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dhfir Bt LI 3235 0 QWL 0 RN
O AR T S0 (8 S8R50

B OB R Ak

(1. 12 RFWBEILAERSAF, L 201102; 2. 2K FHE T ERRS i R R T,
L 200032; 3. LT HEAARERILA, L 200235)

[(WE] BB WE_SMIRICEEEN (dhfir) 2 255 QBB o RGO E RN & & 54 i1E
I, HERTHMUGR . Fik ROMNESE dhfir mRNA F6 3 A0 0 ABE S (a2 K500 A8 difr ek, IF
AT B RRCRIRUE BRI AE BT 40 7 M I W X IR L . LA BEAL (400 mmol/L ZFEHET ) . LW + dhfr
mRNA 2 ( BHEES 6 nl dhfir mRNA) , MRS AMNIGH R LT H . LA d, AR aIOLE AR
OIS L R BEDS £ 2R Te(emle2:meherry) WUEEIRNIR L 7 FLOZE 0 & BORGL ;s I 26 it 5 L8 1B 11 R0
S AR OB B S & B O Wi 0RO B BTG O U REIE L. A EE L R ET Rl 1 IR
IRJF AT 4258 % Real-time PCR ¥, R IARIA nkx2.5. thxl . flk-1 LR RGN, SR S0 MAMt, 2
% + dhfr mRNA ZHBET ARG & B S50 0 R e TR, fEm a0 R e E LT (P<0.05) 5 OF. O=E. OIE
it TE R R B SR RO T REE U] MG . L REANFRA] nkx2.5 | tbx] | flk-1 mRNA [YF KA 4
TR (P<0.05) 5 LT + dhfir mRNA 4 nkx2.5. thxl . flk-1 mRNA BYFERE A WEAN A o, R R B IE &
XTRRZHAKOF (P<0.05) o 518 dhfir BRI FR T EE 0400k £ BE PR BUR G ORI & & S0y, LT e S
dhfr ST R )G B CBETEU nkx2.5 . thx] | flk-1 KRR
[ MELRILRIZE, 2020, 22 (8) : 916-922]
[RBERE ] dnfr KR OB OB M55 nkx2.5; bxl; flk-1; BE5

Effect of dhfr gene overexpression on ethanol-induced abnormal cardiovascular
development in zebrafish embryos

SUN Shu-Na, JIANG Qiu, LU Ding, GUI Yong-Hao. Department of Cardiology, Children's Hospital, Fudan University,
Shanghai 201102, China (Gui Y-H, Email: yhgui@shmu.edu.cn)

Abstract: Objective  To study the effect of dhfir gene overexpression on ethanol-induced abnormal cardiac
and vascular development in zebrafish embryos and underlying mechanisms. Methods  dhfr mRNA was transcribed
in vitro and microinjected into zebrafish fertilized eggs to induce the overexpression of difir gene, and the efficiency
of overexpression was verified. Wild-type zebrafish were divided into a control group, an ethanol group, and an
ethanol+dhfir overexpression group (microinjection of 6 nL dhfr mRNA). The embryonic development was observed for
each group. The transgenic zebrafish Tg (cmlc2:mcherry) with heart-specific red fluorescence was used to observe atrial
and ventricular development. Fluorescence microscopy was performed to observe the development of cardiac outflow
tract and blood vessels. Heart rate and ventricular shortening fraction were used to assess cardiac function. Gene probes
were constructed, and embryo in sifu hybridization and real-time PCR were used to measure the expression of nkx2.5,
thx1, and flk-1 in the embryo. Results Compared with the ethanol group, the ethanol+dhfi- overexpression group had a
significant reduction in the percentage of abnormal embryonic development and a significant increase in the percentage
of embryonic survival (P<0.05), with significant improvements in the abnormalities of the atrium, ventricle, outflow tract,
and blood vessels and cardiac function. Compared with the control group, the ethanol group had significant reductions in
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the expression of nkx2.5, thx1, and flk-1 (P<0.05), and compared with the ethanol group, the ethanol+dhfir overexpression
group had significant increases in the expression of nkx2.5, thx1, and flk-1 (P<0.05), which were still lower than

their expression in the control group. Conclusions

The overexpression of the dhfi- gene can partially improve the

abnormal development of embryonic heart and blood vessels induced by ethanol, possibly by upregulating the decreased

expression of nkx2.5, thx1, and flk-1 caused by ethanol.

[Chin J Contemp Pediatr, 2020, 22(8): 916-922]
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SR OIER SRR O NS R LB
P BN, T G L A A A,
HRIRAAETE 7 B )L 2920 6%0~8%o, FE KM
TR I EORE R TP CFRAANE 2 1H ik
WA S XTI IR L B AT E R, Al SE
BILIRS LR GAE, O BGRB8 1ML
SRAERILP R ARG Y, HETAn TSRO R
2 b} OISR ABT G & B S B B R A

MR e —Fh oy EE R AR R, HRTa i
1B —PREALTTA BERS | BRNE . AR . HE W&
IS AN o BN AE KA AR . AR,
T LA IR 2 ) DL 0 & s o0 R i 110 3250 e 4
F P e ERIE A AR N & A Y A 138
Ferp, A RIAERE (DHFR ) XF T MR A #4:
YrrefEJC RS, ARG IR 5L (dhfi)
THRE T VR B BB BT Al SO R 1 A= 1 25 0 M
ZEE, NSRBI EE S5 Y, 1 dhfr Sk
DX ) RE 1 5 T R ol A A bR R BE RS . H iR
L% dhfr JEADIRERG SRS, 275 4R £ 1 B BUMR
0 ML & F S8 A RIS/

AR TR B A W BE £, WSS dhfir FEK
ot FIB G X CBET B G O IE B il A K F S Y
PR, Jfad kI i 8 % B B YA DG A
nkx2.5 thxl fik-1 {215 KF-BEA T 00 - Ry L
PRIF, BBy th TR R A 3] R B At TS
5 LSE R IR AT A BIRHR HER
1 HRETE
1.1 LY
FEH 250 M EEH Aquatic Habitats NE | HE,
5¥ A2 R BE H 8  F 56 [ Oregon K27, BE a0y
RO 2K, e f0 R0 £ 4% B 101 19 LU A9 FE A T
BT [RGB A A £ e £ A
B, K H Y R B AR S M £ 5 e £ 2 I, AR
ZAGIN AT, WA RVBE L 0 S 2T A O
Fric 0 WE A9 Te(emle2:meherry) 3 55 £ 4 52 K5 U1 &

F 28 CWF L (60 pe/mL W3R ) FiEfk, fEk
MO BB EERRIE B AT, B RE R
Ma¥E IR . TR 22 IR SZ K5 J5 24 h (24
hours post fertilization, 24 hpf ) F 0.003% & &7 Ik

(PTU) ZbFRLIRG LSRR AT, B A2 R B
i B8 Kimmel %5 P FliR Xt & & BB, SER e T
He RUBE 5 i ) Te(emle2:meherry) BE S £ W 1T,
Tg(cmle2:mcherry) BEEy A T304 7.0 55 FlLO 3 1
KB R RINEL
1.2 dhfr-GFP mRNA % dhfr mRNA B4 B

4 48 hpf B A= FBE ) R JG 1 5 mRNA,

Ze Wi ARG 4K cDNAL 22 PCR ¥4 dhfir 21K
cDNA, $#9" 3 #Y dhfir cDNA M pT7Ts-GEP # {&
WY E RIS dhfr 221K cDNA [
4 pT7Ts-dhfr-GFP JFi ki; B 344 1 dhfir cDNA K
pT7Ts #ARZ W V) 5 42, RS & A7 dhfr 221K
cDNA 1 2 pT7Ts-dhfir ik; L 1] 5% [ Ambion
28] Y mMESSAGE mMACHINE T7 i 7 & M 8 41
[ kL R A A1 S dhfr-GEP mRNA & dhfr mRNA,
FEANE w5 T 30% 1Y Danieau E T, BN
40 pg/ml, BT -70°CEH
1.3 SXWH4E

(1) PFBp A BUBEE f0 73 I H 0 B2 L 37
XTHRZH (WA ST 6 nL Danieau 5K ) . dhfr-GFP
mRNA 4 (B3 S 6 nL dhfi-GFP mRNA ) , #47
dhfr 3 3R RCR KA, I BH0E S Danieau
BT SEMIEIG LT . A 20 SR, St
T 3R,

(2) ¥ B AERIBEE 0 53 IE IR . LB
AEPEEH . 2T + dhfr mRNA 4 ( BAEST 6 nL dhfi
mRNA ) , WL dhfr 13 33K 5% & BEERG RN o
Rl 20 B fiG, SEER A 3 IR,

(3) ## Tg(cmle2:mcherry) BEH 143 Ay 1E % %F
WAl | CWEAbPRL . LW + dhfir mRNA 41 ( BA0E
&} 6 nL dhfr mRNA ) , PAiFEAT dhfir i3 ik 5 X) &
P00 B FLL 2 K H i R ADUEE . B4 20 A
WG, SCEER 3K,
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1.4 BfEES

PEAT O ST, E R T RRE R E 2
1~2 HMLE (0.5 hpf 245 ) (OBE L, 032 K5 51,
FEK A S T A BE S fa SZ S B Py, A A 6
T SACEAT WA B o S AR S B AR L S
Br4H . WAOESTEN A 1 mm BEES AN 2 WAOE
ST AR T
1.5 ZEshtiE

W LT T IR IR N (400 mmol/L)
TEMRIG A B 2 6 hpf BF, KRIRIGFE A AW T
WEHG & E % 12 hpf B, RGN B S A
EHIRREE TR N . R 1k i T SR A3 3L
CEEWR R, WG E TA s R Ik T £
bl
1.6 HHREALXEBHIAMNE

T R T K Y A AU B T £ 45 2 A i
WERWEN, ICRIEWXTRA, LY. &
B + dhfr mRNA HRIG KT 78 AR A 7358 S A7
WA E R, R ERWI AR E WAk
B, wEA 100 G, S ER 3 IR,
1.7 DEERNELRBHERANE

TE Tg(emle2:mcherry) BEH (R fiG % 5 2 48 hpf
iF, FELL A0t B NS 4B irhs (I
WA, SRR . LB + dhfr mRNA 4H)
LGB L EEBIEA, W 20 #itiG, 556
T EE 3R

TEULEE IR NG O IR 38 HH 38 B il A 1 & B R, 7E
P A RUBE L 0 A ARG (IR X IR S EEAbPEA |
LT+ dhfr mRNA ) & F %2 60 hpf B [7] £ 21 ik
RONENTES 3 nL SR EOTOER, TEZOERMEE T
SEE I Jie O I 90 HH 3 S A 1) & B S L. ARl
20 Ho i, Scsephsr HA 3 Ik

Iy BIAEIRIG % & 2 48 hpf F1 60 hpf i, 27
B T G A R A A T S IR (IE
HX IR, OB . 4B + dhfr mRNA 41 )
B0 R S0 IR 46 48 X (ventricular shortening
fraction, VSF ) LATEAL CHEINAE ™Y, O N TE B
B N IC SRR R A O BRI B, 1T VSF B,
FE S AU T AT RGO E SR AR, AR A SR AZ ) 1
RO EE RN AR NS, VSF= (L=
SRR — D EIEEIHNAR ) 1D EEF RN,
WRRA 20 MUWNG, SEBeasr EA 3 IR,

1.8 ERFERHERERERFEM R

g3 AR BE B IR IG K B & 24, 48, 60 hpf
B AAEL RNA, 2830 5 585K 75 ¢DNA . K] Primer 3
BBt sY, DL 3R cDNA R #5E A t
1T PCR ¥ BG5S PR B PR e 9 Ry oy 24 28 R
Bt ¥ PCR =Wl e M, sk A PGEM-T %%
thrp, P EUE)E , JR19 & A nkx2.5 cDNA Bt
thx1 cDNA Bt . flk-1 cDNA FBefi ks, FIH M
DIBpR FLR AL IS, RO S L RNA #8451 (b
FEPRIE ) o SRR S RNA FREHIETT IR G
BRI Z2AE, Rl R R IR T O
1.9 Real-time PCR

¥ FH Primer 3 # 1F 1% 3+ JH T* Real-time PCR
SLE RIS Y, H Sangon W) A Bl A L nkx2.5
31 ¥. F: 5-CTTCTCTCAGGCGCAGGT-3', R:
5'-GGATGCTGGACATGCTCGACGGA-3', thxl 75
Y. F: 5-GAGACTGTGATCCCGAGGAC-3', R:
5-TCATGATTTGTAGCGAGCCT-3', flk-1514¥): F:
5'-CAATGGCAGGATTCACTTTGAG-3', R: 5'-TTC-
ATAAGGAGCGGATCAATCGTACTCACC-3',  #il #&
BE 41 24 hpf, 48 hpf & 60 hpf 942 mRNA, 3¥%%
SN cDNA, SRJG LI cDNA AR A HEFT Real-time
PCR 5255, Dk f-actin NSXIE, 45 8 R H
ABI 7000 %2 1 PCR AR AL 20T 4 442647 53
Mro SEERAST A 3 K.
1.10 Sit=oHm

i FH SPSS 11.5 GEi A%t e £l 1 7 4 1
oM. THEGORIDIEL = frMfizs (R+s) 0K,
P ] LU R PRI ST REAS ¢ K, 222 [R) LR
FHEARI 225 253081, P<0.05 HESH G55 X,

2 #R

2.1 dhfr FRIEHHERIE

TE 12 hpf B 20 WA gL R B, 1F
TR IR P AR POWEE BT GFP SR 53R
ik, dhfir-GFP mRNA 41 if i 3058 GFP &6 98
Fiko UEEARTIEGY) . 3 ARSI SR A
vk, BLRATEIRIRESE I S50 T RSN AT LB 5% dhfr
mRNA; SIEE XA, BRxTRARG A E
EH, U ROES Danieau VSR IR & & LT
PAERH. WA 1,

018
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B RTAG )
R X RN dhfi-GFP mRNA 40
1 12 hpf B dhfir T RIFHIZERIGIE ( x 10) FEDEE S WBE L5 S /R IE % B o R 2R G G GFP

LROHOEFRIR, dhfir-GIFP mRNA AUIGA #0558 GRP Srasdekik. SAMIG L& IEH .

2.2
ST

WG &R 2 72 hpf BF, IEEXTRAT LT H
”“”%¢-tiaﬁéiiiﬁﬁﬁw<9eo%+%5%>,
4 P+ dhfr MBNA 41 & & 5 % IR a5 %R
(48&%+40%>5ﬂ%¢%&(kﬂ572,PdﬂMl)o
MG AT 22HE)5 5 5 K (5 days post fertilization,
5dpf) BF, IEH X AT 5 oAb B
I (69.0% +2.1% ) , L% + dhfr mRNA 24735
JWRIGE 435 (84.0% +3.6% ) W3 T (1=-6.10,
P=0.004) .
2.3 HRAMHRABREVE

A B N AR R 5 OE R X R (&
2A) AL, ZEEAL BRI G AR K I T E
IR FEEAN, SLBIRTEEAR ., OATIX
KA (I 2E) o 2B+ dhfir mRNA 4RI AK %
BRI s (K’ 20) .

I ERE LT A5G AR IC 1 % 2 P B 5
i R Te(emle2:meherry), FELLEAZOLRMEE T, W
SRR RR L 5 AL IR AS o 45 5 s 5 1E % BRZH( &
2B ) tHLE, LA PR ARG RO s R =YK,
D ODEMX AL E WA (E2F) 5 5 HE
HAAL, B + dhfir mRNA RGO AL Z B
B HA A BT IER (K 2)) .

BHRBAEREESERGFEESRRIT

919~

W sk BRER, RSO B
AT R, SIEEXTRRAMEE (K 2C. D),
TR FRAE RGO IR 300 38 % 1M A8 & B B SRR

WEAME (K26, H) 3 S5OBEAMAML, &
%+%ﬁmmA@M%mu%mﬁﬁﬂm%E§
THOLI W GE, AREWER (K2K, L) .

2.4 HLHMERROZEI VSF T

HIEFE XA, CREANPRAARASRTE 48 hpf
& 60 hpf B0 #&F1 VSF 2 1 3 A% (P<0.05)
L + dhfr mRNA 415 CBEACBRAIAH L, 7E 48 hpf
2 60 hpf BY.C> R H1 VSF 277 53450 ( P<0.05) ;
AR T IE % % BR 4L (P<0.05) o #2758 dhfi i
35 B A0S £ T T T BE T TR i O IE T R
oL, (ERFTEEWEIER . W 1,

R1 BHELEMVSF LR (xxs)
R VSF
21 51
48 hpf 60 hpf 48 hpf 60 hpf
1E ) 8 20 166+5 205+10 254+28 23.6+3.0
b 20 102+6" 132+6" 14.7+20" 13.6+1.2"
LB+ ab ab ab ab
dhfr mRNA 20 128 £7*" 161 +5™" 19.7+2.2" 16.6+ 1.0
FAH 535.867 475531  33.910 142.139
P <0.001  <0.001 <0.001 <0.001
e [VSF] DEWGHEE, a /n SIEFXTIRAL LA, P<0.05;

b 7R85 ZBEAN A LA, P<0.05,
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.a’
TR IR AL . e
T +dhfir mRNA 4H

2 REMKREABREWME A E. L LR T 48 hpf SAMIREAL TR (x20) 5 B F. J:
FIHFEEL N BE D £ 2R Te(emlc2:meherry), FESEGIREE FULEE 48 hpf 25 LU IR O T ()0 By AL g?’i BlEN (vitELE, aft
Fhr) (L6506, x80) 5 C. G K. FIHZEERMIER /R 60 hpf £ 4L CMERTHE & 7 T (kBRI
WA E ) (ZRE255OE, x70) 5 Do H. L: RIS BAGER BIR 60 hpf 4IRS LB (ZEHE, x30) . 5
IEF TR AL, LB PR IRIG SR L T A WIE s ONERO G . DY R, Oh . ORI AR Ol T A
ELREWEWIE, BEAE, SCEARAML, CBF + difr mRNA ZRIGHEIR R FIE0 SO0 . OFIEAU B kE, OIE
i R AY & BRI, SRR I .

25 JAMRAE nkx2.5, thxl, flk-1 MBNA BIRIE 41, 2 kb B0 4 IR G k2.5 thxl . flk-1 135

il KT (B3D~F) 5 52 BEAbFRAIMILL, 2.0 +
FEIE X BEALH, 48 hpf B nkx2.5 72055 R gnfi- mRNA 4URNE nkx2.5 . thxl . flk-1 9353 14

0%, 60 hpf I thx ] FECIERTTE, 24 hpf I flk-1 (E 3G-1) .

TE M A m ik (B 3A~C) o SIEH xR

TEH X R AL
C
CFEAR PR
F
Z T +dhfr mRNA 40

B 3 RERREEREAIZZ ANERERIXFER (x60) A D, G: nkx25f48 hpf 2R CIE B FE IR (15
KR ) o By E. H: thx] 7E 60 hpf £ AN ORI B0 RIE T CHi ks ) . Fo I: flk-1 7 24 hpf % 4R G 05
PIZERTEDL (F R ) o SIEWXTRAIMLL, ZEAIAIRRG nkx2.5 . thxl | flk-1 E’J%@é?ﬂ, 5 Z AR, 2 +
dhfir mRNA ARG k2.5, thxl | flk-1 B3k FR
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Real-time PCR 25 R [6)RE W7, 5 1E % X} IR ZH
I, WAL PR IRNG nkx2.5. thx] . flk-1 mRNA
(R EEAR AT 357K R (P<0.05) o LBE + dhfr
mRNA 15 AL B AR L, WA nkx2.5 . thx] |
Slk-1 mRNA [RHEARAAXS FB KN (P<0.05) ;
EATAE T 1E % % IR ZH (P<0.05) o 3% dhfir 3%
RN BT T 3 35 R A 3k T RIS 0 Ik ik
%, BRZESME IR, Wk 2,

%2 &4 nkx2.5, thxl. flk-1 mRNA BEEE:

(n=3, x«s)
1) nkx2.5 mRNA  thbxI mRNA  flk-1 mRNA
- (48 hpf) (60 hpf) (24 hpf)
E % R 0.513+£0.062  0.960 +0.053 1.063 = 0.080
AL FE 0.203 +0.038" 0.467 +0.020" 0.806 + 0.047"
Z»@ + ab ab ab
dhfi mRNA 0.310 + 0.026™ 0.740 + 0.043*" 0.953 + 0.035
F1H 37.619 107.090 15.074
P{H <0.001 <0.001 <0.001

TE: am SXHEALLES, P<0.05; b5 CEEALFIA AL,
P<0.05.

3 iTig

TESE AR DR R 7 WL AR E0R B R
BE2E OB A JE R EUR L O IR B 5% 1 F WA
R TR RYEC NS B IG R ms [ SEanfar
T G B0 RO R e A 1) DL AR 1 i R R
HATBEIR IR B, AR EN, LMERE
TSGR E S5 T, 2 O RER R T R
R A, I BB G LI R LR . b
I X G P s R A0 il e 7 s G 1o 0% 1 55
TSGR R Y RIS, At
1R AR 38 B rh A DGR B T RE R SR S, T iR L
JRBURIG R E S0 HRRAE AN S A AR Py 4
W R PR A T EVE A, B e 7E MR A R AR
R 4B & MR (DHF ) , 41 DHF 7 DHFR
YEHR, H NADPH 1% H* A= il U & iR ( THF )
THF J& MR &7 AE YA E ) F 290G Y BT, THE
R — Bk BT I B AR B ie — i B S SR 2
FEEM N . K, DHFR EMFRAE 240 T K 44
(R3E s rh B G VER, dhfir SRR RT
ERAG R A I RE T B SR & 3 S U0 i
I FIRTNREHG RS, I RRAE AR N R B R4

PR TE RS R . AR AESE Dt T I R dhfir B
R 223K 5 X C BE P BUM MG & B 58 IRt
FERIAR AL

Byt 5 ANREE AR, HHEEAE
PR, KRB, KA ZHR . 2RO S Tk
BIEN] . ST BT SRR T R
IR S5, Bacg 2N HTFARE L
Yot BRSO BN B 50 R AT
By FAESOL B TS E KB IHEN . A5
HN Y Tg(emle2:meherry) 3E5 £ 590 LN LT
EEICE ABRIC, 5B EE S £ ] Xh Ol Y 0 B
MO FEIES R B IEOSATIHEW S FIH pT7Ts
AR AR P L S H A JE ] mRNA 5K H 8 o 5
ABELL A ZAG IR, T A0 2 R i 3Rk i O vk
IR VA I RE PSR T e LN NS S D |
pT7Ts-GFP 3R A& {4 S 5% 5% dhfr-GFP mRNA, ¢
L R ABE S RIG N, FE2OE AN
2LF| GFP ik, FSL dhfir 2K cDNA A] 5 pT7Ts-
GFP 284K 1 Dy 28 XU V) 5 3% 42 BAK S 55 1) 1l
DI AT AT vE dRimFeA TR FIAE R Bk ik, B
dhfr 2K cDNA 1 A pT7Ts &4k, 1RINE 5 dhfr
mRNA FUABE S . dhfi 12363k

TEAMEFE Y, 382 R FH 1] B 40 32 4 51 5 g
5 dhfir mRNA 1 J5 53547 dhfe 383836, Ifi@ Lt
LN 5347 S BERL PRZL . 2% + dhfr mRNA 4111
O R B UATEAL dhfir 33 3635 % 2 BT SO
0 N KB SR RO E . R, &
SEESFHIGTRRLE, TSRS % dhfir mRNA RO,
PIHEBRIA IR G & & M THER .

AWFFE K I dhfr 33 3638 )5 v ¥R £ s 8
WG EE S, RIN: WIRAESHH TR
WRRGAENE B or % BT MR IR % B I 0 3
DRSS KEEBTIER . DIERE (O3, VSF)
PRI . M5 R B AR DU o T R AT 30 A
55 KU 28 5 B R S I k2.5 U B T8 %
B HEEE S R T tbx] F A % 8 REER T flk-1 11
FEREBL, WIARVT dhfi 37 3635 103 ROV L

nkx2.5 J&F NK B[RRI e i sl 51, 2
RGN A B R e Ak N, 2
HORERTIARGE e 1. BrE R, R RGE KL
B IEIE 5 DIRERAERE "0, bx JE T T &% 5%
5, HXHF O M & 7 o o 1,
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ST S A AE TR B 20 B 1 AR 2R 3K 1) s T T ity
TRFED, TR R R E AR A, XTI
BRI & B RS DK R G0 e r # R A
E (S I (2 3 B0 il N TR 1 BUR I FC e
RS, R REAR R A 228 i 1, TR
FEDIAE RS R e A7 i 28 M) 2 3A WG L5 Real-time
PCR AT AF (4 5 0 356 DX 7 JUR i 7 A AR AR X 26 35 7K
o FRATT IR A 2R FH L A TR 7 35 R 3 R A )y
177 FEH BTG OA . 25K R 2 FEAb PR
nkx2.5 TR0 RGN EE | thx] TEOES RIS | fik-1 7F
M4 B FEak 55855, H nkx2.5 thxl . flk-1 mRNA
AAXTRIBACE TR dhfr i3RI, CEEALFRA IR
G L RFRAR R IR G SIS . $OR dhifir i1 3RGA
Al et b nkx2.5. thxl . flk-1 (KM
B P SRR E RN NS R B S8 o I TEARBIG T,
AL LI, IR dhfir 322335 FT R0 BERT BT
WG & B S MR R T, (H 5 15 X R 2
A 25, $278 dhfr it kAT 3 ik 2.
LESUES L
AR R A W B 5t I )i dhfi 3 338
X} 2T T BUW G O RN LA & 5 30 ROoRionz
ST, IR BRI . B A S e
RN BT EG LKL B 58 A OS5 4t
WA s FEIAERRE R PR L BB FA Y £ BE R 2R T
B RIER T SRR
(&

Z £ X ]
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