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Expression of Several Cell Cycle Regulatory Genes in Cultured AT-1 Cardiomyocytes
after Formation of Synchronously Beating Sheets
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ABSTRACT

Background and Objectives[] AT-1 cells have been derived from the left atrial tissue in which the ANF
promoter targeted SV40 large T antigen expression. When cultured, clusters of spontaneously contracting cells
were observed after 4—5 days and contiguous sheets of synchronously beating cardiomyocytes were formed after
10 days. In this study, expression of several cell cycle regulatory genes were monitored through Northern blot
analyses in AT-1 cells during beating and after formation of beating sheets (BS). Materials and MethodJ AT-1
RNAs were obtained in 3 days after plating, during beating and after formation of BS, and used for Northern blot
analyses. Results[] a-Cardiac myosin heavy chain expression was prominent in beating cells, as would be
expected for this contractile protein isoform but ANF was decreased after beating. Gax was not expressed in
cultured AT-1 cells but in AT-1 tumor and murine heart. p53 and p2/ were decreased after beating which
indicate transcription level of p53 and p21 correlated well in AT-1 cells. In contrast, pRB and pl07 were
increased after beating but p68 (2.4 kb) which arose by alternative splicing of p/07 and lacks the pocket
domain B was decreased in beating cells. pTCS2, murine tuberous sclerosis gene, represented similar levels
during beating but a little was decreased after formation of BS. mRADS50, the murine homologue of yeast
DNA recombinational repair gene RAD50, was increased in beating cells, a similar pattern to p/07 and pRB.
But the p50 arose by alternative splicing of mRADS50 and has 3’ half of mRADS50 had unexpectedly appeared
and maintained after beating. Conclusion[] The expression of cell cycle regulatory genes after beating and
formation of BS in AT-1 cells showed gene-specific pattern and the p5S0 which has homology to the mRADS50
may participate in differentiation of cardiomyocytes. (Korean Circulation J 1998528(4):611-619)
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RT-PCRZ 0|28} cDNA probe =

Rerverse transcriptase—polymerase chain reac—
tion (RT—-PCR)O OOO0O OO OO cDNA probel
00000, a —Cardiac myosin heavy chain (o —MHC)
O 00, sense primerd 5’ —CTG—-CTGGAG—-AG—
GTTATCCTCG-3'00 antisense primerd 5'—
GGAAGAGTGAGCGGCGCACAAGG—3'00 band
0 ODD0ODODODO 302 bpOdO. Atrial natriuretic factor
(ANF)O OO0 sense primerd 5-CGTGCC-CC—
GACCCACGCCAGCATGG-CCC-3 00 antisense
primerd 5’ —GGCTCCGAGGGCCAGCGAG—-CA—
AGCCTCA-3'00 bandd OOOO0O 389 bpOO.
Gaxd 00O, sense primerd 5'—AGCCTGATT-—
CCGGAGGGCCCCCGGAGCTGG—300 antisense
primerd 5'-TGCAGCTCCTTGTTGTCCCC-CC—
TTGACCCG—-3'00 bandd OOOO0O 428 bpd
0. p530 00, sense primerd 5’ —GAGGAGTC—
TGGAGACA—-GCAGGGCTCACTCC-3'00 ant—
isense primerd] 5—TGAGATTTCATTGTAGGTG—
CCAGGG—TCCAA-3'00 bandd OOODODO 521
bpO0O. p210 OO, sense primerd 5 —TCTTG—
TG-TTTCAGCCACAGGCACCATGTCC-3'00
antisense primer] 5'—TCCTTCTCTGCTCCTG—
TCC-TTACCTGTCAG-300 bandO O0OO0OO
477 bpO0O. prRBO OO, sense primerd 5'—TC—
TGCA-AGTGATCAGCCATCAGAAAATCTG-3’
00 antisense primerd 5'—AAGTACGTTCA-
GAATCCA—-CGGGAAGGACAA-3'00 bandd O
0000 393 bpOO. p1070 00O, sense primerQd
5'—ATACTA-AAAGGAATAGGAGAGACTTT—
CTGT-3'00 antisense primer] 5'—CACCAT—
GTCCCTTGAGAG—CCCCTCTTCTGA-3'00 ba—
ndd O0OO0O0 369 bpOO. pTSC-20 OO sense
primer] 5'-GCCAC—-AGCCAGCATGGCCGTCC—
CACTGCTG-3'00 antisense primer] 5'—-GG—
ACGTCTGTATCCTG-CTGCGGACCACATG-3"
00 bandO OO0O0O0O 497 bpOO. p153 (MRAD—

50)0 00O, sense primerd] 5 —ATGACATAGA-
AGAGCAGGAAACACTCTTG-G-3'00 antise—
nse primerd 5'—TTATCCTGTAG—-CCACCTT-—
TCCTGTATCTTC-3'00 bandd OOOOO 766
bpOO.

500200 ngd AT-2 0 OO OO OO RNAO 100
p 1O reaction buffer (50 mM KCI, 10 mM Tris—HCI
pH 8.3, 2.5 mM MgCl,, 0.25 mMO 00O dNTPO
0.01 mg/ml gelatin)@ OO OO 0.3 p g0 antise—
nse oligonucleotide primer, 0.2 y g sense oligo—
nucleotide primer, Tagq polymerase(2005 units,
Amplitag, Perkin—Elmer Cetus Corp., Norwalk CT)
0O O0O000. 0000 8000 500 ooo oo
OO0 1000 OO0 O 10 unitsO reverse trans—
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0 94000 1000 0OOOO OO a —MHCO ANF
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D500 OO0 94000 10,66000 20, 72000
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O00. 0000 agarose geld OO band OO0 O
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romO00 10 OO 0O0O0O0O 00000 OO0 00
00 OO0 OO Joklik’s minimum essential med—
iumO 0 30400 O000.00 100 OO collagen—
ase 0000 OO 0O0O0O0O OO0 05x 10° cells/
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mid collagen—coated T25 tissue culture flask(
platingd O penicillin(100 U/ml), streptomycin(100
u g/ml), 10% fetal calf serum, human insulin(10 p
g/ml), iron—free human transferrin(10 p g/ml), 1%
chick embryo extract, 10 nM dexamethasoned O
00 PC-1 00000 OOOOO OOOO 2030
00 ooooo.

RNA X 3! Northern Blot &4
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hate—buffered saline00 O0O0O0O0 300 OOO
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ium thiocyanate 2 mld OO polytronOO OOO0O
40 10,000 rpmO 0 500 0O0O0O0O O OOOO 1
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00 O00O0 000 0000 RNAO diethylpyr—
ocarbonate 000 OO OOO OO ethanol pre—
cipitation 0 260 nmO 0O spectrophotometerd O
oooo.

Northern OO0 OO 10 p gO total RNAO 20
000 glyoxall OO 56000 2000 denature
00 1.0% agarose geld 300 runningd O OO Ge—
nescreen(DuPont, Wilmington DE)J 1200 OO
transfer0 0 0. Probed random primer method(Pr—
omega, Madison WI)O Nick translation kit(Boer—
inger Mannheim, Indianapolis IN)OO 0000 00O
000 DO 203x 10° dpm/p g OO0 specific ac—
tivityd OOO. HybridizationD 65000 4x SSC,
2x Denhardt’s, 0.1% SDSC 100 u g/ml salmon sp—
erm DNA OO0 1200 OO0 OOOO washingd
65000 2x SSC, 0.1% Sbs O O0O0O 100 000
O0. OO intensifying screend OO cassette[
fimO OO0 OO -70000 OO0 O0OO O OOO
O0O. 000 blotO OO0 18s rRNA oligonuclectide
probe(6' —TCCATTATTCCTAGT-GCGGTAT—
CCAGGAGGATCGGGCCTGCTTT-3")0 OO No-—
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000 00 OO0 RNAD 0O OOoOOO oooo
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blotD reprobingd 0 Fig. 10 OO0 0O0O0O0O. O
000 00000 18srRNAD OO0 O O OO0O.

0000 OO0 OO0 OOoO0o ooooo ooo
00 OO0 p530 prRB, OO0 p530 descending
mediatord 000 p21, pRBO pocket domaind O
000 000 OO0 00OoO0oOo ooooo ooo
plo70 OO0 OO 0000 Fig 20 OOOOO.
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000 00 00000. p210 OO0 OO0 O OOOO
00 00 000 00000 Oob ooood. prRBO
0000 OO0 00 O 00 0oooooo oo ooo
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O Northern blotODOO OO bandDd OOOO 4.9
kb 000 (P119)0 O0OO0O0O OO0 OO00OOOO O
0 000 00 00 OO0 ooo 0o ooooo.
000 blotDOO OOO bandD OOOO 24 kb O
00@Ees8)d 49 kb OO0 UODOO OO OOOO
00 OO0 O 000 oooog. AT-1 0oooo
00 000 RNAD 0O 00000 Fig. 1000 O
0O 0000 oo0oorg. 20 0oo0).

000 00000 00000 OO0 ooo oo
0 0000 pTSC20 OO0 DNA OOO O0O0OO
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Fig. 1. Northern blot analysis of cardiac-specific gene
expression in different stages of cultured AT-1 car-
diomyocytes. Parallel blots with total RNA from AT-1
cells in different stages were examined. Total RNA was
isolated from 3 days (3d) culture, aofter appearance of
cluster of contracting cells (B) and after formation of
broad contiguous sheet of synchronously beating cell
(BS). In case of Gax, neonatal heart (6 days, NH6)
RNA was included as control. The radiolabeled cDNA
probes used for each blot were a MHC (panel A),
ANF (panel B) and Gax (panel C). Blots were also pr-
obed with a radiolabeled oligonucleotide complem-
entary to mouse 18s rRNA (panel D), to confirm the
integrity and quantity of the samples. The positions of
the 18s and 28s ribosomal RNA bands are indicated
on the right side.

00 mRAD500 OO0 OO 0000 Fig. 30 O
good. pTsCc2d 00O O- 00O 00O OO0
0 000 OO0 00 OO0 00000 Ooo ooo
00. mRAD500 OO0, Northern blotDOO OO
bandd O0O0O0 51 kb 0000 OO OO0 OO
000 0 00 000 000 00 0000 oooo
00000, oo0d 000 bandd OOOO 2.6 kb
000@50)0 OO0 OO0 OO0 OO0 OOoo oo
000dd oooooo Ooo0 oooo og ooo

- 18s

- 18s

—28s

- 28s

-18s

Fig. 2. Northern blot analysis of tumor suppressor gene
expression in different stages of cultured AT-1 cardio-
myocytes. Parallel blots were probed with the following
mouse cDNAsO p53 (panel A), p21 (panel B), pRB (pa-
nel C) and p107 (panel D). Blots were also probed with
a radiolabeled oligonucleotide complementary to mo-
use 18s rRNA, to confirm the integrity and quantity of
the samples (panel E).

0 0000000 0000 00 000 000 00
000. AT-1 00000 00 000 RNAD 00
00000 Fig. 1000 0O 0000 00000
(Fig. 30 0O0).
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1, AT-2)00 TAGOD 0000 OO0 p53, pl07,
p193 0 00O TAGD OOOOO OO0 p530 O
000000 epitoped OO0 OO0O000 OO0
0 180 kba OO0 O0O(mRAD50)I OOOOO.
Kim 00 AT-100 AT-2 000000 pRBO
TAGO D0OO0O0O OO0 Western blot 000 OO
00000 0000 000 000 00 00 000
OO0 OO0 hypophosphorylated formO O 0000
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Fig. 3. Northern blot analysis of pTSC2 and mRADS0
gene expression in different stages of cultured AT-1 ca-
rdiomyocytes. Parallel blots were probed with pTSC2
(panel A) and mRADS50 (panel B). Blots were also pr-
obed with a radiolabeled oligonucleotide complem-
entary fo mouse 18s rRNA, to confirm the integrity and
quantity of the samples (panel C).

000 0D0000. 00 TAGD 0000 OO pRB
0 p5300 OO0 000000 DODOO 000 O
0000 0000 000 000 o oo

p530 000 000 00 000 00000. 00
p530 000 00 000000 00 00 000 O
00000 OO0 00000 00 0000 000
Kim 00 000 0O000. 0 ps30 0DO0O0O O
0000 00000 (descending mediator)D OO0
p21™®0 OO0 OO0 0 000 0O0O p530 OO0
0 000 000 000. p210 p27, pl6, p15s0 O
O cyclin—dependent kinase inhibitor(CdKI)O OO
00 CdK OO0O0 OOOOO proliferating cell nu—
clear antigend OOO0O DNA OOO 0000 E2F
complexD] 0000 0OO0. 00O OO 00O
p210 000 p5s30 0000 OO0OO ooO™
p21 0 DNA 000 p530 00 OO0 000 OO0

616

00 OOO00O0 transforming growth factor 3 O O
0 000 000 0000 DO0000 00 0000
02 00 0DO0 p210 00000 p530 OO0
0 000 0000 000 00 0000 000 00
000 00.000 0 000 mRNADOD 000 O
00 000 p210 OO0 OO0 OO0 00000 O
00000000000 00000000D0OD
0.pRBO AT-1 00000 00000 00 000
000 0000 0000 OO0 000 00 0000
0.00 pRBO 000 0000 000000 000
0 00000 Kim 00 0000 0O0O0. pRBO
p530 00 00000 0000 0DO0O0 00 OO0
000000 ps30 p210 000000 00 000
000. pRBO TAGH 00 000 OO0OOO p53
00 00 TAGO 0000 OO0 00 000 p530
0 00 000 00 00 00D 0000. O pRBO
OO pocket domain familyD OO0 pl0o70 OO0
0 4.9 kb(p119)0 000 OO0 DOO0 OO OO
0 0O0OO0O. 00 alternative splicingd OO po—
cket domain BO 000 2.4 kb(p68)D OO OO0
00 00 OO0 0000 pl1o00 00000 OO0
0.pl1190 OO0OO OO0 0000 pRBO OO0 O
00 00O0.0 000 pRB OO0 OO0 mRNA O
000 00 000000 00 000 00000 O
000 plo70 mRNA 0000 OO0 00000 O
000 0oo0O0. 00 TAGD E1A OO 00O
0000 000 OO0 pocket domain BO OO0
p68] D00O0 OO0 000 0000 p11900 O
0 00D 000 000 0000.

000 000 0000 pTSC-20 OO O- OO
0 000 000 000 00 00000 00000
00 00O000.00 pTsSc-20 000 00000
00000 00000 0000 000 Kim 0200
0000 00 000. Kim 0?0 00000 000
000 00 0000 pTSCc-20 000 OO0 000
0 0000, pTSC-20 00000 00000 OO0
00 OO0 000 00000.0 0000 TAGO O
0O 0000 DO0O0OO0 D00 0000 D00
AT-1 0000000 000 00000 pTsc-2
0 000 000 00 pTSC-20 000 00000
00000 0000 000000 0000 000 O
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00d. 00 RAD500 00O homologuel MRAD50”
0 00000 OO0 000 bobo 00 pRBO pl19
0 00 000 0O0ooOO. 0o0 alternative spli—
cing 00O mRAD50 (5.1 kb)Ol OOO0OOO0O O
000 000 p50(26 kb)D 00000 OO0 OO0
0 0oo 00 0o Oobo ooboo obooo.
00 OO0 ObO0O0O 00 Oobooobo oo o ooo
00 0O0 000 0bU00o Oobb bobb boo O
godo. o 0O ooo oo oob oo ogo oo
000 OO0 0000 oo@o ooo) oo ooo
00 Oooo 0booo oo oobo ooob og. o
O cardiac myosin binding protein—cO0 0000 O
0000 000D OO0 OO0 (thick filament)d O
O(assembly) 000 00000 0oOO0OoOo0@®
cAMP—dependent protein kinasel calmodulin—
dependent protein kinaseD 00O OO0O0O0O 00O O
00 000 0000 000 0 00.22p50 000
00 molecular cloning O OO0O0O OOO O0OO
009 000 0000 00000 00 0 000 O
godo 0 0 0obdo 0Ob Oo0b oobo ob oo
00 000 O0bOoO ooobo oooodo oooo
00 0obo oooob goooo.

0 0ooo AT-1 00000 oooooo og
00 OO0 OO ANF probed OO Northern blot
Jodo oOoooobo bOobooo oobooo oo
ANFO 000 0000 0000 obo ood. o
00 OO0 000 oooono ooooo c—fosO
00 0000000 000 0000 ooooo®
O Mantymaa 00 000 00 000000 OO
00 O0O0ODO ODOOOO ANFO brain natriuretic
peptide(BNP)I 000 0000 OO OO0 BNP
0 0000 0obo gobdg ANFO D00 poo
000 O0O0O0O0. 00O McDonoughll Glembo—
tski’0 OO0 000 000 000000 0000
00 OO0 OO0O00 ANFO myosin light chain—
2 0000 OO0 ooog, 0o oooo oooo
nifedipine00 W70 0000 ANF OOOOO OO
0odo ooooo. o Ooboo ooo oooo ooo
00 ANFOODOO OO0 00bOo o ooboo
Ooodo oodgo. o booo boo AT-10000
0 TAGO 00O 0000 OO OO0bOoOo ooo o

00 00O 0Oo0ooOdobO 0O 0o O gobob booo
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0 00 ca* 00000 00 00 ANFOOO OO0
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Gax(] 00O OOOO0O OOOO OO homeobox
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wth factord] serum growth factord OO0O0O OO
000 Gax mRNA leveld OO0O0 OOOO0O0O0O
000 D000 OO OO0 ooodg. o0 Gaxd
00 000 000 DOooboo ooooo ooo o
00 00002, 000 0 0000 000 AT-1
go00oo0 Gaxd OO0O0O OOOO AT-1 00O
00000 Gaxd OO OO0 OOO0O O@O OO0
0)Oo OO0 000 AT-1 0000oo oo oo
0 000 00 000 Gaxd ODOO0O OO OO0
gooo.
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AT-1 00000 ANF promoterl] O0O0O0 Sv40
large T antigen OOOO00 OO0 DOOO tran—
sgenic mouse] 0O0O00O00O OO0 OO0 OO
0000, 000 O 4050 OO0 O0OOO OoOO
0 0000 000 000 100 0000 0o oo
00 00ooo0 0O oooo ooo ooo oo.o
00000 AT-1 00000 OO0 300, ooO
00 000 00 00 000 0ooo 3000 0
OO0 OO0 U000 OO0 0000 000 mRNA
0000 0oooo.

CE

000 AT-1 0000000 0O 0000 RNAO
0000 0000 OO0 0000 cDNA probed RT—
PCRO OO OOOOOO OO 0OOOO Northern
blot 000 OO0OOO.

4 1
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homeobox 0000 Gaxd AT-1 0OO0O0O00OO
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00000, 0000 0oOO00 oooooo ps3d
00 000 00 000 oooooo 0o oooo
00 p530 U0 OO0 00000 OO0 oOoOooo o
00 p210 OO0 OO0 OO0 0000 p530 00O
OO0 OO0 0O0OO0. 00 ps300 ooooo ooo
00 000 pRBO OO0OO OO0 0OOO OOO.
PpRBO pocket domaind OOOO OO0 p1070 O
0 0 000000 OO0 alternative splicingD OO
plo70 OO0OOODO OOOO OO0 p68 (2.4 kb)
0 0000 OO0oo. 000 ooo oooo oo
0 0O00- 000 000 0000 Oooo0 OO o
0O 000 O0O0O0O0O OO oDoOooOo.ooo DNA
000 000000 RAD500 OO homologuel
mRAD500 0000 0000 plo70 OO0 OOO
g0o0. OO alternative splicingd OO mRAD500
0000000 0000 000 p50 (2.6 kbyd OO0
0000 O00O000D 00 0o oo ooooo.
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0000 0000 ooo ooooo.
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