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BMP9i& 1T ALK1/2{5 518 %15 S AT 4B 240 AE pl 31
THRITER MR

AT AR BRE FT TR
(SRR A o 5 (L PR S o0 P R, LK 400010; 2L PR R ERBR AT A, ALK 400021)

WE  ZARRIT T FHELAEG9BMPY)E T ALK /215 5 18 344543 A8 20 L iR, 1L
94 R . B ILIR R FENFSIALK [ FosiALK 2 B % FT A8 4@ 2 14-19(hepatic progenitor cell 14-19, HP14-
19), Real-time PCR & Western blot2 3|4 M ALK 1 A ALK2#) & &, 3% X & B34 3k BN ALB-Gluc
& M, Real-time PCRAZ M AT JEAR % 2 WAFP. ALB. CKI8. ApoB4#mRNAZK-F & ik, PASH & F=
ICGHEIR 52 3o A ) I 4m 8L 69 RS BAE R BRI Bh. 4R BT, M ENF49siALK 1 F=siALK 2T 4%
ST HP14-1948 2 ALK 1A= ALK 269 & 35, BMPOT % -5HP14-1949 s hmtb, e 520 %
fa T 46955 4%, ALB-Gluci: 3 2 538 o, I -F 0 foAs EMAFPT A, R @ letn EHALB. CKIS
B ApoBk ik 2 % Eifl, ICGA=PAS % & a4 ta o438 % |, Ad-siALK1F=Ad-siALK248, Ff ta e A7 &4
IR T e, AR BAE RA AL S T, %2, BMPOT i@ it ALK 1/213 5 i #4355 AT A8 4 6L A%, 3
L.

X CETRESKAEEA9; ARG 1AE R 2B 2; AR 4k

BMP9 Induces Mature Differentiation of Liver Progenitor Cells through
ALK1/2 Signaling Pathway

LIU Daijiang', WAN Xiaogiang', CHEN Jia', LI Wen', WANG Yinguang**
(‘Department of Gastroenterology, Chongqing University Central Hospital (Chongqing Emergency Medical Center), Chongqing
400010, China; *Department of Proctology, Chongqing Traditional Chinese Medicine Hospital, Chongging 400021, China)

Abstract This study aimed to investigate the effect of BMP9 (bone morphogenetic protein 9) on in-
duction of mature differentiation of liver progenitor cells through ALK1/ALK2 signaling pathway. HP14-19
(hepatic progenitor cell 14-19) was infected with adenovirus-siALK/! and siALK2. The expressions of ALK1
and ALK2 are detected by Real-time PCR and Western blot. Relative acitvity ALB-Gluc was detected by lu-
ciferase reporter assay and the mRNA expression of liver related genes AFP, ALB, CK18 and ApoB were de-
tected by Real-time PCR. PAS staining and ICG uptake assay were used to detect the metabolism and glyco-
gen synthesis of hepatocytes. The results showed that Ad-siALKI and Ad-siALK?2 infection could specifically
inhibit the expression of ALK1 and ALK2 in HP14-19 cells, and BMP9 could induce the mature differentia-
tion and hepatic function of HP14-19 cells. With BMP9 induction, cell morphology showed polygonal paving
stone shape, ALB-Gluc activity was significantly increased, and the expression of liver stem cells marker 4FP

was down-regulated, while the expressions of hepatic related markers ALB, CK18§ and ApoB in mature hepato-
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cytes were significantly up-regulated, and the number of ICG and PAS staining positive cells increased. In Ad-

SIALKI and Ad-siALK?2 treated groups, the expressions of hepatic mature markers, detoxification metabolism

and glycogen synthesis decreased. In conclusion, BMP9 might induce mature differentiation of liver progeni-

tor cells through ALK1/ALK?2 signaling.
Keywords

patic progenitor cell; differentiation

5 I 40 PR % A B R T, 434 28 R 0TI JH- 48
R H R ARSI e, (RSN 1G
REAG . RS T I 14 #H 48 i (hepatic progenitor
cells, HPCs )& — P00 se+4u i, HoA B R EF
U] 73 AT 77, S IR A, 2 40 R A 1) B 2
TARRIFEN S R VF 2 TR E A 4 AE A A
AR R oAb B B A — e Dhe i 40 e, (5 234k
BRI — DR EE, Nk, A B EF R E
1o 5 MFE L i mh A5 B A L R 4R T %6

B KA K H 9(bone morphogenetic protein 9,
BMP9) & 4 jfd K- A0 AR K R BRI R 0 22—,
e —HBA RN LR DIReEE A, B T
BB R IG K B AR AS R AR A, H ) RE
WAEAR BB AERTAFAE K. KB TR 2 AN,
ALKI1/ALK2& BMPY & # H AW 2 E H 1) £ 257
A, AR SR F VS G SRR 1R AEL A0 B B %) 52, Jiad
sIRNAHIH ALKI/ALK2H 3%, B fEHR T BMP9%
5 IFFAE 4 B R 2 O A B ) B AR O3 1 LR L, R
BMPO1E 5 18 28 0 I () % & A JHAH 20 i s 24 734k
S (R 90 8 A4 S () BV Bt S S IRAHR

bone morphogenetic protein 9; activin receptor-like kinase 1/activin receptor-like kinase 2; he-

1 MRS
1.1 EEMESIEF

/INER VR G I A 4 Y 14-19(hepatic progenitor cell
14-19, HP14-19). &4 ALBJA 5T K Yt E B R 1
LK (ALB promoter derived luciferase reporter gene,
ALB-GLuc)/f] HP14-1972 € 41 f bk U5 i 75 Ad-
GFP(green fluorescent protein). Ad-RFP(red fluores-
cent protein). Ad-BMP9. & HHEFPEEN X mouse
ALK 340 7 51| 1¥) 374 Ad-siALKI(activin receptor-
like kinase DIRIHERR G & HFr 74 X mouse
ALK21) 34 7 51 1) 3Fh Ad-siALK2(activin receptor-
like kinase 2) [ T 1 &4 1 5 [ 2 &) K 2 foy i
NBBIEERLD), TALE E R

DMEM; Jr 3k, i 7 I35 L2 B I H Gibeo 2y
Al RNASRBUAAIG . EEFERIRG . Wz
7 & K Real-time PCRIA 7 &6 B 5 E Bioteck 2
Ao PG ER Mg AR 2 R T R & ICGHRH &
PAS G (12 771 & W H 2% [F Sigma A 7 o /)N B R JA 1)
B-WL3 & M (B-actin)— Pt ALK1—Hi. ALK2—#i,
HRP#5 i (] — H1 I [ 3% [ Santa Cruz/a 7). PCRA|

F1 SIALKF%
Table 1 Sequences of siALK

FEAI 44 TR

Name of sequence

(5" —>3")
Sequences (5'—3")

Mouse ALK 1 siRNA site-1 top
Mouse ALK 1 siRNA site-1 bottom
Mouse ALK siRNA site-2 top
Mouse ALK siRNA site-2 bottom
Mouse ALK 1 siRNA site-3 top
Mouse ALK 1 siRNA site-3 bottom
Mouse ALK?2 siRNA site-1 top
Mouse ALK2 siRNA site-1 bottom
Mouse ALK?2 siRNA site-2 top
Mouse ALK2 siRNA site-2 bottom
Mouse ALK?2 siRNA site-3 top
Mouse ALK2 siRNA site-3 bottom

TGG TAG AGT GTG TGG GAAA
TTT CCCACACACTCTACCA
CAG GAG AAG CAG CGG GATT
AAT CCC GCT GCTTCT CCT G
CCA GAG AAG CCCAAAGTGA
TCACTT TGG GCT TCT CTG G
GAG CAATGG TAT AGT GGA A
TTC CAC TAT ACCATT GCT C
CGATAATTC CCT AGA CAAA
TTT GTC TAG GGAATT ATC G
GGG AAGATGACGTGTAAGA
TCT TACACG TCATCTTCC C
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Yy A N G R IE R RH A BR A 7 & R, 751
%2,

1.2 KWH*E

12,1 @RI A Eate  KHP14-1990 i fE
B4 55 FE B R T4 10% FBS. 100 U/mLE#H &
F1100 pg/mL4EF Z ) DMEM 5 &8 9500+, BT
37 °C. 5% CO,~ VAR R B — S A B3 77 48 Hh 3
Fr, FE IR A K 2 20 ik 260 80%~90%, 0.25% 1%
Fifg 5 RIS AL S AR A . ALK SZ56 70 440
control 41 (23 HXTHE AL ): AIATLAT AL HE ; Ad-nullZ
MR FEA): 2 HHE B AD-RFPE L4 iE; Ad-
SIALKI#H : Ad-siALK BG4 ; Ad-siALK24 : Ad-
SIALK2J G40 ;LA b 45 2043 53 S FH RH 97 7 JEk e
Y148 he B ek IR, 72 hitb AT ARG . A Ak s
5093 N5 . controlZH (25 AT RRZH): A AL el Kb BE ;
Ad-null (S FARR EA): 28R 8 Ad-GFP+Ad-
REPJE Y410 ; Ad-BMP9: Ad-BMP9+Ad-RFPJEK
YA ; Ad-BMP9+siALK 1% : Ad-BMP9+Ad-siALK 1%
Yeom i ; Ad-BMP9+siALK24H : Ad-BMP9+Ad-siALK?2
JECYLAN A5 5 B LN 48 h 4t IR 3k AN [H I
(i) ASCEAT ARG o

1.2.2 RAFBEREARFEN ALB-Glucty L&
52 J5 5 ALB-GLuc iU HP 14- 194 i, 1% 4K )5 4% 40 i
WIUEE FE30% 2P0 T-24FLAR, [R] 73 S AL BT, 4.7
10K 5, M&FLHH20 pLEs 3% FiE W, TIN5 mL

BE I B 1 R R N0 pL, GRS, PR
HE T RSO . S EIR AL, JIf
HHEIRK.

1.2.3  Real-time PCRA& ] 7 [F] JL H #9mRNAK-F 49
A3k HP14-19%% 41 JE ) Uh % FE30%Ee Fl T EL 42
6 cmf)$% F7E M6 FLAR H, ALKHN ] 5256 7 4H 4b 223
KJa, Mo s2s 7y HAL 10K 5, W7 i a
ZH 20 L 1) SomRNA, 107 Sl 6 e DNABR AR, Real-
time PCRY™ 3 #H G KL K], [ Bif& 22 4: 2 uL cDNA.,
ETF5%4%1 uL. 10 uL 2x SYBR Greenx M« il
JKZ20 pL; M AN 94 °CHIAE M3 min; 94 °CAR
P£10 s, 54 °CIE k20 s, 72 °CHE{H20 s, FE354MEIE,
JA A 2865 °C~95 °C, £S5 sHEIN0.5 °Cistt . SL5
HE3R, wE3IE AL, DR Tl it S (glyceral-
dehyde phosphate dehydrogenase, GAPDH) N W2, b5
TR A B EHE

1.2.4  Western blotie| & @ i K-F  ALKH| 5K
6 43 A AL HE 3 K I P A% 2L 4 i B, BCAKG N 2R
IR, DRIEREL_EFEE (BEAL20 pgfE E)—2K, 10%
SDS-PAGEHL#% 120 V/2 h4r B 1, 80 V/1 hiL
ZPVDFE, MAE W, =i NEA 1 h, TBSTHER
3R, 53 mMN /S BRORJE B HTALK TR i (se-101556,
1:200)FTALK2 ¥ 4i(sc-73676, 1:200)— i, 4 °CH¢ &
I, TBSTHERS, A1 1:100% B THRPFRIC —Fi, =
IR E 1~2 h, TBSTYEE, ECLK ).

EP# 1, N 4% Luciferin /< N 28 PR IRAI=100:187  1.2.5 ICGHRIRFRAPASE E 5% HP14-194%
&2 5145
Table 2 Sequences of primers
I 5144 - 5I(5'—3)
Name of sequence Sequences (5'—3")
Mouse ALKI1 forward ACC TGG GAC TGG CTG TGA
Mouse ALKI1 reverse GCA GTC TGT GCG GAT GTG
Mouse ALK2 forward GTG GCT CCG GTC TTC CTT
Mouse ALK2 reverse AGC GACATT TTC GCCTTG
Mouse AFP forward ACG AGG AAA GCC CCT CAG
Mouse AFP reverse GCC ATT CCC TCA CCA CAG
Mouse ALB forward CCA GAC ATT CCC CAATGC
Mouse ALB reverse CAA GTT CCG CCC TGT CAT
Mouse CK18 forward CTG GGC TCT GTG CGAACT
Mouse CK18 reverse ACA GAG CCA CCC CAGACA
Mouse ApoB forward CAT GTG ATC CCC ACA GCA
Mouse ApoB reverse TCC CAG GAC CAT GGA AAA
Mouse GAPDH forward GGC TGC CCA GAA CAT CAT
Mouse GAPDH reverse CGG ACA CAT TGG GGG TAG
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Yl H T 46 25 FE30% 5% Fh F-244LAR h, 4> LA BE10K
JadEATRE I . ICGYLta : W5 %L, A 250 pL
ICGH(1 g/L, DMEM5E 415 - L3t i &), 37 °C
B H 1~2 h, WFEY, PBSYE3IX, BB N EEICG
TR O, 20 M A% 2 4% N BH 14, 5 4 ADMEM 5% 4%
Ri g2, 4~6 hiG B IR %2, PASH:(h: W 37 15 77 2,
4%% TR [E 52, PBSTE3IR, IIAN200 pLs g, =
9% B 'S min, ddH,0%% %2 P {62~3 min, 1200 puL
Schiffd ik, Z IR & 15 min, ddH,O%: # #¥%2 min,
DA N SRR, B 4T G N PAS YL 14

12.6 %itsao4r  KASPSS 2208 Fit 1481t
SEOYHT o B LIS E 22 (ks ) Ko, PRI 4LIA] L

Ad-null Ad-siALK1

100 pm

B ko, P<0.05F5A 85 M2 5,

2 H#R
2.1 BRRENSALKIFALK2RIAHNF]

Ji 9% 7 Ad-null(Ad-RFP), Ad-siALK1F1 Ad-
SIALK243 |4 HP14- 1941 i, 24 hn] WL (5
48 h e %15 60%~70%(K 1). Real-time PCR
M Western blotZ5 2R, Ad-siALKI1H#] ALK 1]
mRNA KR, X ALK2 3R IE %A 5%
Wi, Ad-siALK29] ALK2 ) mRNA K & [ /K ()%
&, %F ALK IEBAT 5200 (2, P<0.05). Jiw
F:Ad-sIALK I M Ad-siALK 2485 5 45 5k & 6t ALK 1A

Ad-siALK2

100 um

100 pm

1 BR#HEFAd-null (Ad-RFP), Ad-siALKIFIAd-siALK2%} 5 BHP14-194058
Fig.1 HP14-19 cells were respectively infected with Ad-null (Ad-RFP), Ad-siALK1I and Ad-siALK2

z

g
o
]

—_
W

Fold of change
ALKs/GAPDH
=

<
n

mm Control
3 Ad-siALK1

BEa Ad-null
B Ad-siALK2

B-actin

A: Real-time PCRAGIN % 2HALK IFIALK2(M) 3235 . #P<0.05, 5 Ad-nullZH L5 . B: Western bloth il &-2HALK 1 FIALK 24 H /KF 3 IE - 1: control4;

2: Ad-null#l; 3: Ad-siALK1#; 4: Ad-siALK2% .

A: the mRNA expression of ALK/ and ALK2 were detected by Real-time PCR. *P<0.05 compared with Ad-null group. B: the protein expression of

ALK and ALK2 were detected by Western blot. 1: control group; 2: Ad-null group; 3: Ad-siALK1 group; 4: Ad-siALK2 group,
[E2 Real-time PCRX Western bloti&;MALK1 & ALK2H) 3R IA

Fig.2 The mRNA and protein expression of ALK1 and ALK2 were detected by Real-time PCR and Western blot
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Ad-GFP+RFP

Ad-BMP9+RFP

K
-

100 pm

Ad-BMP9+siALK]

100 pm

Ad-BMP9+siALK?2

4

100 pm

* 100 pm

E3 HP14-194A8045 40 B AR % Ad-null(Ad-GFP+RFP), Ad-BMP9+RFP. Ad-BMP9+siALKI. Ad-BMP9+siALK2
Fig.3 HP14-19 cells were respectively infected with Ad-null (Ad-GFP+RFP), Ad-BMP9+RFP,
Ad-BMPY9+siALKI and Ad-BMP9+siALK2

ANTTHER RO R A2 B4k

The image in the small box is enlarged and displayed at the upper left corner.

Ad-BMP9 Ad-BMP9+siALK1

Ad-BMP9+siALK2
BE R .

R

El4 ZERERIMIFTS
Fig.4 Cell morphology of each group

ALK2[PJsiRNA, W] 73 5l 11 fi] ALK 1 MTALK27EHP 14-
1921 i 208
2.2 HIHIALKI/ALK2{E S #BMP9iE S HP14-
19H94HRBRZ TS

HP14-1940 153 Ay 520, Horp— 41 8= A xR
H, FBCE AR B B IR A4 . Ad-null(Ad-
GFP+RFP). Ad-BMPY9+RFP. Ad-BMP9+siALKI .
Ad-BMP9+siALK2, 24 hn] WL B FER 75, 48 h
PN K 70%~80% (B 3) . AR T WL 22 5% 2 4
M (El4), HP14-1940 ARFR R, 22 U A
NI, KANA—, &5 A nr W2 A%, %50 LA
o BMPOTEAT 10K )5, 4RI AR/, HEFI S %, 24
M ARG M, 2RO REAK, LW E. Ad-
SIALKTHH R 7 A B T 25 51 52 21 Ja > A B TR, AR
A5 R, KT LA R A Ad-siALK 22085 %2 A 1) b Jz
FEESER, B2 MK, KRN, WTPE. it
TEEZFIEA.
2.3 ALB-GlucFik K AF4RAEtE X EBRIFRIETE

ALB-Gluch MIALBJA 3T Ui 141 5% )t 3 g i

PEFR AN I, HP14-1941 i 1 1 ALB-Gluci 4 il &
R IR 8] ) ZE K1 vy (B 5A) . 5 control HAR L,
FHIE) B 18] 55 i Ad-BMPZH 1) ALB-Gluciif 1 &5 2 Tt

=1, 26 10K 19 20 M bs & WAFPER IS R B, 1 %
2 20 B b7 EALB. CK18. ApoBIJmRNAZ ik 7K
PR T E . HAd-BMPALA B, A [E] B8] A5 Ad-
BMP9+siALK 141 F1 Ad-BMP9+siALK 241 /{] ALB-Gluc
TG PR, 2B 10K I T4 M bR EMAFPRIE T =,
T 1% 24 28 B bR B WIALB. CK18. ApoBIfJmRNA
ik AKF T (&5, P<0.05), 1B 7 40 2 18] 4 it 2
Z 5 (P>0.05).
2.4 ICGIBENLIE M PASH G SIIGLER

TCG % HURE J50 2 565 T A4S 00 200 L 114 375 ok Rk it
Thifie, PASHL T PEAh 2 JFF 4 M (0 0 iR & D g
W6 AT, X HE2H 12395 B 2H IMICGRTPAS L £ )1,
SP-TERA P4 M, Ad-BMPZHICG 5 BUATPAS B t6 [ 14
M R L, BREIR, Ad-BMPI+siALK 141 A
Ad-BMP9+si ALK 22 ¥ FH 4 2 % 3% /> T Ad-BMP9
M, HEZ TR, Ll g RS SR, BMPOA]
i I AE 20 A oAk, AR ALK TRTALK 2 22348 7]
IR FIBMPOT AL 40 I 1L 5 S EF

3 1Wig
G L R R T RS AT A T T, LA 40 M ke e
P BTG, RTINS S, B R E
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(A) Bl Control =1 Ad-null 3 Ad-BMPY ,
120 000 = 3 Ad-BMP9+siALK1 Bl Ad-BMP9+siALK2 -
> # —
£ 7 T
g —
Q 80 000 == #
g —_— -
aa) *
— —
< T T
2 40000
£
o
) [N » ]
lmmCirm me [1
1 1 1
D1 D4 D7 D10
(B) B Control B3 Adnll [ Ad-BMPY
[ Ad-BMP9+siALKI Bl Ad-BMP9+siALK2
#
_
§ - o
—— #
6 =- % # *
() —_—
53 7 {_
S %
chs -
53 4
= O
2z ’
£ 50 r—
4 — I-}I
AFP ALB CKIS8 ApoB

A: BHALB-GluciF I #34; B: F I IAT AR EMIIFRIL . *P<0.05, 5 Ad-nullZ FLEL; 7P<0.05, 5 Ad-BMPIZA ELEL.
A: the luciferase activity of ALB-Gluc in each group; B: the expression of hepatocyte related proteins in each group. *P<0.05 compared with Ad-null

group; #P<0.05 compared with Ad-BMP9 group.

5 ALB-GLuciE M (A) K AT 4R ARSI ZRIA(B)
Fig.5 The luciferase activity of ALB-Gluc (A) and the expression of hepatocyte related proteins (B)

KRR YT P84T 2RI AT W55 A BB IR 8 i
i N 1R o 20 O 1 itV o e 1] ORGP g
JRF R 77 T A AR 2 I FE, AN TR SR A ) - 40
FE— T T RIS AT A AR 5, (HR
REIRAS AT (BT 4R D e % FFAH 40 B2 AT 4L 21
U T-A A, B B BT RE S SRR 7 AT RE,
FIEARGNIE FRANY S, 55 3 20 A0 RO T 4 AT A
AN, S A R A A R YR i PR
MR ORAF S DUALERT . P53 /A S R M 4
NI HE DD A 2R R W SO B e AN 58 2 A
JFAHL A 5 5 20 A D9 D RE AR PSR 400 L P S5 65
RHATHE DI,

HILE R LR ABMPs)E T H# ALK 7K
BRU, e R IE R RS A B AR T i E B S
T, WRM MRS R R R . A EE KT
P AR S HE AR R R, I STARGE [ 14 F BMPs Y,

BMP2. BMP9. BMP 105} +H 40 i sl #4500 A 175
FER, Hh BMPOMi5 SE &2 . BMPIfEA
HIA SR H (pre-pro-BMPY)TE T 2H 2R ipe S Rk,
PR RS TP BE TR I AR AR AR
A5 AR IR SR F0S. 24BMPOTE F T BT B R 40
LB, R IE I 55 40 WA AR a2 S o 4 A ) P AR
AHE TR S, B 5457 I BMPOE 3k 1] A 3%
5 AELA0 B o34k, (3 A0 B T e 1 A .

53 WA BIBMPsId i 25 4 175 8 1) 22 2 R/ 7 S IR 1K
f 2R AT E 5 S, BHTCikiE 7 5SMBMPIEZ
&, fLFEALK]. ALK2. BMPR-II. ActRII-BfI3t 3%
fRendoglin, A ET4FAERTF AL R 1K . BMPsX 5%
A (R 2567 TR A, of ALK RTS8 R fe o, ALK 27
Z W8 AR R B A L, BMPOXT AN [F) 52 A4 1) 5
MAWARAHF . N g, BMPF 2 5 ALK
FN3LAZ PRendoglinm 5% 1 1) 45 &, fE AR IAALKIH

0o,
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B)

The ratio of PAS
positive staining cells /%

The ratio of ICG
positive staining cells /%

> D 9 A o)
&S IRERY
CO ?»6 v&%& qXS\Py ()XS'\P’
» »
?,6 Yjs

A: ICGHIPASHL K I % LT AN B D E; B: ICGRIPAS R ATAHIAPH R A . *P<0.05, L Ad-nullZALLER; P<0.05, S5 Ad-BMPIZLLEL.
A: hepatocyte function in each group was detected by ICG and PAS staining; B: the positive staining hepatocyte ratio of ICG and PAS. *P<0.05 com-

pared with Ad-null group; *P<0.05 compared with Ad-BMP9 group.

El6 ICGRIPASHEN % HATHAETHRE
Fig.6 Hepatocyte function in each group was detected by PAS staining and ICG uptake assay

JFF S 5 41 e 7, BMPOIE i 5 ActRITEK ALK 245 & K
YR H AW A 020, AHIE AT 45 B B, I AE 4
HHALK2 1) BE A R 055, ALK B R IEIKF & T
ALK?2, 2 FFAH 4 1R 35 52 4k, 1% 5 1l 2T 400 i
HHAA ALK 13K [ 4508 A — 3500222, 3R 78 E R
B A F M BEBMPYE 5 e H 52 /R R 1K /K1 il 5 T
R A T E R AR . BRI EE A T siRNA
e AN HIALK R IE, &K ALK IATALK 24 1) 20
XIBMPO T 1) 41 fi s e An B IR IA . 4
(A e 53 AW A5 B BE 7 R B2 — B, 41
25 5BMPOALALL, ALK2HHZH % ALK 14114
AWML SEAERE, HIKRE. Jiflrs
ANELHHIER , ADDANTESS 235 , BMPOi# i
TGF-B A ALK2 i 4% JH I O 152 248 A (%) 44 &b A= K A 4

BT, FERALK2 A fE 2 PR T 4R TR S 1) =
BT

AHFFTUESE T BMPOd@ it ALK 1/ALK 215 5 il
P55 T AL B R A L I E . % T A4 i T
AW, 725 SR T, FRATI E R 1) %Ak
() £ B, TR NARITBMPO/ALKAE 5 7% 5 FFHHL 40 At ik
BA I BAR S T AL, I H RUO-EALK 2%
PARLE I AH A0 B 55 R T4 B R R I8 A8k . FAH A
LA S JFF 40 B A ) B M T A, A T TR R
FA AT 5%, ANHIEFE R -3 A 20 e 4k 4 i 3 2 AR i A
75 SR T B L B SR AN S IR
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