 %35 4 AL AR & b A7 AR
WIEA PR BB R I BE R ON (1 R 455 . DAB (4,
WU . DL PBS AR —HUAE I B

1.2.5 TUNEL @ UIFANZHIZR. WKZEH

Centrifugal Serum,

S
Q)Q‘\:\ C//,

O WA W e
(o) it
wn

o

J7K+0.85% NaCl 5 min.PBS 5 min-4% % RH W 15
minePBS 2 X x 5 min.20 ttg/ml AN K 8~ 10 min.
PBS 5 mino 4% Z %M EE 5 min. PBS 5 min. Buffer #
AT 5~ 10 mino Al TUNEL KN 37 °C ¥ &G 3L
1 ho 2xSSC Eil#¥I 15 min L& LR V.. PBS 3x 5
min, A4S 1 fluorescein-12-dUTP. %% B4 X
o DAAN IR B i B B AE 0y B X B LA DNase B 195%
THAGAE R BH XS

1.2.6 PFAMHARBSETE NEGAD) 7 TbE
BRI 5 5k V) 7, 18 400 =& B & vH4 500 40, Jf
THEC A PR M g 4% B AT BedU 5 A %A
TR

BrdU $8 A3 () - DO PEAVBAL

500 100-

TUNELFH 4 41 fu %«

= 500 x 100

1.2.7 CRABP I VI REAN CRABP 1
(Cellular retinoic acid binding protein) & NCC {5
M1, \TLLE NCC R4 VI DA WG S R V1
FEAIKo PBS 3K x5 mino 3 % H0, BHW Py #4640
Y 10 min, RIE =WEE A 15 min, BIEZ0E. #h0
1 : 1000 FiRE [1)2E9T -CRABP 1 £ bk, i 4 cit
o PBS 3K x 5 min. % H SP-9003 f i 2 AL R AT
W EAL PR BAR B bR BE R U0 (1 2 45 A . DAB 2
o, HRE e LA PBS AR BN X

1.2.8 CRABP I ¥4&HREHAL Wk
Dent’s [E] 72 (DMSO: FlE = 1 : 4)[fl2 4 I . FlE
Bk, 5% HLO, TRERWHREE, W01 : 1 000 FikerF
Pt - CRABP 1 ZaBEdifk, a4 °C 3 do #%HSP-9003
98 20 AR R G 1B AT A ) 3 Ak — ORI BN Tl A 10 i
GU I #E LA DAB R, R B o B PBS RO —HifE A
AR

1.2.9 Sit%¥iE H SPSS 10.0 #AFaE L5
FEFIEAT I7 25 53T (1SD B Dunnett’s T3 ¥2%) » PIAEANIYEL
ILERGHAT ¢ K050, o = 0. 05 A KKK E

TR (%)

2 & *

2.1 HEBBSEE DRARKER48 LE RA
WFRAA IR HIRZ MR S TE . REAR, KEAL, H
— M3l (Fused Branchial Arch, FBA) (¥ 1). 7EVTF
ZAFTH, 0TS R R A E MR bR b U, T R
I Van VB0 R G0 I8 - 158 R b2 I A
KBl AT I T — B8 5 e S|P Fa AR, o
— IR, RUFRRICEE (B 1A) . ZEFRKRIE (0.01
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T

mol /L) RA X 5 oA R M. RA=0.1 tmol/L I, 55—
RS ACRE () BB AN (vy) B RA SRR (X) B98I T~
B o AR RS REANIRD, X Rl 2 [T U 5 FE 503 A«

¥ v=1.642-0.849 1gX,r= —0.947,P=0.002

¥,=0.204-0.111 1gX,r = - 0.977, P = 0.000,
PR R B (1 =5.093, P <0.01), HA il = AN E b
RA 38 i B 0.4 pmol/ L 41EMIH &, H.
RREIET - ZAN T (29.4% ), FTUAFRATIESE 0.4 tmol /L
IR R SR A E— 0 SORT AL (0 AH SS9

Hi SEM AT WL =Fh R S e . —ERKEAR,
SRR — 8 (G L. Naisd) tss =, =S W
K (B 1A)5 117 0.4 mol/ L RA AbEELL 5 — I =5 AH b B
BN (B B). —RKEAS, WH Mok (K
IB) o — WS, B 1 r s — IS Bk a .

1 RAXS /N BRI 5 B 15
Table 1 Effects of RA on branchial arches development of cultured
mouse embryos (X =s)

RA Number of Length of BA
(1mol * L-1) embryos Number of BA (g;h]m)
0 33 3.00 £ 0.00 0.41 = 0.07
0.01 20 3.00 £ 0.00 0.40 = 0.03
0.1 20 2.60 = 0.30" " 0.32+0.06" "
0.2 23 2.39+0.23" " 0.30 + 0.06" "
0.4 34 2.16 £ 0.37" " 0.26 + 0.05" "
1.0 36 1.93+0.28" " 0.23+0.04" "
10.0 20 0.40 + 0.16 " " 0.06 + 0.03" "

* % Significantly different from the control, P < 0.01.

[ 1 = | S

1 RA P53/ BUE G IR =5 H L2 (F5 )L, 100 pm)
Figure 1 Malformations in branchial arches induced by RA treatments
in mouse embryos (Bar, 100 um).A: Control; B,C: 0.4 pmol/L RA

exposure group

2.2 BudUBAZR BudU fEB A S W41 M B
B DNA B, BrdU 5 A\ 80T LIAE A 41 I 4 5 19 4
Fro #% BrdU bR i) S W40, DAB Zs (a3l iz 2 A% 3%
. H BrdU B NERLINIE 5 NCC BGFA IO, 45 R 2o,
0.4 tmol/L RA ALFEANE TS BrdU £ A LT HE 2 gk /b
T 62% (% 2).

# 2 RAXBrdUB AL
Table 2 Effects of RA on BrdU incorporation of branchial arches
(x z=5)

RA BrdU-positive cells
(1tmol » L-1) Number of embryos (x 10-?)

0 22 45.8+3.1

0.4 24 17.4+2.5""

* * Significantly different from the control,¢ =34.33,P < 0.001.
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2.3 TUNEL&R 2R 5o, 8740 M 5 008
SEITE SR X R AT R > B T 40 A7
76,10 0.4 rmol/L RA AbHRZH I T 41 B BH 34 o 1
P (AT) AL B2 L6 AL 2038 0 T 6 6% (B 2, 3% 3)

*£ 3 RAXIESJH T
Table 3 Effects of RA on apoptosis of branchial arches (¥ = s)

RA Apoptosis index
(1tmol » L) Number of embryos (x 10-2)

0 23 4.8+1.2

0.4 24 28.5+2.7" "

* % Significantly different from the control, ¢=38.59,P <0.001.

B 2 RAXBESIETIRGEN (bR, 40 pm)
Figure 2 Apoptotic changes in branchial arches of RA-exposed embryos.
Sections were stained with TUNEL. A: Control; B: 0.4 pmol/ L RA
exposure group

2.4 VIRGBEAMER YRAE M5
CRABP 1 KIA®HE —. =755 (B 3A), 1 0.4
tmol/ L RA ACIRA S —8 =5 CRABP 1 Kk B, 5
T MRS R E R AL (K] 3B) s 7E FBA H, HI S EB 4
FIKTRIGBAT W G153 0 (18] 3C) o X2 AR — — I
H1, CRABP 1 FKIABHPEM NCC 2 A T I8 =5 1 i
CRABP 1 KIAFIPER) PMC J& T RE 5 (¥ 3D) s 1
0.4 tmol/L RA AL BE4 NCC 5 PMC ¥R A% 50 A T I
i, 2k 5 T IER I/ AIRES (B 3E,F) .

Kl 3 RAXES CRABP I KIEMEN (F2)1:A,100 pm; D,50 pm)
Figure 3 Immunohistochemical localization of CRABP I in branchial
arches. A: Control; B, C, E, F: 0.4 pmol/L. RA exposure group



2.5 BRGBHLGER 0 AL RSN R
HIL 3 4405 2 NCC I ikAt, HFHEE T —. =
(I 4A). 0.4 prmol/L RA KbERAL IR T 5411
NCC iTRRIL, AMIRIH T SRR TCVL R, B 5
BT S BH A 4 M (1] 4B) o

=

Kl 4 RA X NCCITBIEEM (351,200 pm)
Figure 4 Anomalous migration of cranial neural creat cells (NCC) of
RA-treated embryos. A: Control; B: 0.4 pmol/L RA exposure group

3 i i

ASLIGWIIT T RA 75 ARG 1 7%/ B B0 i B
ST R B LG . RA 5 S/ BUR S BB A K E
AR, KBNS — RS aE, JRE— M=
LY R - N OE R . X5 DURT RA 15 5 I8 5
ORI DA S 8

RA X T4 Mo 58 PR T AL B ZRE I VE T .
5 RIS B DAY BT 40 R 8 5 ) sk D R T 2 L O
BT R oR g 3 A SR 10 255 ) 1k Y SR AR IR
GRIR I e NCC 3458 Bl 55 DIAERIF T 45 R — 30, Ak
5045 RA Kb FEA] BrdU BN R 5T 62%
K RA Ref% B WAMEIIE 5 NCC Y 5E - X b I % i R
A Bl e — MR I S s PR IR ik 2 5 Dl TR )
I, AT I e i R S ol i S SN RE R . 53— Fb
Pk R LS e NS R R SN B R TE B R
TUNEL 45 K& W] RA 75 S0 5 NCC 1B W3 i, b2
41 AL 29 A5 FRZLI 6 1% o Evrard 25 SWFSUR15 2 T AHA
48, 455/ RA J5, 4 TUNEL A% S HL 68 I 220
SENEREE — RS PR TR N X e g AR R, IR IR
ANBR KRSy 1T NCC I TS RATEEAT T BrdU,
TUNEL FIRTI, 4 S48 IR 5 (k2 o] 5836 43 th 1 11
=5 ) 78 Jo 400 PR 8 ol e %l a3 PR R 1, DA B L
HEHE I 27 00 40

J K JR ) NCC Il T = 454635 T 2, 4, 6 22K
WNE TR R AT, B — S =S B RA
753 5 WL B AR (T BN T AR T 1R 3 I AR
A — 4B 4 7% I i1, BARBER IR Uk

SCy
Q)Q'\:\ C7//

O W Wk gk
ol

a0
Ao WS R E UERIFFFAREL B, RA X CRABP 1 %
IR TE DL SRR B T H NCC AT (15 . RA Ab 21
41 NCC 5 PMC R 2 T IE W M SRR (0 i A RS, TR
FefE i, KU NCC T KA TH . 25— 5 1 NCC
S IR N IR, B e, HA R T
TR RS T NCCAH IGHE RIS AR 1 g i B NCC 1)
Wi . AR, EbB4 SR/ I T S ik
(1) NCC W HF (1) 55 3T # B 6 I HEAT (R IF 5 35 1 )
FPH I AT ephrins S ILZ AR FHLILSZ ML 14
AHELAE ] S 25008 28 (07 2% % AT L, RA A4 AT el L FLAS
3 NCC TR IZEA, 41 ErbB4, Eph 3244 K& LHC RS
F NCC W ITH .
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