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Folic acid antagonist methotrexate causes the development malformation of heart and
down-regulates the BMP2b and HAS2 expressions in zebrafish
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University, Shanghai 200032, China (Gui Y-H, Email; yhgui@ shmu. edu. cn)

Abstract: Objective To study the effect of methotrexate (MTX) , a folic acid antagonist which can lead to folic acid
deficient, on the cardiac development and on the expressions of BMP2b and HAS2 in zebrafish. Methods The zebrafish
embryos at 648 hrs post fertilization (hpf) were treated with various concentrations of MTX (0.5 x107*, 1.0 x 10" and
2.0x107* M). At 48 hpf, the percentage of cardiac malformation and heart rate were recorded. The zebrafish embryos at
6-10 hpf treated with 1.5 x 10 > M MTX were used as the MTX treatment group. At 24 and 48 hpf the cardiac morphology
was observed under a microscope. The expressions of BMP2b and HAS2 in zebrafish were detected by in situ antisense RNA
hybridization and real-time PCR. Results 6-12 hpf, the early embryonic developmental stage, was a sensitive period that
MTX affected cardiac formation of zebrafish. The retardant cardiac development and the evidently abnormal cardiac
morphology was found in the MTX treatment group. The results of in situ antisense RNA hybridization showed that the
expressions of BMP2b and HAS2 in the zebrafish heart were reduced in the MTX treatment group at 36 and 48 hpf. The
real-time PCR results demonstrated that the BMP2b expression decreased at 12, 24, 36 and 48 hpf, and that the HAS2
expression decreased at 24, 36 and 48 hpf in the treatment group compared with the control group without MTX treatment.
Conclusions The inhibition of folic acid function may affect cardiac development of early embryos, resulting in a retardant

development and a morphological abnormality of the heart in zebrafish, possibly by down-regulating the expressions of

BMP2b and HAS2. [ Chin J Contemp Pediatr, 2007, 9 (2) :159 —-163 ]
[ W H 112006 —08 —03 5 [ &[] H 1 12006 - 09 - 27
[BE4WH ] LTk Wiy B (054119512)
[VEF A TONBUS , <0 09T A . X005 18] S KO s B4 &R LR 9% o
[l IRAEH TR, 8%, 144 500, &2 R 2% JLRHE B¢, B 4 : 200032,

- 159 -



9 EH2 W P E SRR & Vol.9 No.2
2007 £ 4 A Chin J Contemp Pediatr Apr. 2007
Key words: Folic acid; Methotrexate; Cardiac development; BMP2b; HAS2; Zebrafish

SeRME 0 IR (CHD ) 2 ™ 1 3 )L 3 AE 4 Al
AR , TEHOE 2 R IR R b A R = N4
ZM o KEMWATIRE Ao 45 8 WoR , 230
ZE T B MNP B B8 A I R axk D a2k Bt R 1Y
AT R EUR )L R AR S KM O IR P 284 R
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1.1 SLIgzh#

AR RIBE L f8 (AB £ ) W A &8 Oregon K2,
TRV A G N E E Aquatic Habitats A @8 5|, 24
Y[$% HE Zebrafish Book Hb i A LU i Xt A& & B
Beitt A 3 W0 910 52 50 45 20 B £ JIE 1 B A A
RERB o T AL 24 52 B IR BR7E 24 hpf TFLR
F10.3% KAk (PTU) ZbEE LB 11 2 R BT il o
1.2 SEIgiK

MTX ( methotrexate hydrate ) ¥ H 3& [E Sigma 2
A A I PR B A 4248 i R I B Takara
o HE R ER RA ],

1.3 FEXLWNF

GHP-9160 & 7K =X 15 & 35 5% 4§ . OLYMPUS
SZX12 s M B R 2 45 o
1.4 RERREEMRIRAIZ:3R

K H Primer3 8521150 50 BT 75 L AR A B
15190, i Sangon A=W\ FEI G L. BMP2b L-1iF514)
5'-ATTCCCGAGATCGACCGAC-3', N I 5l ¥ 5'-
AAGTCTTCATTGGGGAGATTGTT-3', HAS2 I i 5l
¥ 5'- AGGAAACATAAACTTAAAGCGTC -3, i
514y 5'- TTTTATTCCATAGATTTGCCTT-3", #4775
ABE L BMP2b ¢DNA Jv B i 5 20 [ ki Fl & A
HAS2 FBry s 2 ok, f 41 ok g ML e, FH RNA
KA Sp6 (RSN sk = E AR IS 1 i S RNA $#85F
JRJE 18 0 B S v 2% 28 44 BR. Zebrafish Book HvAH S #i
WRHEAT

1.5 Real-time PCR

¥ H Primer3 #4453 T Real-time PCR 525
1Y) BMP2b F1 HAS2 751%), Hi Sangon 4= ¥/ w) & Mo
BMP2b | 3i31%) 5'- CTTCCTCCTCCGAGGCTT-3',
™ W 51 ¥ 5'- ACTGGCATCTCCGAGAACTT-3',
HAS2 b 3514 5'- TGGATGCAGGTTTGTGATTC-
3", FIE5 4 5'- CTCCTCCAACATTGGGATCT-3',
TARBE Ly 12,24 36 J 48 hpf £ [E] 211 mRNA,
Wi 5kl eDNA, SRS LA cDNA R Fi LR 5]
)17 Real-time PCR 524, R EKE 3 ML,
VL B-actin R NZXT R
1.6 ZitoHh

TSRS ER 5 K (n=50), %485 & LY
B bifE2E KR, ] SPSS 10. 0 Ge it Mk i 47
%5315 Mo Real-time PCR 32 L6 4% 5 5% H ABI7000
Bt it PCR ARG 73BT A4 24T 5347 o

2 #R

2.1 MEFERFIMIX FRRD&OELZS

PEEL 0.5 x1077,1.0 x107°,2.0 x 10 > =Fpik
FE) MTX, X} 6 ~ 48 hpf X [a] N AN [F] & & B B (1) 5F
S RG AT BRS 75 48 hpf T G0EE T 34T
= RATRI, b MTX +Heit By 1) J5 RS, 36
RGO ER B SR 0 o He s A AR Y
DRI, R — TR BN, BE MTX T3tk &
ARG, MR B S8 B E 43 LU N, 236 IR 1Y)
DB TR, 5 HANANEERT BeAH L, 6 ~ 12 hpf J&
B A0 R JiG X MTX (1) A8 X B0 B ) (P <0.05) i,
B 1,2, 4k X &3 6 ~ 10 hpf 2 5 5 £ i i %t
MTX (1) =20 . 7 6 ~ 10 hpf T DIBE 0 iR i
1.5 %107 M MTX J5F 24 hpf £ 08 FWLEE, IE
O FRZH B £ )5 4RO 4 ) I R Bk Bl
MTX G FRZHBE S 2947 (67 £2.4) % (n =50) (IR
JRTE AR O A AR B Bl , $275 MTX Ab 2 20 5F
DA IR E R, 48 hpf G0 T AL R &
L MTX AbFHZH 2945 (82 £1.9) % (n =50) FEE
WG DR B 58 . ik OER T S8R
B SIEEXRAM L, OB O0EY K OHLER
BAR OO E AL E T E O HT XA [F) AR B K
(WL 3) IR 03T RE GO NEBRSITE J) KA A
i (R AUBE T LR 4 00 I 40 B A ek 20> | ot 97 3K B
NS S A AR R T R IR AGE AL ) o
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2N I Ak BRIS B (hpf)
Bl &MIXQEBHANMEAERE MG
m 2x10°M
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200 0 0.5x10°M
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NG 5 b BRI B (hpf)

B2 & MTX EANCENSIT

12~18

3 MIX FHEHS&LHELZENRERE, (U
1.5x10 3 M MTX 76 ~ 12 hpf ZbFREE A1 IR I , T 48 hpf 76 B i35
THATIES) ALa: IER X AR DM B, b .0 OERLTAR,
DB GO EN B MBI A O X B B C e b B LD EY K,
FER OB ALLZE I ALE 578 SODHT X B K, a,b, e 533100 A,
B,C aERE ., (KIhEikiia, V. ventricle, [>% A :atrium, 0> J5F)

2.2 MEEMEEEZWH SIS & BMP2b,
HAS2 RiXHI %

2.2.1 REZRXZERSFrBRAYFERSIT
AT s & BMP2b HAS2 th % ik FE6 ~10 hpf
BE D fik i & B X E N T L 1.5 x 107 M MTX J&,
T 36 hpf F148 hpf 75 5 T USRI vE H O NE &
B H G K H 5% B ARG A T A0 = 58 5

v-“ §.
A L B Wi

4 FENEZHERBREEWNRAS MTX FiH4A
36 hpf 2 48 hpf BMP2b HIRIENE MR . A 36 hpf 1IEH %] 8
45 A’y 36 hpf MTX 4bZHZH ; B Jy 48 hpf 1E % X i 2H ; B’y 48 hpf
MTX AbFRZH . TF 4 BB 5 £ BMP2b T 36 hpf 148 hpf 7E.0E
A BOE WA s MTX Lb 320 B 1 a5 X B2 A 1L, BMP2b T 36 hpf
148 hpf FEC MY 26 15 W b D55

Aal

B5 BEAFEZTERERBREEINRAS MTX TH4E 36
hpf % 48 hpf HAS? BIRIZIE M. A 36 hpf 1E 4 % R4,
A’} 36 hpf MTX AbFHZL ; B iy 48 hpf iF 5 %FHAZH ; B’k 48 hpf MTX
REBHAH . TEH N BRZABE L5 HAS2 T 36 hpf F1 48 hpf 760 JERY 53 %
AL RIS, MTX Ab 320 B 1 £ 55 % B2 A Lk HAS2 F 36 hpf
1148 hpf 78 57 %5 38 FA Y 235 X3 H 2R 35 B el 55 .

¥, 45 Lk BUAE IE W % R 2 B T b, BMP2b T 36
hpf F148 hpf 7EE 5 0 YA B 3Rk . 55X
MREHAHLL, BMP2b 75 MTX b 320 I8 i .00 U 1 323K
T 36 hpf 148 hpf T8 ( ULl 4), HAS2 #E 36 hpf
S 48 hpf 1F % R b Ry BRI T B E fau0 Ik b &
ZFAE, MTX LbPRZ A6 5 1 5 % B4 A L, HAS2
(Y IR TE I T A B[] 6 340 R R O HL 338 XK
(WES5).
2.2.2 Real-time PCR £ R B Ret R A M FER T
G & BMP2b,HAS2 ¢ % ik 495t 3 T %

T£6 ~ 10 hpf Bf SRR E B XA TLLL.S5
x 107> M MTX J5, /51T 12,24 ,36 Fi148 hpf 7¢ &
TR T 0 18t R B 50 09I R AE S 45 B[R]
MTX b FRZH AR NG , 5 [A) 3 1E 5 X AR 40 IR AG E 1T Re-
al-time PCR SZ5G , kil W5 41 2 [5] BMP2b il HAS2 #H
XPRIBEM 2Z R IE . 458 WoR BMP2b Fl HAS2
TEIE B X B4 T 12 hpf 2400 24 K ik, B 5
BMP2b 7¥ 12 ~ 48 hpf [X[i1] Py H 3 3k 1 2 i 3
HAS2 f3RIKAE 12 ~ 36 hpf DX [] i i, 48 hpf Y
AHXT IR 36 hpf BT FE (BAT) T 12 hpf 71 24
hpf, MTX 4h P 20 i 5 1E 5 X BOAL A0 L, 76 12,
24,36 1 48 hpf 451} [A] 55 BMP2b ()3 1k 5 ¥ 0 i
TR, PIZH 12 hpf HAS2 I RIAE TG FH 2R, 7F
24 361 148 hpf #%-HJ 8] &5 MTX 4Zb B4 HAS2 13
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ki GIEE X A LI B R, (LRI 6,7) . JR IR0 IR 2 8 1 S A A 70 R e A 25
Mo MTX SEBE D a8 i 0 IE & B IS 58 AL

30 —— XTIt Vi REL v S s N 3
s PG , AR MTX AL T4 T 5 i ok 9 9 A5
ERR) SR IR BE D o R G 0 IE T BE AR T RS
£ ?///j////§~f/4 MTX 7E 6 ~ 10 hpf FLL1.5x 107 M iy MTX &, F
Z 05 48 hpf F]LEER] 82% A7 B BE E i iR Oo ik & B
0 WA CAHWRUIHEE DM 6 ~ 10 hpf 4 T 5%

12 24 36 48  (hpf)

6 Real-time PCR ZR B RIEFEIEBHES MTX F
$t4H BMP2b A RIZE
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12 24 36 48
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7 Real-time PCR R B REEWRAS MTX F
Hi4H HAS? X RIixE

3 i

MR+ R B RAEAE R AR N B =
PR LA W 2 P 2 A ] B0 2 e KA
PRI LE o AR A DY S R AL R
6] HAE W) TG PR SR A B B 2P R 2 — , RO,
SEAW R 52 e DU 2 IR Y A A, T I A S, 10 — I
FE DU AR G BN A o 5,10 — 37k O S i 2
— R U e iz — i AL 2 5 A AN £
HEL S AE ) A 0, AR A R A U T
FE TS IE R e LT o IR RS 4T
) MTX GBS AN AT 3 1) 15— S0 R34 i 285 - i 410
) A, AT L 1 S0P R 1] P S R B AL, BELIBTY
TR A A T B AR AR & Y 9 S BOR I
KA 2P A IR R A A PR (i
MTX) ] P8R L& A e RO IR 5 . kA48
B LR BRI , 1 AR PO MTX Al i A 5
Ko rp it R AWy T PR S M A Sh R, B st
AW BE S BRI K T R, D R ST 24
hpf B B0 45 F5), 36 hpf 52 )80 45 1111, 48 hpf
OIERIE AT 5e4r. H, RS apiriaE , T
X MEAR T Al B AT B AL, AR SR AT
IR AR AR A R

FESER A, AT K B RS BT MTX X B 5 #

R (5. 25 ~ 10 hpf) , 33— B3 X6 4% R 2 41 Jfa 7
ONEE I 1 Ae A v o M 0 M 8 3 |
J45 I 3000 B R 28 1 20 AL FIE AR 56 TRt
SO IR IR & B RN A3 Ak 1) S RT3, 3 — B A1 B
AT R 2R R S s i O R B . FRATTAESE g
JITFRAS Y MTX 5 10 BE 5 0 B 2 7 A0 e 4 S el B
BRI 6 ~10 hpf 5HAHW) & o AW 5T HE M%)
G AZ AN T BB D AU R E R A AL
T THIHRVT
MTX i B I TR A= 400 2 3 M 32 A RT BE 5% i)
T —F B0 NE R B A S5 R I 1 BB ) f0
& & 5% o BMP2b j TGF-B FKIIW K b1, HoxtF
I HF VRS2 4 L300 2 7 RO UAELAR i 1 A K — 8
O & B A B 4 NKX2. 5, GATA4, GATAS,
M GATAG6 5y F ik +rm B EobE kM
FH BMP2b 19 40 1 57 Noggin 1 4l BMP2b 1) 3 fig
JEH, R Rk M e B Rk 2 B
H71 S BMP2b RUFIE TG & & 4, i I 4
—RINDIEE B HCFEH Rk, ik, FRATHE
% & A R A WA T 2 S 5 T BMP2b
FRITIRETT S BB SRR DI L & 25 iR
1222 e Real-time PCR {75 BRI T 1E H X6} B 21
5 MTX Zb34H BMP2b B3R5 [ 57 4238 AT LA
Xof J R (R R Ak 2B A 70l 2 37 W 2%, Real-time PCR I
Xof FE PR A i o (8 B AR R A A TR . B £
(.0 MEZE 36 hpf 58 B0 HHL M, 48 hpf 0 ERD L %
B oe4r, WL R) 5 7F S 3 E T T TR BT b X B )
D IERTE S HATINES . IR 2438 IR SR 5
IEH X RE LA e, MTX Ab#E 41 BMP2b 75 3 5 fa 0
JREERAV (Y 2235 7F 36 hpf 1148 hpf Bt#55 . Real-time
PCR %53 7k MTX Ab P20 55 1F % %5 B8 41 41 L,
BMP2b 1) 3355 AMYAE 36 hpf F148 hpf I T FE, .
7 12 hpf Fl 24 hpf Bt BMP2b 1) 3 ik ik B 60
RS R R A Y 2 E TR Z G, H BT fa iR
G E HIN RO NE R T S8 BMP2b (13635 M
GRS NN SN = =
VAR SRR GE W], BMP2b %t T HAS2 760 LAY
Tk HaEE L BT b S (HAS2) 23V R
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MR (HA) A= B O T, HA 20 ot v iy EE 2 4
PR o TR U A B4 P B AT 1 () 7 I 4 ) b
X D 3 A8 Koot JIE 04 43 B R0 JES ) T8 B 4 G
B HAS2 R A R HA T G R A &
TorEE, NSO NER R B % UM G, Bl HAS2
FEPRR G R RG O WE SR HA L, A 7™ A0 JUE 1
ERERWEAENAEIT 9.5 ~10 dFET:, KD M
HAS2 7£ 36 hpf [ 48 hpf 5¢ 5 M1 335 T 5 = 2 FA4L,
FATI LA HAS2 1)k 155 DLW 5R s 28 38 A1)
BARBL , IR 5 5 R A W) 2 T A A2 1 3 3L
MLONERE 55 A Ko TR 438 45 5 /R MTX 4k
PHZH 55 F 5 % FRALAH L, HAS2 T 36 hpf 148 hpf 15
s A B R 3R Y B3 K, 00 I i 28 28 Ak
Yok, H HAS2 FEiK58 )% N, Real-time PCR %%
R R MTX ZhPRAE 5 1F & X REZHAH e, HAS2 m 3%
INTTE 12 hpf 22500 W 1, 75 24,36 F1 48 hpf A~
IR B R, AR R FRATI R A= P2 0 T 52 0 3
B £ o7 3 S8 ALY 5K, IR TE IR IG & F 0
HAS2 133K | 3X AT B A2 R A ) 2 0 M 32 105 30
DGR E FE S —HL . HAS2 33k T H 1
J PR AT fig 55 R A ) 2 T 1 2 4 S R B0 BMP2b 3%
KN G, WA REAE W) 1E M2 WS B T
HAS2 (3235 , BARI 4> F ML RE it — 22 BE5% .

HATE P A2 5 CHD il e T oY 32 3
T AR AT, B A A ) T J i g AR
YA TE Ve SZ I B R i = 530 CHD 1 & A L i A
ML FEBE D p I R L AT A 5 H AT e TG iR
iH AR S 6 ) AR A 4 BE ) T R S SRR AT 5T
A BT ) BN 2 i i A 4 2 30 PR A2 352 30 CHD 1y
B, IF48 A fd
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