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Abstract : Regucalcin (SMP30) has been proposed to be involved in the maintenance of calcium homeostasis.
Although the expression of regucalcin was regulated in the liver and kidney during the embryogenesis and matura-
tion of these tissues, the roles of regucalcin were not defined yet in heart. This study focused on the investigation of
the differential expression changes in regucalcin and its function in hypoxic cardiomyocytes. The expression level
ofregucalcin was the highest in 7 days after neonatal stage of rat heart. In hypoxic condition, reactive oxygen species
(ROS) production and calcium level were decreased in regucalcin-overexpressed cardiomyocytes about 60% com-
pared to normal cells. Regucalcin-transfected cells were slowly induced cell death in H,O, treated condition and not
reduced proliferation in hypoxic condition. In proliferation-related signals, PKC-MEK1/2-ERK1/2 activation of
regucalcin-overexpressed cells was recovered in hypoxia, compared to hypoxic cardiomyocytes, and expression of
proto-oncogene was only affected c-myc by regucalcin. Transfected cardiomyocytes demonstrated that apoptotic
signal was hampered in regucalcin-regulated manner. In conclusion, these data suggest that regucalcin may regulate
proliferation and cell death in cardiomyocytes via calcium homeostasis.
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¥}
AE U [Ca™] 9 F7HlM AEAES Ca¥Mg" &
# endonuclease S AF3taL Ca’’/CaM &4 842 &
e ZEs opldY. FZdE, Y] regucalcin
(SMP30, senescence marker protein-30)**S W&sh=
Hep G2 AIXZE AFE3IY regucalcin ©] AlxZehg 353}
£ C §2S A3tste] AEL T ATP o 23] oF7]
He= ME Y C >SS gAste Zlo] RaEHgen,
oA MAEAPEE A 5= regucalcin ©] F3 IS
Tt AS Xﬂ "J’SJE}.Q

H|E regucalcin ] & o] 7t} 4l7de] <3} wjoly
48] 717kl A - =, 53] 73 A% 9Hde] AEe
7} wlolZREANA AE W Ca®
e deA o™l 4l regucalcin o 9%
< o} FelEx it B = A dF W
slol] w2 A7) A regucalcin 9 HLL HW3le} Ak A
Bjoll A regucalcin o & 1FE37] flste] AA|E AT

e

2 YE &
21 48 M= & 7171
Aol ARg-H 21at3L-ERK, 914t8}-Akt 2 ¢14F3-MEK

o] th8k &A= New England Biolabs (UK) 94 433

3 MEK1/2, PKC % Ras ¢+ 3= Santa Cruz

Biotechnology (USA) % chemical international (USA)°IA
TAATE Al Zej iR (DMEM, Dulbeco's Modified

Eagle's Medium)®} 4 Ejo}8 32 Gibco Life technologies

(USAPIIA FA3HATE M ES2] 24 Al Z~H (premix-WST-

1 cell proliferation assay kit)> Takara Shzo Co. A|&F< A}
4319991, Enhenced-chemiluminiscence (ECL) western

blottmg kit = Amersham (USA)OIA 3R, SHALE

4~ (Reverse Transcription System)2 Promega Co. (USA)

ANA Akt

22 WA AN MMz 22|} et
139 8 WAe 4ge weste] PBSI Hol left

H_]IJ
ventricle¥t #2] ¢t T2, micro dissecting scissorE A&-3l|
Imm’ A= 2 w7px] &2} Aok 5mlel collagenase
I (0.8 mg/ml, 262 units/mg, Gibco BRL, USA)E
37°C, 5% CO°l 537F w3t $-, collagenase 11 -1
S AAATE AMZE collagenase 11 5 mlS

A7Vt s
ZH B e o, A FEO Aes #7132 Al

=
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% HHZ](IO% FBS contained a-MEM, Gibco BRL)S
7hek $, 4 #7F 1200 rpmoll A A4 83T 5 mlg
HiQF wiAlel AlE JH=S TA] FFEE ok, 230l A
o] &4 &5 wi7hA 799 wHEsto], @l Axg Eg

| FES ikl FEol BT 100 mm 27 v A
Alell AEE 1347 B wjFate] Afrobl 25 3ol

2 3 the, BA &2 A ETS Ro} 5x10° cells/ml
o FEE HEst wistnt. 4-6 A7ke] A3k &

Aek wix 2 ZolE ThE, 0.1 mM ©] BrdUE 37}eted] é.*
frotMlze] S AAAITIHA vl et

23 M=Z L] dME &Y MaBol &

W Al AZAHEE 2',7'-dichlorodihydrofluorescein
diacetate (H,DCFDA; Molecular probe, USA)E ¥ A 3}
=4, °] w 3¢ H,DCFDA (10 uM)E AlE Y2 &
o]7}A esterase ol €3] H,DCFDAS] acetate group
sgl=®A ¥] 34 2',7'-dichlorodihydrofluorescein
(DCFA)®] Uil 235t 84 2kago] st o]oj]
= Aoz F34hEQl DCF7F A=A o] |
A= 480 nmolA AFaPE AbshE o] Ak
535 nmol A e s on A B AZAZA A
3t Gl B FEAE S8 S HA

of

o]

c

24 MZME LY Ca™ S8
o @E =24

AZA R 2 Fx9 =4
o7 FPEAT A WA o] AZAEE laminin (5 g/
em?) o2 FYHE fg 2A 99 0.1 mM
5 Al ZujduiA] (10% FBSE i3l 91% o-MEM,
Gibco BRL) 9lA 315 &< vlgslal
2 HYH Tyrode's Yoz H]XJ.O}?'S\T‘EHI, o] gd
0.265 g/l CaCl,, 0.214 g/l MgCl,, 0.2 g/l KCI, 8.0 g/l
NaCl, 1g/1 glucose, 0.05g/1 NaH,PO,, Z&]Z 1.0 g/l
NaHCO;2 745 o] Attt HEE Tyrode's €473l fluo-
49] acetoxymethyl ester (Fluo-4 AM, Molecular Probes,
USA) 2 uM & H7tste] A, 2dLollA] 204 &<t vl
Atk G olmAlE ok=Z2 HolA FAdxRF AnA
(Carl Zeiss Inc., Germany)2 %3l 9lth. Fluorochrome
o argon laser®] 488 nmolA A== LAY E= L 510-

- RN u

560nm °] w F3} dHE Tl RopHlon AE W f

218t Confocal Microscopy
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2.5 Immunoblot 24

FE3 AFEES 98920 mM Tris-HCI; pH7.4,
150 mM NaCl, 1 mM EDTA pHS8.0, 1 mM EGTA;
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pHS8.0, 1% I mM Na3;VO,;, 1 mM f-
glycerphosphate, 2.5 mM sodium pyrophosphate, 1 pg/ml
leupeptin)©. &2 A ZE 832t} 16000 g oA 15 #7F <
A8 st} A& AJFde BCA v B4 S8 ALE
sto] AaFsllom s protein U 12% SDS-
polyacrylamide gel “Jellx 7|9 % sttt 7195 &
polyvinyldifluoride (PVDF) o] 2H& &3] )5 ¢
£ (20 uM Tis, 190mM Glycine, 20% Methanol)S+ell A

5, AAZAANAT A7lolF H T 5% 2] skim milkE
X%3t TBS-t (20 mM Tris, 137 mM NaCl, 0.1%
Tween 20 pH 7.6) $5-&d 3} vEgAIZ] & E7]-3-Q14k
3} ERK 3|, E7]-3-211k8 INK |, E7]-3-21418}
MEK1/2 @A §22 1-16 A7k vhgAHth 2 o
horseradish peroxidase 7} F-2F¢ HA-g-E7] |9} A2
old 1 AIZF FF RESAIFT. T % enhanced
chemiluminescence (ECL) W92 MAPKe| Td 3} A4t
st A s AT
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FEFAAC c-fos, c-myc, elk-1 & TH HEE EA
sl7] flsted GHAF SR EAAM NS (reverse transcription
polymerase chain reaction, RT-PCR) < A A]&}it}, Z A
RNA+ Ultraspec-1I™ RNA system (Biotex Laboratories
Inc., USA) & o]&sto] &2 st3iem, AMV SHHA &
AF ARgste] EE® da RNA EREH ddriee]
cDNAE Adatslnh. 1 pgel ] RNA © 1X 9xAF ¢+
ZEN(10 mM Tris-HCI; pH9.0, 50 mM KCI, 0.1%
Triton X-100), 1 mM deoxynucleoside triphosphates
(dNTPs), 0.5 units®] RNase #1#], 0.5mg2] oligo(dT),
15 units®] FHAF A5 BT Hrbete 42°Col|lA 15 &
ZF WS A AT It 99°CollA 5 B 98 vhs &
0-5°CollA 5 w7+ A8t THELAH - 2479
primer & AR8-3Fe] 35 cycle WHE3le] e = Quc). 7}t
9] primere W3 2T} cfos 5-ACCATGATGTTCTC
GGGTTTCAA-3', 5'-CTCTGTAATGCACCAGCTCAG
TCA-3', c-myc 5-GAAG TGACCGACTGTTCTATGACT-
3', 5'-CGCAACCAGTCAAGTTCTCAAGTT-3', elk-1 5'-
TACATCGTAGCGAATCAATCAATCCGTG-3', 5'-
TGGTGGTGGTAGTAT AGTCATGGCTT-3'

2.7 pcDNA3.1-Regucalcin E2}ADE M= L M=
W =

ZIAE 9F WE]Q] pcDNA3.1 (Invitrogen, Netherlands)
o] #9 regucalcin FAAE S2Y 3 ohs, AZAHEZRS
FAH3e LIPOFECTAMINE PLUS™ £ (Gibco

[SRE=A0 WAy i W &

BRL)S AR&-8te] Fa8lATh. 2, 60 mm YAl A w)
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U AA WA ] AlZAHE(5x10° cells/plate)y= o] ¢l
= DMEM o2 % ¥ AH&9ct LIPOFECTAMINE
PLUS™ -&91.2 &3o| gl DMEMCE 34 &}a 7} ujk
Aol 5ug DNA 9} £33t} DNA €} LIPOFECTAMINE
PLUS™ reagent &= A7} U= 41443 vl =<} 34 )
FgAel 7R 37°Ce] CO, wig7Iel 3 A7k wiek &
HiA & 10% FBS7} £0131E DMEMSZ w83l A
X 37°CelA 48 AIZF O wgEi)

28 Mita M2l Y ME YES 24

wle Aol A7} 80-90% A WYL H, 37°C
7]l 1 AIZE SQF MR & AR o' 24
AlZE vl eFsEATE. ks 29 w2 37°CE FAIE AL
ALEHOZ 10% CO,, 5% H,, 85% N9 EF7|A7F &
HE+= airtight humidified chamber (Anaerobic
Environment, ThermoForma, USA) o4 o]Fo{x=d], o]
W WA= 1% FBS Wo] Eo Sl wiAE AHE-8ith
HzT9 Aee 8 dds HsiA] B e elA
FAsH AL 2o wigstdTh A xS AEEE
MTT &4 © oja] 43}t 3-4,5-dimethylthiazol-2-yl-
2,5-diphenyl tetrazolium bromide (MTT)(5 mg/ml)S PBS
of §alAIAT MEE 24 AZF 2L 4-well FAJol vl S
5 Axta gzl KR Ak wjgrIoA vl
A 6 AlZE, 24 A7E3E 48 AZE Fol| wigE wiAIE Al
Ag F 0.5mle] MTT €& H7tetdh 2 5 wjdg
715 B wg71o0A wlkekith 3 AIZE Foll MTT &
oS A8} MTT/formazan & &8141717] S8l
9] dimethylsulfoxise (DMSO) & F&3t}. &
ARE-sle] T Zk(blank)yS 570 nmoll A 2] 38HA WLE
3 SAYT. MTTe Aolde Ao s A4
formazan S8 THALE|QL7] wjiol] obf AE|e =HA] o
2745 Alxel wlaste] 570 nmolld S8 FF=7F 7
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2.9 Caspase-3 Assay

AZAEZANA caspase-3 ¢ E/3> DEVD-pNA ©] 7}¢
T3l 2]gk chromopore 1 pnitroanilide (pNA) ¢ ¥=&
S A5k Wel 93] Apoalert™ CPP32/caspase-3
assay kit (BD Science, USA) & ©]&3}o] 43 =74
3tAth 1x10° A EE 60 mm jF HAol 24 A7+ w) %
&, pcDNA3.I-regucalcin & =Y+ T3 ik wld7]
oA 24 AI7F viSFSIATE AEE BOoT A7k HE &
3 gAlow wEA HojFE FH 10 & T 2ol A
A 71E

oy
a

=]
A

st Al el o] g3t FHakaL 4
THE Al FEO &AFAG. @A FE= Bradford
assay (Bio-Rad, USA)dl <3l AAITE 10 mM
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Figure 1. Expression of regucalcin in rat hearts. Expression levels
of regucalcin in rat heart with days after birth were determined by
immunoblot with anti-regucalcin antibody and relative amounts
were estimated using densitometry (*p< 0.01 compared with 1

day).

dithiothreitol (DTT) & ¥3sh= 2 Hje] Whe Skl
50 s #Hrkekal 7k FEvitk 4 mMe DEVD-pNAES
Su oy 37°C oA 1 AIZE E<F v STt Caspase-
39] &AL 405 nmolA] microtiter plate readerS AF-&3}
o 243}9o 7|F A (standard curve)S standard
CPP32E chromogenic substrate & ©]-8-3}d 213t}
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Immunoblot &A% AL FHELAH TS E4 A=
5o B3y IFELS one-way ANOVA (Analysis of
Variance)®] Bonferroni’s test & HAISFA T BAH <
4L p<0.05 ¢} p<0.01 ol 2
3. &4zt & nEF
3.1 MM MEOM Regucalcine| 3
WA o] S Ao wE E
Q13}7]

regucalcin 2]

regucalcin 2]
9ate], Ao wE HAZs WAl o)A
2 AEE WRA Sk WA 4%
oA regucalcin & W3- Fig 1914 B ule} 7o) 2
A AN TEE S A7t EU1gH wek Fr1siert

7 dAjel] Hd TGS eI I Al g
AR AR e 10 B AR B FEIUT. 2
I 14 AR fARE B A= Holtpt Wz 7

Al &

23te] 84 AR AsTAe] A= EAge] 7 IA
of wla] Awt otz TS ERIEITE  o]=M
regucalcin ©] AATANMFEE st S-S Hole ©
AR #=A dd=y =3ld A2 oA HAp 74

Frhs A @ 4 ATk

3.2 MAAT MZMEOAM M AT MMIL Ca™
8HAM0f| O|X|l= Regucalcin®| 6E

A7 ] AFEL regucalcin®] TNF-a2} actinomycin
D (Act-D)°ll ©Ja] fr=¥ APEEFE Hep G2 XS
HEghe AMdS HoFm e o]gd E3k= calmodulin

=)

Fluorescence increase (%)

y + o+
- - +

Hypoxia
Regucalcin

Figure 2. Effect of regucalcin on ROS production and Ca**homeostasis in hypoxic cardiomyocytes. Regucalcin-transfected or nontrans-
fected cardiomyocytes (1x10* cells per well) were incubated at hypoxic conditions for 24 hr. (A) Cells were further treated with
H,DCFDA (5 M) for 10 min and the oxidized dye, DCF, was measured using a luminescence spectrophotometer. Data denote the
means£S.E. of 2-3 replicate measurements in three different cell cultures. (B) Confocal fluorescent image of neonatal rat cardiomyo-
cytes was obtained loading with Fluo-4 AM. Mean increases of the normalized fluorescent level (expressed as: % of increase £S.E.M.)
in individual cell (n = 8) observed in the each condition (*p< 0.01 compared with hypoxia only).
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A2k

(CaM) =} AFE o] Jotr B3 Th E3F regucalcin ©]
WA ATAEL] AFA oA Ca’ HE YA Ca’-
ATPaseZ &/43t A2 F l&o] BAHALT o) 4
22 oA AEEARl d8E e AS AT
t}. o]gi3t HUE ulgo g waje] Aol Zrte w2
regucalcin®] ST AR A A - m

A FEFSE GRlatr] flstod, WA A AZAEE v‘:}
23k 13 4 # A9 4SS collagenase 11 &4

o] g3l 0.1mM ¢ BrdU & 718t 4 °<>Mli°] A
e AAATIEAN AZAE 2 v, 3 Yol A
v F HAIdol A beating & #HET 4 Qo 1 F=
A /‘415594 beatingol HEE A edof o] Fo] HY o
T 37w AEE ARS-SIITE
""14 *‘:LHPE Ak 2702 AEe ),
regucalcin 9] F&FS FQlgk A3} Fig 2404, AZAE

s H -

& Ak 27N 24 A7 B AP o, B4 A
2Zo] ARL ok 4 8] A% Z71IA0 U, regucalcin ©]
e eyt ¢tk 28y regucalein & FEE & 4
U HEHE A2A X =Ye &, AME 20E FY
A 24 A7 AYIL ), %}*é AT Aol
regucalcin FAAE E=deA 2 7ol vlsl 60% 3

T @AM Z4askdTh Fig 2BAlA & 5= gl%o], AlE

W 2E PR BSE FA P Uehien. @
v7 AR Be Mo etk B4 Fol Ak
202 AR W, 24 e AXRT T o F

\__

7b roEA IS AE7E HE RIS regucalein
S HLE s fHE =Y —?— Aaka 2708 A
ot 9o Zge] Fol AAA AaE Aa P
Al a7 S Flsdt

3.3 MAE 2fsl X=E A
8l Regucalcin?| 238t

A W AS 2 AP 71-e Bt 84 AbaFe
gt T2 H0, & TSt T2 A3 9ol Aste] 4
ZAE APES FE3 ZANA, regucalcin ©] 4 AbA
Fo2 g MEAPH ofE JEE 7EA=A] regucalcin

=M= Atoil i

ul

=
=

S FAHAAA 5T H0, 0 AAFE 1 mM 7}
A s=HE AL ul, 400 uM BE=7HA 2] H,0, A E
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Figure 3. Effect of regucalcin on ROS-stimulated cell death of
cardiomyocytes. The cells with or without regucalcin (5x10*
cells per well) were stimulated with various concentrations of
H,0, for 48 hr. WST-1 reagent was added to each well and incu-
bated for 3 hr at 37°C. Cell proliferation was measured by spec-
trophotometry (A = 440 nm).

e o2 84 AAaF F, H0,2 F3E MEANE 7]
S AT & & AATH 600 uM )] FRoA T
e w95 A HEs} WA F7ke)E SlA,
Aol AZAZRT APE A7t A HAashs g9l
skt
3.4 MMAZ MZMZOAM Regucalcin®| A0 O|X]
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Figure 4. Proliferative effect of regucalcin in hypoxic cardiomyo-
cytes. Regucalcin-transfected or nontransfected cardiomyocytes
(5x10" cells per well) were incubated at hypoxic conditions for
24 hr. WST-1 reagent was added to each well and incubated for 3
hr at 37°C. Cell proliferation was measured by spectrophotome-
try (A =440 nm) (**p <0.05).



regucalcin 3 2Fe] =93} Aglo]l A4k A eloA
olF-d WslE Holx] tt}. o] regucalcin®] A3

Arka 2702 AHEs J2MENA regucalcin 9] AY Aoka 270004 wle M EAA regucalcin ©] A3
Sol| mXE FEFE FAFAY. AZHEE AiAh 24 Sol #HEE A& ADAE(PKC, ERK1/2, MEK1/2, Ras)
o7 AYRE W, 859 Ares FF 2doAA MiFd B AFF FAAE (emye, elk-1, cfos)oll VA= YIS
A HIE 60% ool A5aE YEhithFig 7 1Y B4 GAA SHELAMNS B WS
4). Regucalcin & 48 =g A5 =T A4 Bl AR AE WollA ofd As AdAA7E #E
2o Agle Adta 24E A o, Al A5 o] JeAE AT Fig 5AdM & 5 e, A4t
o] IA HetEo] B 7oA ket A2AEe} & A & 27O Z 8| PKC, ERK1/2, MEK1/2 ] 14tst 4
ol YERNA stom, 1 A MEL 15% A% £ B IA Ao, regucalein & =% AlEAA =
o] ATt Az 7] Agelle AdzdolM wjFet A2Al 2

AMop 22 QAikst A=g eERARIEE Wl Ras T
[e)
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Figure 5. Effect of regucalcin on the proliferation-related signals in hypoxic cardiomyocytes. Regucalcin-transfected or nontransfected
cardiomyocytes (1x10° at 60 mm plates) were incubated at hypoxic conditions for 24 hr. (A) phosphorylation of MEK 1/2, ERK1/2,
PKC and Ras were detected by immunoblot with antiphospho-antibodies. Data are representative examples of four independent experi-
ments. (B) The expression of protoonco-genes was analyzed by RT-PCR amplification. Amplification products were separated by agar-
ose gel electrophoresis and visualized by ethidium bromide staining (*p< 0.005, compared with hypoxia only).
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W AE A AANAM Ras B A=k FAsH,
PKC-MEK1/2-ERK 12 A2 ¥ v|x= AL onjght, &
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Figure 6. Effects of regucalcin on the apoptosis-related signals in hypoxic cardiomyocytes. (A) Caspase-3 activity was measured using
ApoAlert caspase-3 assay kit according to the manufacturer's instructions. (B) Immunoblot analysis was performed with antiphospho-
antibodies. Data are representative examples of four independent experiments (*p< 0.05, compared with hypoxia only).
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