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5-F A S 4MEFRIE Nkx2-5 1 P19 ZApamE OSSR

KT R H EEWAFE REF. K F T b B B K22 Rl 12 2 B 2 SRR a2 OB 38, 47 %) 050017 )

@ E: HI OPREREEIRA RS- AN (S-azacytidine, 5-aza) Y5533k Nkx2-5 (1% P19 2 a0 L5 7]
ReMERNR ., itk SC80 Ay R SC G ARG R A, SEO0ZH 40 A e e Fe ik Nkx2-5 (1 P19 40, X HRZH 2k P19 4, 2 ZH40
e PR EEFR MR, U 5-aza( 1 pmol/L) S, BIE BB WA AN AY A KIS ;155 4 .8.12 16 d, Western blot A&
a-sarcomeric actin Fl ¢TnT {235 ; I D E N ARFE M a-sarcomeric actin 1 ¢TnT LRk, G50 SZIG4H Fet RE2H 40
MIAE 5-aza 52 T, A K GAS SET-AMMEC H 0 22, 6N R 200 i 285 18 388 0, T8 8 2S00 SR 40 AR I B 2 K IR, vl 21
AN AR TR AN IR RS AR AT R g . SR AE S 8 .12 .16 d KN E a-sarcomeric actin 1 ¢TnT 2 FjifE
HA IR FIILRGR b BRI 2 75T 12,16 d B a-sarcomeric actin [RA TS 8 d hER A G X (P <0.01),
P 16 d (k5 12 d LA SR (P <0.01) ;¢ToT 7E5T 12,16 d 193RIk T 5 8 d WERAGIHTHR (P <

0.01), XFTRERHEA 2 FpEAMFAMILREK, 858  5-aza TAFHR)ZA K HFRIK Nkx2-5 #5 P19 4L 1.0 L5k
K417 . 5-aza; Nkx2-5; P19 4ifift ;.0 L4k
HE 42 . R322. 11;R329-33;R329. 21 CERARIRAD . A

5-azacytidine induces Nkx2-5-exogenously-expressed P19 cells to differentiate toward

cardiomyocytes

ZHANG Jin-ping, ZHAO Jing, WANG Hui-juan, ZHAO Xiu-jun, ZHAO Chun-fang, ZHANG Lei ( Department of Histolo-
gy and Embryology, Basic Medical College, Hebei Medical University, Shijiazhuang 050017, China)

Abstract; Objective To explore the possibility and efficiency of the myocardial differentiation of P19
cells that exogenous expressing Nkx2-5 gene under monolayer culture condition with 5-azacytidine (5-aza) in-
duction. Methods P19 cell line was divided into 2 groups, experimental group and control group. The cells of
experimental group were P19 cells which expressed Nkx2-5 gene constantly. While control group were common
P19 cells. Under the monolayer culture condition, the cells of 2 groups were induced by 5-aza at a concentra-
tion of 1 pwmol/L. The growth state of cells were observed by inverted microscopy. In4, 8, 12 and 16 d after
induction, Western blot analysis was used to detect the expression of a-sarcomeric actin and ¢TnT. The co-ex-
pression of a-sarcomeric actin and ¢TnT was detected with immunofluorescence methods. Results With 5-aza
inducing monolayer culture, the cells of experimental group and control group all grew slowly. The number of
dead cells was increased. As the attached cells increased in number, they gathered and formed a state similar to
adherent aggregates-like structure. The cells in the center of the aggregates were small and dense, while the
surrounding cells became longer, changed into spindle-like shape with extended processes and arranged in ra-
dial way. In experimental group, the expression and co-expression of a-sarcomeric actin and ¢TnT were detec-
ted in 8,12 and 16 d after 5-aza induction. The expressions of the 2 proteins were gradually increased. Statisti-
cal analysis showed that the expression of a-sarcomeric actin in 16 d and 12 d was significantly increased com-
pared with that in 8 d (P <0.01). The expression of a-sarcomeric actin in 16 d was significantly higher than
that in 12 d (P <0.01). The expression of ¢TnT in 16 d and 12 d was significantly higher than that in 8 d
(P <0.01). In control group, the expression of the 2 proteins was not detected. Conclusion 5-aza induces
monolayer cultured P19 cells with exogenous expression of Nkx2-5 gene to cardiac differentiation.
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I, 5-aza if5 A A] B0 WL, WFFEHEILE P19 21 i
HR BSOS 5-aza TTRES LB L STE R
7 9 (bone morphogenic protein , BMP) {5 5 & 44 111 5 M)
B e F Nko2-5 1T P SN 3K Nkx2-5 1 P19
YA e 5 7E 5-aza V5T | )7 HE 75 B B 8 m) 0 LAY
A, PNTITAE hg—Ffrd5 35 5 2 17 o s 8 ) O LA A A
RGO NE R B AL L7 IR S g0t L
55 5-aza NFELE A KA P19 40 FIES SE 535 Nkx2-5 A
P19 2 5 S B [0 LA A S RIS SR i 85 5%
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1.1 ##
L1 230 4 A i G ot okE P19 4 fiil & ( ATCC, CRT-
1825) Iy [ H [ i F0 B2 B} K 2= 4t g o0, pEGFP-N1-Nkx2-5 it
AR SIS FE R AR AT
1.1.2  FZEH 5-% M2 4 (Sigma 2 7] ) , Lipofectamine
2000 #: YLk F]  o-MEM B FE 5185 . G418 (Invitrogen 24 ) ) |, I
A TEH (BTN M EYARAF) , BT a-sarcomeric actin Hi
TEREBLIAR AW FEARIC W 2E BT B BT 186G L avidin-Cy3 A1 =
HUA FITC ARl BT R = Ht (R DU L AR A F] ) | fugiesl
FEH P <TnT BATE PR (NeoMarkers 2\ 7)) , Western blot [ B,
Pt TnT BLFEREH{A (Santa Cruz AH]) .
1.2 7%
12,1 SesreH S0 43 Shy S G 4 RO R AL S 4 4 i
EsEFIA Nkx2-5 1) P19 211, Xk HEEH 20 P19 4ifiE .
1.2.2 SCO52H 20 R A i e AR 0 i KHERZIE 4 ~
12 {41 P19 2 il 4% IR Lipofectamine 2000 #4145, ¥ pEGFP-
NI-Nkx2-5 ki DNA (ug) A5 4Li8 57| Lipofectamine 2000 ( l)
PRI 10355 1SR 18 ~24 h, FI9E G Bt B WA A MR S IR Al &
LRETOLEAMRSE . JFIMAT A 700 mg/L G418 ) o-MEM
WEFREEMATIR L , 8 E 2 A TR RS L SCEk (4], A
20 L A 52 36 2 1 240 i
1.2.3 2 40 5-aza i 53R 2 AAIIIYLL(1.0 ~3.0) x
10° /ml 4228 LA S-aza , fif 5-aza [HZHEEEH 1 wmol/L, 2 J5 &
2 R 1 W, AEYE IR WA 5-aza (9 28 Wk B 06 2R TN
1 pmol/L, W5 5575 76 58 W T WA i iy A= KR L
1.2.4 Western blot ¥ {ll] a-sarcomeric actin Fl ¢TnT [} 315
B 4 .8.12.16 d A, SR ECAHMLEEE 11, 5 B i
FleER. LL50 wg/fLIY BRI AT 5% WeAi I J 10% 43 15
WS SDS-BR T 475 Tk Jiie 58 JI FL 9K, 49 B a-sarcomeric actin Fil
cInT, $4 155 ,5% NG ks E IR AL 1 h K5 AR P UIAZR L,

A| B

5 )5 ECL 4, Bio-1D AR{4RT B UK 40 AT 8 B 4347
1.2.5 ARSI a-sarcomeric actin F1 ¢TnT 315

BT 4.8.12.16 d (41, 4% 2 5 W RE[E &, 3% W -
H,0, % R & 10 min, 5 1% Triton/PBS 74k 4LFH 30 min,
L)L 10% 1E% L2135 £ A ,37 °C 30 min, Ji§ 1l il a-sarcomeric
actin FLAA(1: 100 FkE )4 CKFERR . WA H R bRiC i —30
IeG TAERIIE ,37 °C 45 min, J#hN avidin-Cy3 AR =H1(1: 50 F
B L065¢16)37 °C 30 ming J AN EL TnT HifA (1: 100 i )
4 °C PKAEER . W0 TITC FRic il —Hiie & (10 50 7B, 4 (498
J6),37 C 45 min, Hihd b, #0004 CHRAE, PBS AU —PifE
G XT AR, Leica TCS-SP2 SO IR AR 474 b 58 AT BAH
1.2.6  Guil=#hbdl BdEH x £ FoRn R SPSS 13.0 4
FHRAEEAT 00T, 20 N LR BRI R Uy 220017, 24 05 22 3 i
F M 2E S g — P T g R AR G LA

2 HR

2.1 fmpeeyAe s ik R

SZUe2H P19 U iEEE e ik pEGFP-N1-Nkx2-5 2 J5 1 24 h,
B Y Nz 1: 10 /248, A& 700 mg/L G418 (1) a-MEM %
FRILIHVE 14 d, KZEANMEREA 5O (B LA) | X EL4i iy
HFasE ik Nkx2-5 (1) P19 4ilfd . Xt B 4] P19 4 g %o A gL
Fg L (E1B) .
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E1 FEERERARBEHENR P19 HRRERELER

2.2 S-aza BEFFE@mEHEF T

2 SHAAE S-aza V5T HUZ R FR,3 d I HH BUA0 M A K 2%
12, 8 KA Z ML T AR BB (& 2A) o gl bl & 1 9% R
B 6 d B4 E B 2 I RAE RN A K B LT
YN R A AR AR K AR S (/T 2B) o 10 d B HO g 2 4R
JE R AR IR geie (8 2C) o B SR (] 4E
o, 16 d B 3R A2 A G R Ao 55 ) i L TR 7 B R (ACRE 5 44 11 R
NN ERIE SR HES (B 2D) . 2 HEER SR R
HRAT LB S 40 L Bk 2l 3

A: F%3d; B:iEF6d; C:#%F10d; D355 16 d

2 S-aza FREAREREILEA P19 HRESFEUR

(f8] & 2 4t x200)
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2.3 Western blot # | q-sarcomeric actin F= ¢TnT 4§ %
KR

SLEG4H o-sarcomeric actin A ¢TnT 7E 5-aza 55 1) 4 d &
WA 3K ,5-aza FERG A 8 .12 d Fil 16 d B A ik, H a-sarco-
meric actin fl ¢TnT fE55 8 .12 d F1 16 d B (19 & 15 & & 1
Elo BT8R BN 55 12,16 d B} a-sarcomeric actin [ #35
W58 dEFARITFENL(P<0.01) 5% 16 d AR
512 dEREASHITFEL(P<0.01), cTnT FEFHT 12,
16 d (FRIEB5H8 d lLERAZITEE L (P <0.01,K3), XfH
HEA I a-sarcomeric actin Fl ¢TnT AHM /& 55447 ,2 Pk
B =ik o
2.4 -sarcomeric actin Fo ¢TnT &) & £ ik & %

S YHAE 5-aza 55 4 d, Y%A a-sarcomeric actin 1 ¢TnT {)
RiK,8.12.16 d B I HLFR 5K, 2 Fh AR 1A W] — 4t R ] &5
fEZRE, 8 dITILREEHMME D, 45T o-sarcomeric
actin( £14,) 1 ¢TnT (4 {0) LRIKARLG 0 B A28, B0k, (L
T Je(E 4A -C), 12 d BPELREB M AHIIG 2 | B Eaps

20 pwm
—

20 pm
—_

20 pm
—

20 pm
p—i

DAL EEIER , A AR B 2L SR s U TR, ML R B
YRR LSS (14D - F) o 16 d BTSRRI RIS
Tk — L M EOISEACIR S TE NI B (814G - 1),
XTHEZH P19 HHMTE 5-aza 55 T, LR IEFRE 4 8.12.16 d ¥
BEAT R I B 21 (0 Fn 4 (6,56 56 DL K Tl & 96, BEAT a-sarcomeric
actin A1 ¢TnT fYILFIA,

035 1 a-sarcomeric actin [l ¢TnT
a ab ,

0.30 . J_

0.25 -

0.20 - -

0.15 =

0.10 -

0.05 -

0 4 8 12 16

t/d

a: P<0.01,5 8 d sudk; b: P<0.01,5 12 d wedk
3 S-aza FEESAEREISLIEA P19 4R q-sarcomeric actin
F0 ¢TnT 3Rk

4% &, .cTnT; 4L & ; a-sarcomeric actiny % & ;2 &k ; A-C: 558 d;D-F: #5512 d;G-1: #5516 d
E4 SEREWRET S-aza FHEAERTEKKH P19 4HMH o-sarcomeric actin 1 cTnT FIEFRIE LR R B34 L 4E)



518 ] KT, S S-SUI I AR Ni2-5 1) P19 A0 Lo LA LI 52 1781
3 it LAnfE sk, — Bk 7E P19 4, 4 i AL 21T

P19 iR Jif 965 40 M2 ( embryonal carcinoma cells, EC)
E—FIREEAE RSN R SR M Z e T A0, 205 5 7T 74k
FAEFEOIAEN M Z R, 78 P19 ZH 1.0 1L 53
BT, — BT by 3R A 855 2 N5 3 00 G = H T AR
(DMSO) S5 (s S IR0 2 b D kA B
FEHGE 5-aza N[iFE T HRZM P19 i mo L1, 7E
5-aza ifs 3 L2 P19 A0 .0 WL fb S b, R
BMP-2 F1 BMP-4 L[| (1) 2 iA 4 g, PRI A 28 44 00 F ot
51 % B0 WUAMEE B BMP 5520 72 59 m 0,
BMP {55 & 1802175 50 LAR I & A= 10 205 5 i A2
AL PE BMP-4 R DLt 40 it 2R 4 T A 4% Nkx2-5 (1%
TGS P19 A A0 LA Ak, T B2 AR K AR E
ik Nkx2-5 1 P19 40 3F A g0 LA . BRE AR
5-aza ] LIS BMP 55348, 1 BMP & 42 )2 A 45
Nkx2-5 gyl v i B 542 ™ I8 A e 5-aza
WhE AT DA RS 2 #2538 Nkx2-5 1) P19 21 Jifd 75 50 )2 15
FEBA B L LA A . PAS 5255 H 5-aza 53
BT R RE SR P19 40 R 3R 38 Nkx2-5 1) P19 4
L, He A O LA ) 25 5 IR — Fh A i O I
BIRIMEARL,

S-aza A ER A AL RETEVE R, 7E P19 4 fo SR AR 35
FEmt, T LLAT 2L T B S-aza 19 40 B B M, BDAE S
10 pmol/L () 5-aza W A255 |2 B G0 4N sE =" {H
SRR FRI P19 20X AE S Y 5-aza Vi FE 200 i
AARAAR, K- A IRFE AR R BT . AFE 8 5
U9k B, 1 wmol/L (v BEXT B 2 A K 1Y) P19 4 AT 4
U T LR R PE RIS R AR 9286 S5-aza 1
PR AR AT wmol/L,,

Xof REZH S0 20 1 45 R 25 S U < 5-aza ANBEIS R
FEEEFRIY P19 0 AE R KRR SUILALG WLFR
BY, 53 145 1A R, AT B2 5-aza BYRCH] AL
FAFAR] DL R A8 E T A R Y 5 5-aza 5 {1 FRLR
AR R RRE Fe 3k Nkx2-5 1Y P19 4ff i 3R 18 8 st s i
W) a-sarcomeric actin A0 LR 4 TnT 2 Fhg 28 &
P Y R8T AR ) 20 A [R5 407 5 B e 323k, Ui W] 5-aza
5 S FIERLZ B FR RS E 3k Nkx2-5 19 P19 il AL A
T s B — e S5 R LA, R R O AL e 2 FhaE
MEEAEES 812 d #1116 d Fkfiilskis, HFELH
B D T AL S-aza P ALLE S
FeliFa E Fek Nkx2-5 1 P19 20 17 457 i 4S5 16700 L
YRS ARSI v BT I AR F %) FRAK IF T] A SRR
M5 7 LT L G TR My AR RIS A AR [>T

AR W ABIESS T 5-aza 1 BMP4 —FET] DL fd
FarE #ik Nkx2-5 JE K P19 40 fifg B 2 8% % R [0

O WUE AT 1 AEEAE R v & A 0 43 T LA AN
WD ARSI S-aza BB IR WA 4 Nkx2-5
(A% S DT it SR AR B 3705 & P19 AL LR A
Rt — W98, A Al BE S-aza i@ 1 2= B JEAE FH 5]
BMP {5 5 (7% fL ik 1 51 42 SMADI %4k, Fi iy SMADI
51 Nkx2-5 A5 FEAONLE LS i #TE 5-aza 5 354
TEFEA Nkx2-5 Y P19 4Hfifirf , Nkx2-5 B[Rk T 5-aza
S BMP 55384200 30T P19 40L& L

P19CL6 4l Jffd /2 P19 WA Jifi 9 410 ifd 11 W7 & , P19CL6
i O LA R B S5 2 1% DMSO (193755 5 AR 2 0
RE LA B AN 8 7%, T L sk ok Sk Bk B0 L4
J Ok ol R AR S B v L e SCHik [3 ] 4 E Y
5-aza 5 IO EZ P19 20 L0 UL A1 11 w5 40 it 2% 2 A
L AR AEAR S B0 i F o AL ROR R AR, 5-aza 15 52 L
IR E Ik Nkx2-5 4 P19 411 it B )0 L A0 i 43
b H S SO R I I A T PLOCLG 4 i, R I AS i &
VE R IARSME R AT O E & B FLO WU BESE . 52
Y520 1] O LA A BSCRAG B S DR AT RE 2 P19 4 i K 3k
Nkx2-5 [ AR e oliad /b i B, sl idr ik — 25 0 ok o
FaEE 221k Nkx2-5 (1) P19 4B &, FiH 5-aza 550
JEEEFET LA B B O L o
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