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Effect of NHE1 on Stem Cell Differentiation into
Cardiomyocytes

Lei Lei, Lin Dou, Long Yan, Zhongying Dou, and Huayan Wang
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Abstract: Sodium/proton exchanger 1 (NHE1) plays an important role in the cardiomyocyte development. To study the effect of
NHE1 activity in stem cells differentiation into cardiomyocytes, we treated P19 stem cells with dimethyl sulfoxide (DMSO) to
initiate cardiomyocyte differentiation. In separate experiments, P19 cells were incubated with NHE1 specific inhibitor EMD87580
during the DMSO induction. The formed embryoid bodies (EBs) were detected with cell morphology detection,
immunohistochemisty staining and RT-PCR analysis of expression of cardio-specific gene markers. Results showed that P19 cells
were able to differentiate into cardiomyocytes and form the beating cell clusters. However, when cells treated with NHEL inhibitor
EMDB87580, they could still form the EBs and proliferate when cell clusters adhered on the culture plate, but cells were unable to
differentiate. This observation indicates that inhibition of NHE1 activity affected P19 stem cells differentiating into cardiomyocytes.
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Table 1 Primers for determining cardio-specific genes

Gene Sequences of the primers(5’-3") Length (bp) acfeirs]ﬁ;nllilo.
ThxS sence GCCGATACAGATGAGGGCTTTGG 491 NM_011537
anti-sence CAGGTGGTTGTTGGTGAGTTTGAGC
NHEL sence CCCTCACGTGCGCACACCC 192 NM_016981
anti-sence GACGTCTGATTGCAGGAAGG
MEF2C sence GAGGATAATGGATGAGCGTAA 418 NM_025282
anti-sence GGACACTGGGATGGTAACTGG
sence CGAGGGTGAGCCTGTATGTAA 404 NM_008092
GATA4 anti-sence TGGCCTGCGATGTCTGAGTGA
GAPDH sence ATTCAACGGCACAGTCAAGG 668 NM_008084
anti-sence CAGTGTAGCCCAAGATGCCCT
F2 WNTHEDEEEERNSY
Table 2 Primers for pluripotent genes in stem cell
Gene Sequences of the primers (5'-3") Length (bp) aciiz:?;nllilo.
Nanog sence TGGTGTCTTGCTCTTTCTGTGGG 624 NM_028016
anti-sence GCACTTCATCCTTTGGTTTTG
Sox2 sence ATGTATAACATGATGGAGACGGAG 659 NM_011443
anti-sence TTCATGTAGGTCTGCGAGCTG
sence TTCAGACTTCGCCTCCTCACCC 600 NM_013633
Oct-4 anti-sence TTGTCGGCTTCCTCCACCCACTT
Dppa-4 sence ATGGAGACTGCTGGAGACA 891 NM_028610
anti-sence TTATCCTTCGAGGCTCTTAGT
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B 1 P19 ZHARIES 5L (100X)
Fig. 1 Induction and differentiation of P19 cells
(A) normally cultured P19 cells; (B) embryoid body of P19 cells
incubating with DMSO for 4 days in the suspension culture. After
2-day in suspension culture, the aggregates grow to dish surface for
4 days (C) and 11 days (D); (Magnification 100 X)
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Fig. 3 RT-PCR analysis of cardio-specific genes expression
1: P19 cells as negative control; 2: induced and cultured for3 days;

3: induced and cultured for 5 days; 4: induced and cultured for 8
days; 5: induced and cultured for 11 days; 6: positive control from

f:-; W the normal mouse heart tissue
© % 24 EMDS7580 HBHIFIRE P19 AR DAL S
=500 kwEm
Sl R N 2817 DMSO Zb#H 4 d (2SR REA K 2 d Fi 4 d
o L e R LRSS, A RS,
) 4 - SR I 20 M 2 AR B TR () 4A, B). i ad
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~ (B WEEAER: 2 d 1 4 d 5, SAAIR PR ERE RIS ),

: 2N M P D 285, A A e A K, RBR
B BLA (14 4C, D).

B2 GyztB i P19 48A8E L BNLS K (200X)
Fig. 2 a-actin staining of induced P19 cells cultured for
different days
After DMSO treatment, P19 cells were cultured for 4 days (A),
7 days (B), 11 days (C). The control P19 cells without DMSO
treatment were cultured for 11 days (D); (Magnification 200 X)
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kT RN T I A0 A O WL 3 R s LR
JifL 2R T RE AR IC ) I 2B AR Ak, DL B UL A4 i o
HERE NHEL ik 24k, Wt TS 3d.
5d. 8d. 11d W4, FHLAKRIFETH P19 AHfIfE N
FAPEXT R, #EF7 RT-PCR Kl . SB045 R 8K, 40k
149 4 Jif 2% 35 550 L2 AR OC 049 5% S L7 GATA-4,
MEF2C, Thx5 LA & NHEL 3L [, - H K% 175501k
PR A RE K, o I PR 1) 3 1k et 2R 38 Jn (&1 3)

Fig. 4 EMDB87580 inhibiting P19 cells differentiation
After induction the aggregates attached and grew for 2 days (A) and 4
days (B), cells start to spontaneously differentiation; After inhibitor
treatment the aggregates still can attach and grow 2 days (C) and 4 days
(D), however, cells didn’t show the differentiation; (Magnification 200 X)
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Fig. 5 RT-PCR analysis of gene expression of P19 cells
after EMD87580 treatments
1: P19 cell as negative control; 2: differentiation for 2 days;
3: differentiation for 4 days; 4: DMSO and EMD treated cells
for 2 days; 5: DMSO and EMD treated cells for 4 days
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6 EMD87580 1% P19 HAEIF SN LE THMS e’
& F RT-PCR #&i
1. REWHS PN 2. ek 2K; 3. o4 K4
PR 5S40k 2 K 5. Il E Sk 4 R
Fig. 6 Pluripotency genes RT-PCR result of aggregates
attach to dish surface after suspension culture with 1%
DMSO induction and EMD87580 inhibitor
1. P19 cell as negative control; 2. DMSO treated P19 cells for 2
days; 3. DMSO treated P19 cells for 4 days; 4. DMSO and EMD
treated P19 cells for 2 days; 5. DMSO and EMD treated P19 cells
for 4 days
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I P RATAR I, A4 6I 7 EMD87580 )
il NHEL (3fitE, 2xBHWr P19 4 my.Co ULAN A Y 53
fb. 4 EMD87580 4b¥ifY P19 4 fify v] LAIEH AITE A%,



TS M NHEL 354453 i T 40 16] .0 JJL 43

1795

FRAR, (RS AN BERE IR I, 20 A A1 A ) B ) A1
PHUE R B b dn i, 58 IR A7 LRI HL3L 2 A
FF, AU AR A A T BAE TR . A SR
KIFEIEH S P19 41 I v O 8 4
o A0S R I AET, X AT AR B AN A K
PPl 240 B AT 5 AN BT T o FRAT] A BRAE T 4 L )
O LA A3 Ak R b NHEL 11435 35 Bt it 25 38 i (1]
3), il EMD87580 X NHEL & i M A il il £
AR AR MG ZE ()R B, (R IF A2 NHEL 5 A A 4p 2
FoE B H X AR T REAE T . X4 EMD87580
SE IR AR T o A AR I 45 R R, S
JULZH0 if 7 A OQ 1) e SR TRl 7o L 2638, T 44 M AT 8%
FEIRWONE T 20 A R AR I o AR ZR 0 i 550 4b B 1 2
i 22 35 0 UL L 8 A OQ B 2 sk AL, (LR JIG 48
LR SR ARG O, X R O LA A iR
JZ, T Sox2 R 1% 2% 1K f i 7E SR M R A e A T 2]
Bl JSTEN AR R Rk, BB i TESMIRZE, Octd
B DR A e A SR A H R kol i 45 P i — R
ZUiW]4 EMD87580 #liil 1 NHEL B934 )5, P19 T
A A BEAT S O LA i 40Pk . NHEL 118 C
Ao BB TSR N, BA dME S5 S 06, —
e KN 225 MRS TSl C R
REI A/ SR NHEL B9TEPE . 3% — S AR A A7
TE 585 U8 35 1145 6 A PRS00 80, 38 2o R 45 4 B PN 5
AR, KIEESH SR, NHEL it
C Rt 55 T T 6 B2 52 M 1 40 A v .0 UL 41
G4k, A SR 3E I I A 20 6 PN R G T B ] 42 5 i)
T4k, X —a TR A Rk — AT

REFERENCES

[1] Menasche P, Hagege AA, Vilquin JT, et al. Autologous
skeletal myoblast transplantation for severe postinfarction
left ventricular dysfunction. J Am Coll Cardiol, 2003, 41:
1078-1083.

[2] Fujii T, Yau TM, Weisel RD, et al. Cell transplantation to
prevent heart failure: A comparison of cell types. Ann
Thorac Surg, 2003, 76 (6): 2062—2070.

[3] Saito T, Kuang JQ, Lin CC, et al. Transcoronary
implantation of bone marrow stromal cells ameliorates
cardiac function after myocardial infarction. J Thorac
Cardiovasc Surg, 2003, 126(1): 114-123.

[4] Rajasingh J, Bord E, Hamada H, et al. STAT3-dependent
mouse embryonic stem cell differentiation into
cardiomyocytes: analysis of molecular signaling and
therapeutic efficacy of cardiomyocyte precommitted mES

(5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

transplantation in a mouse model of myocardial infarction.
Circ Res, 2007, 101(9): 910-918.

Paquin J, Danalache BA, Bogdan A, et al. Oxytocin induces
differentiation of P19 embryonic stem cells to
cardiomyocytes. Proc Natl Acad Sci USA, 2002, 99(14):
9550-9555.

McBurney MW. P19 embryonal carcinoma cells. Int J Dev
Biol, 1993, 37(1): 135-140.

Robertson EJ. Teratocarcinomas and embryonic stem cells:
a practical approach. Oxford: IRL Press, 1987.

Friend C, Scher W, Holland JG, et al. Hemoglobin
synthesis in murine virus-induced leukemic cells in vitro:
stimulation of erythroid differentiation by dimethyl
sulfoxide. Proc Natl Acad Sci USA, 1976, 68: 378—382.
Kimhi Y, Palfrey C, Spector |. Maturation of
neuroblastoma cells in presence of dimethyl sulfoxide.
Proc Natl Acad Sci USA, 1976, 73: 462—466.

Tralka TS, Rabson AS. Cilia formation in cultures of
human lung cancer cells treated with dimethyl sulfoxide. J
Natl Cancer Inst, 1976, 57: 1383-1388.

Lako M, Lindsay S, Lincoln J, et al. Characterization of Wnt
gene expression during the differentiation of murine
embryonic stem cells in vitro: role of Wnt3 in enhancing
haematopoietic differentiation. Mech Dev, 2001, 103: 49-59.
van der Heyden MA, van Kempen MJ, Tsuji Y, et al. P19
embryonal carcinoma cells: a suitable model system for
cardiac eletrophysiological differentiation at the molecular
and functional level. Cardio Res, 2003, 58 (2): 410-422.
Karmazyn M, Sawyer M, Fliegel L. The Na(+)/H(+)
exchanger: a target for cardiac therapeutic intervention.
Curr Drug Targets, 2005, 5: 323-335.

Sardet C, Franchi A, Pouysseur J, et al. Molecular cloning,
primary structure and expression of the human growth factor-
activatable Na*/H" antiporter. Cell, 1989, 56: 271-280.
Fliegel L. Regulation of myocardial Na'/H* exchanger
activity. Basic Res Cardiol, 2001, 96: 301-305.

Fliegel L, Sardet C, Pouyssegur J, et al. Identification of
the protein and cDNA of the cardiac Na/H exchanger.
FEBS Lett, 1991, 279: 25-29.

Wang H, Fliegel L, Lucchesi PA, et al. Phosphorylation and
regulation of the Na'/H" exchanger through mitogen-
activated protein kinase. Biochemistry, 1997, 36: 9151-9158.
Slepkov E, Fliegel L. Structure and function of the NHE1
isoform of the Na*/H" exchanger. NRC Res, 2002, 80: 499-508.
Hescheler J, Fleishmann BK, Lentini S, et al. Embryonic stem
cells: a model to study structural and functional properties in
cardiomyogenesis. Cardiovasc Res, 1997, 36: 149-162.

Sakai T, Liu L, Shishido Y, et al. Identification of a novel,
embryonal carcinoma cell-associated molecule, nucling,
that is pp-regulated during cardiac muscle differentiation.
J Biochem ( Tokyo), 2003, 133(4): 429-436.

Choi SC, Lim DS. b5-azacytidine induces cardiac
differentiation of P19 embryonic stem cells. Exp Mol Med,
2004, 36(6): 515-523.

Avilion AA, Nicolis SK, Pevny LH, et al. Multipotent cell
lineages in early mouse development depend on SOX2
function. Genes & Dev, 2003, 17: 126-140.

Journals.im.ac.cn



