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(=] a«  wI/NEIRAEE LA E T 4EH R (retinoic acid, RA) 52 & (RA receptors, RARs) A ] lF # RAR-« .\RAR-
B RAR-y J HA AL T = 1 (retinal dehydrogenase 1,Raldh1)fl Raldh2 W%5 3K, #8177 RARs AR HA
RS MR T T ER. Fi  FBEERIGR 9.5 d(embryonic day 9. 5, E9. 5) i # % (yolk sac, YS),E10.5.E11.5 &
k-1 iR -t B Caorta-gonad-mesonephros, AGM) [X, E13. 5, E14. 5, E17. 5 B4 iT (fetal liver, FL) Fl a4 /N B B f& ( bone
marrow, BM) iz 525 B PCR R4 4141 RAR« \RARB.RAR-y \Raldhl il Raldh2 {555k, 4% S5l
AR B3 427 L, 7F E9. 5 YS.E11. 5 AGM X fil BM 1, RAR« . RAR-B.RAR-y J Raldh1.Raldh2 ¥ 3 ik (P<<
0.01), El11.5 AGM [X RAR«.RARB.RARy J% Raldh1.Raldh2 323k /K V& F E10. 5 AGM [X (P<C0.01), i E13. 5~
E17.5 FL [/ RAR 3. RARy J¢ Raldh1,Raldh2 Fik/K V22 5 G ¥ L. % #& YS.AGM XAl BM i RAR«,
RAR-B.RAR-y K H4 Bl Raldh1 Fl Raldh2 Fka %5 B AT B 5T AR okA o s 1M 25 2P0k Y8 116 210 28 s ot +EL 290 A i 38 A — 5, s e
T RA H5/NRAMERE T YS.AGM Xl BM (13 M8 52 UIAHSE i RA X FL 1938 % BAE R v g df A w2 .
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Expression of retinoic acid receptor in the mouse embryonic hematopoiesis
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[Abstract] Objective To investigate the expression of retinoic acid receptors (RARs) subtypes RAR-a» RARB, RAR-y
and retinal dehydrogenases 1(Raldhl), Raldh2 in the mouse embryonic hematopoiesis, so as to discuss the role of different
RAR subtypes in embryonic hematopoiesis. Methods The yolk sac (YS) at embryonic day 9. 5 (E9. 5), aorta-gonad-
mesonephros (AGM) region at E10. 5 and E11. 5, fetal liver (FL) at E13. 5, E14. 5 and E17. 5 were harvested from the
pregnant mice. The bone marrow (BM) was also harvested from adult mice. The mRNA levels of RAR-«, RARf, RARY,
Raldhl and Raldh?2 at the above four different hematopoietic sites were assessed by quantitative reverse transcription polymerase
chain reaction (RT-PCR). Results The mRNA levels of RAR«a, RAR3, RARy, Raldhl and Raldh2 at E9. 5 YS, E11. 5
AGM regions and BM were significantly higher than those in other relevant hematopoietic tissues (P<C0. 01). Compared with
the E10. 5 AGM region, E11. 5 AGM region had significantly increased mRNA levels of RAR«, RARB, RAR-y, Raldhl and
Raldh2 (P<<0. 01), but the mRNA levels of these genes in FLL at E13. 5-E17. 5 were not significantly different. Conclusion
The expressions of RAR-a, RAR-3, RAR-y, Raldhl and Raldh2 in YS, AGM regions and BM are consistent with the situation
of colony forming unit erythroid (CFU-E), suggesting that retinoic acid is closely related to the formation of hematopoiesis in
the YS, AGM region and BM in mouse, but has less correlation with the FL in mouse.
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fGS 7.5 d(embryonic day 7. 5, E7.5) I FE (yolk
sac, YS) IS, i A i I T E10. 5 Fsh k-1
-5 (aorta-gonad-mesonephros, AGM) X2, [ifi
JaiE# 2 i I (fetal liver, FL) | J4IE A1 %& (bone
marrow, BM) U, R[] I 2H 2R R 9 £ R 1 O
tHAH JifE (colony forming unit-erythroid, CFU-E) fg
3Ry GG I 2 L 2R T R T I VAR PR AR S A
T R W 1fi - 41 g Chematopoietic stem cell, HSC)
K 1A Ak 6 T BRI BRSO IR e Y
T A MR,

T IS5 38 MR B AE E DIAH G . 4
PR (retinoic acid, RAVE S HEEEMIG L E Mo
e h B EEAERS AR RA S5
P/ NG YS i & F A AGM X i i 1) 1B
R AR LN R YS,AGM X, FL Al
/N L BM R BF 58 X 4L K I RA 32 4K (RA
receptors, RARs) K HA5 BUGETE /)N UK R 8 if A [7)
W B AN R LA 5 B 5% SR LA /N BRIV I 1
A RAAF S 73 FALHI A5 2958 Bl .

1 ##T7TE

L1 B 6~8 JAIH e HEPEVE T2 ICR /)
SR R i 28~35 g, W B 1T P /R -0 BIL S50 B
WARRA wL8h 4 4 7= VF ATHIE S : SCXK (37) 2013~
0016 3 {5 FF A E 5 : SYXK (1) 2012-0031 ], /3% F
A5 2 B R 9% B2 e se i s bt . TSI BT
LI SIS IR 2006 4F [ R B 2E 3 AR T & A
I TR LI s R R B LK,

L2 RAE5REEH  BRIEZE PR (PBS) . 4%
ZRHEE(PEA) 0. 25 % [ iR 4 13 (FBS) (41
YN A AR H-E Gkt 43 A ROF. 70 H e Jead ik
M CEREEBY 2 40, IRBHER - 2 HELBR S R EF 2 32,
35 mmAl 100 mm BEFEIL. 15 mL B8, @S5S
T DeF B U R AL ABT 7900HT S & &
PCR {¥.Eppendorf 5702R I &L,

1.3 Fik

L.3.1 ZREMKE LI LERENDR BM
REC TR0 ICR M /NI 3+ 1 il G 58T
R UK H Y SRR L2 0 A P A ) o BT A S R
F. 0 ME0. 5, 439 F E9. 5 BUH YS, E10. 5 FI
E11. 5 Bt AGM X, E13. 5.E14. 5 f1 E17. 5 Bt
FL, 7 B i 55057 AR IO 125 - S0ME b 1 Ab B 4

/N ST R 75 %0 £ MGG ISR , BY T o A 7
2ATES BW T E S BT R R TR
FEBLH AR, SRV 10% FBS ) PBS K 5%
M. 7 A ) S ARBE T 0 i) R Bk G S A M L
E9. 5 YS; #IBUIR BUAT 5 JBC2F R A3, K BR
PR Ff 2 45 43 85 AR I E10. 5 #1 E11. 5 AGM
DX 37T G B s 2% 5 9 R /)0 23 B E13. 5,
El4. 5f1 E17. 5 FL. J§4F/NR BM 3RBUT ¥ - ik
JBEEI AL FE 6 J i it B, 37 BP BT 7500 L BE R
3~5 min, i FHIRFHGT L BRAUT B B M AR 2L
OB JB e R B o B B 79 i S i FH & 1026
FBS ) PBS kB AR e i«

1.3.2 BMiamfeh & HUPfE BM F 4 °C
500X g#0r 5 min, 55 B3 . A 1 mL 2140 i 24 i
W TIR AT, 7K 24# 10 min, 500X g B0
5 min, FLLE FIF A 1 mL PBS SR ZHMITTE .
1.3.3 EILS5 BE AGM X # HE &
E1L S/NEURT S J5 BCF 8 43 T 4% PFA [ 7€
6 hfE e 1500 HEMA B K 12 h 54 30 00 BERE
WARSEREK . 24 b Jg BEAT AR AR T T8 KR U0 1 A7
H-E Z¢(a,,

1.3.4 SLu% k& & PCR 4l RARs 45 3 #y
Fik i TRIzol®i ) (55 Ay £ AR A 7D 4 5]
SR [A)If[A] g/ B AR YSLAGM X FL A AR
/N BM S RNAL 606 T B RNA MR .

i A PrimeScript™ RT i& 7| & (RR047A,
TaKaRa 24 H]) #47 RNA S 5, AR L BRI
400 ng RNAL A 2. 0 uL. 5XgDNA Eraser Buffer,
1.0 uI.. gDNA Eraser, 1 RNase-free 7K %b 5% &2
10 pl, 42 “C RN 2 min f5 57 BUACE VK . 76 F—
A RN 58 LI 10 pL AR R AL B AL 0 pl
PrimeScript™ RT Enzyme Mix, 1. 0 pL. RT Primer
Mix,4. 0 pl. 5X PrimeScript™ Buffer, 4. 0 pL1#)
RNase-free 7K #h 5% & 20 pl, 37 “C 5 h 15 min,
85 “CIIV 5 4 “CL IR,

Kb 2 A W R BT PR R
Hieff™ qPCR SYBR® Green Master Mix(High Rox
Plus) 47 SE I 5 0% 7€ 5t PCR, A1 RARs A [7] p %!
RAR-a \RAR-B . RAR-y JILA i Tl 400 2 1 o S 7 1
(retinal dehydrogenase 1, Raldhl) fll Raldh2 ()3
%K. BARK AR Z R . Master Mix (High Rox
Plus)5 pl, FHE514 0. 2 pl, FHESIH 0. 2 uL,
cDNA 50 ng, ffl RNase-free /K#h 552 10 pl, N
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ABI 7900HT PCR ALi#47 [ i : 95 C 5 min 748
PE3595 “CHf4% 10 5,60 C R 30 s.40 MEH, LU
GAPDH fE NS HE I, 2 2T it A& L 1
Xk, BFIETIYFIIE 1. BOHEAR
(YS.AGM [X . FL 1 BM) #8t 3 H 72 B/ 4F /)
B B AR U7 SRR YSCAGM XA FL, 52
WEHE 3K,

x1 ZFEEASMFT

Tab 1 List of primers used for quantitative real-time PCR

Gene Primer sequence (5'-3")

GAPDH  Forward: AGG TCG GTG TGA ACG GAT TTG
Reverse: TGT AGA CCA TGT AGT TGA GGT CA

RAR-« Forward: TTC TTT CCC CCT ATG CTG GGT
Reverse: GGG AGG GCT GGG TAC TAT CTC

RAR-B Forward: GCA GTG CGT GGA CAC ATG A
Reverse;: GGT AGA AGC TGC AAA CTG ACT

RARy Forward: GGA GCA GGC TTC CCA TTC G
Reverse: CAT GGC TTA TAG ACC CGA GGA

Raldhl Forward: CAG AGA GTG GGA GAG TGT TCC
Reverse; CAC ACA GAA CCA AGA GAG AAG G

Raldh?2 Forward: ATA CTT GTC GGA TTT AGG AGG CT

Reverse: GGG CCT ATC TTC CAA ATG AAC A
GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; RAR:

Retinoic acid receptor; Raldh: Retinal dehydrogenase

L4 A SPSS 20, 0 BT
2LNHT S LHBHR Y D) 2 s FoR, & B ] A ) i
IS A B PR 3 3K i 0 bR TS IRV R O 25 40 A
(one-way ANOVA), Ki&/KiE (o)l 0. 05,

2 # R

2.1 E11.5 R AGM R ¢4 i)t JE ] I
YRR T8, 29 8~12 B, s ol il
BT RAG EIE A T S . 5 56 8AHE,
YS G5 IR E KB AR E IR AR . AGM X2
LERE MM AE G T R HS, has i, 8 £
Sk . W 1,

2.2 EILS5BAAGM R HE &4 % FE1LS5 A
SRR B2 v ) 38 Ak DB T8 010 v el 3 9 1 WD S 1)
PRZAE TR T 32 8h kB 3 (Wollfian ) K Hh ' 55
& (Millerian 48 , 75 £ 3l Ik i N AT U4 22 11 3 1L 40
F s HL 3 S0k il A8 P B 40 B 43 I A M (&1 2)

2.3 RARsABX AR £ER YS.AGM R FL F= 5%,
F R BM ey ki i8S G B PCR
AR /NERIEIE YSCAGM X FL Fl A/ B BM
H RARs AN[A] 72 B A BGRB8 R0 s ) i 3R

K25, 45 (B 3) B8 RAR«,RARB. RAR
Raldhl F1 Raldh?2 7£3% 4 Fpid 412 ¥4 3Rk

B 1 E115B5R AGM X RS R=E
Fig 1 Image of anatomy E11. 5 mouse AGM region

A: A uterus from a pregnant female mouse at 11. 5 days (E11. 5)
post conception; B: An embryo encased in the YS; C: An embryo-
encased YS was cut away from the vitelline arteries and umbilical
cord; D: The overall view of an embryo; E: The upper and lower
portions of the embryo were removed by cutting above the forelimbs
and below the hindlimbs as indicated by the red line in image C; F:
The dorsal portion and abdominal tissues close to the aorta of the
embryo was removed, and the AGM region was isolated. YS: Yolk

sac; AGM: Aorta-gonad-mesonephros. Original magnification: X1 000

100 pn@ 50 ;lm®
2 El11.5/MMi AGM X H-E a5 R
Fig 2 H-E staining of E11. 5 mouse AGM region

A: The upper and lower portions of the embryo were removed by
cutting above the forelimbs and below the hindlimbs; B: The AGM
region. 1: The roof plate of neural tube; 2: The central canal; 3:
The aorta; 4: The Wolffian tube; 5: The Miillerian tube. AGM;

Aorta-gonad-mesonephros; E11.5: Embryonic day 11. 5

E10. 5 AGM [X ft RAR-o.RAR3.RARy J%
Raldh1,Raldh2 [)3EKFART E9. 5 YS A (P<<
0.01);E11.5 AGM X RAR-o .\RAR-B.RAR-y }
Raldh1,Raldh? 1335 % E10. 5 AGM X J} &
(P<<0.01),

E13.5~E17. 5 FL § RAR«.RARS,RARy
K Raldh1 .Raldh2 {35 KK F E11. 5 AGM X
(P<<0.01), E13.5~E17. 5 FL § RAR3.RAR-y
M Raldh1 . Raldh2 Wik K-t 25 7 B G0t 2#
Y., RAR« 7F El4. 5 FL th iy 3355 T E13.5
FL(P<<0.01) 1 E17. 5 FL(P<<0. 05), TEJS4FE/ MR
BM H1, RAR« .RAR3.RAR-y } Raldh1.,Raldh2
1326 7K & F E17. 5 FL(P<<0.01),
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Fig 3 The expression of RARs and its synthetase were assessed by quantitative RT-PCR
RAR: Retinoic acid receptor; Raldh: Retinal dehydrogenase; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; YS: Yolk sac; AGM;:

Aorta-gonad-mesonephros; FL: Fetal liver; BM: Bone marrow; E9. 5-E17. 5. Embryonic day 9. 5-17. 5,

0.01. n=3, x=£s

3 it i

RAZE—RAMR ™, EMIR AT S EE
J AR A B B RO v B A AR S T
RA XF A 2 i EAARBL ] (R AT FE 0/ rT AR 2 10 VR
WG RIGYT T B G . RA 32858 i M
TR R EEAT, BT A3 RARs FI4EH R X 321K
(RXR) W KR T ZAR K R Z R R TE I o B
Fly 3 FblE 7Y K £ Fh 544 {4 . Raldhl, Raldh2 F
Raldh3 J2& /) B iR & & B A9 RA 5 i, H
Raldh2 J& RA & 80 S HERE . 76 /NS AN AL I
JER B L FE o, Raldh2 1 Raldh3 ZEALR B (0 K | J7
2 R R ot 28 4 D v 185 338 5 b, Raldh3 32
B AT/ RIS SR A A 2 B AL 7E
AN b R R L TS AR A RN

/N VR IR 3 i & B 3R AN [R) 3 AL s AE AN [)
KABBOEL K AR L. HSC ZAFAE T AN i
I ZH 23 r B A AL 20 A L REBG 5 Tk R 4% AR 3k I AH 4
JfL, 4 CFU-E &, fF — 25 3 Ak J it i 248 1 . 24
FRIE® PG TG R G . SCHRRIE » AN [A] 1 1 2H 28
Ky CFU-E et 7 HSC % 1928 £k, LAEFAT]
SEAT DR A /N AR R B o i R ST R
PRI s A W 98 ARE AR TE 9 CFU-E . J5 i 21 200 fitd 52
V& IE B BA A7 (primitive erythroid colony forming
cells, EryP-CFC) DL J it 4 75 JE B 51 fif (colony

* P<C0. 05, ** P<<

respectively.

forming unit-spleen, CFU-S) &5k f# B RA SR 1G
T MLAA G . JEAER, BF9E A RA B3 5181
AR & B 4h, 6 BE % I/ 45 i &L E10. 5 Al E11. 5
AGM [X 3t Ifit (99 B B H T4 % RARs A ] lF
U R HAr B A /S VR IR 1 1M & P R e 2k 7K
AR RIS AN TE2E BRI » AR S 36 E— 35/
SRR & B ASRIBY BE RAR-o . RAR-3.RAR-7,
Raldhl 1 Raldh2 g3k 8048 .

Goldie Z5 W57 & B Raldh? 3R Bk S 80N
BLE9. 5 YS M4 5gG. Palis Z00% E7 YS SRR
T 1ML A4 Y 4 o 2 R AT A R 3 i o AR R 7 3 B AT
T8 AR P 5 57, WACAR 31 8 A 28 IR iR A LR Bk 2R 1
) EryP-CFC, EryP-CFC j" A= i 42 ¥ B K i A A% i
WL a4l i, EryP-CFC {Js R T YS, #| ES. 25
A5k B g, 1 CFU-E 7= A (AT i 2D 7k
ALTAMLE A, ) E9. 5 I AR muetY . dtiid
B YS MBS Sk Ak, ALK H , RARs 7&
JEER E9. 5 YS HA X ik, 5 Palis 1 58
FE I & B o E9. 5 YS SRR CFU-E ¥ 16 i 5
L MEN RA 550G MAH G, H AR 2 5 K AL
L TE B

F| E10. 5 f1 E11. 5 B, YS %) CFU-E %05 8] 2
REANR s A R IAH 20 JfL 2 T B 2 AGML X FF K 34
k. 11 d J5, CFU-S11 %0 AS Wi 3 m, E11L. 0
AGM Xk PR CEFU-SI X 7K A LAY 53 ik die K A
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TR B R G0 A0 i =R FEAR
S8 A, ELL 5 AGM X H RAR« . RARB, RARy .
Raldhl F Raldh2 3£ —3 5 # ik, H Rk KR
. B, HAE E1L 5 AGM X ) 3 ik & ¢ E10. 5
AGM X T 5, 45 SCHRIRIE Y E11. 0 AGM ORI Y
CFU-S11 X7k Az i HA e R sTmk™ AR & Xl
HE—2PYRIE T RA 5 G FI5E i3 DA ¢, IR 7R
s I AR A i HAT AR

iR BN E18. 0 BM Hr 82 3 I8 B2 il
(colony forming cells, CFCs) #{ i dE % /b, L24F
10° /MR A 4 d J5, CFCs Bt X2y 10°, i f5
CFCs $iig 208 BT B 2 B /NRUKSFE . TN BRI
5 E18.0 FL v 95% & CFCs, )\ 44 4= FF 8&, FL
CFCs B/, HEA I, &7 100 A 20 A Y
Pyt o2 A PR Y. CFCs Jf4E 58 42 L FL ] BM 1T
B, Huang S HFSE K I RA {5530 1 32 22 A
7 (35 RARs.RXRs.Raldhl #1 Raldh2) ZE/N BRI
EEZVZTE“TTHHTH)H%%%» Lrh RAR-o 7E E14. 5 FL
FIE s RAR-B 75 [l 7 I KX AR I RAR-y ZEJIRJIG
UL 2, 1A 5 R B B W . A S5
E13. 5 FL # RAR«a.RARB.RARy. Raldhl #1
Raldh? LR Fik 2= BA%, HAE E13. 5~E17. 5 FL
H RARB.RAR-y .Raldhl 1 Raldh2 F& K #{K 5=
iR FEAR AR A 1 22 F G2 R S BB/ B
BM H1%) RA G5 AH KL B, R #E RA X
FL 3 % B A/E B/ H RA JE3E 58 42 5% i A
FL 5] BM i #% i 3 Mad # . p4h. E14. 5 FL
RAR-o ik L, B E17. 5 B 235 T i, 32X 1F 3 9
T RAR-o % FL 7K A3 ILAE FH i) H 21

ASZE L RARs YIS W58 RARs A [A]WE
il RAR-a. RAR-B. RAR-y ¢ H: & hli i Raldhl #1
Raldh2 7ERJiGiE A [8] & & B B 3k 48 4 I
(IR0 23 (6] £ BE 434 1 /0N UV IR & 1% B B RARSs %)
T I TR BRI 5 2 4 I A DA 5 38 I 19 3 T HIL I
WIEBEE 1Al . (HARETEAUE EE S AR X IR R 4 21
FiE B mRNA kK- B o307 it 7 ik — 2P ik
() D0 & e ) G U g
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