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ABSTRACT

AIM: To explote the role of cytosolic free calcium
("Ca** ],) in apoptosis induced hy coxsackievirus B
(CVB; ) in cultured cardiomyocytes of rats.
METHODS; Primary cultured carliomvocyte was
prepared from Wistar rats ages 2—3 d.  The apoptosis
in cardiomyocyie was determined by terminated deoxy-
nucleotide transferase directed d-UTP nick and end
labeling { TUNEL) method. and the apoptosis was
observed under a tramsmission electron microscope.
[Ca®* ], in single cardiomyocyte loaded with Fluo 3-
AM  was measured by confocal microsorope.
RESULTS: (1) The concentration of CVB; in the
mediun reached the peak at 24 h after CVB, infection.
(2} The apoptotic cells were not found in CVBy-
infected cardiomyocyte in fiest 10 h, but armounted to
5% at17h, 60 % at 24 h, and 90 % at 36 h. (3)
The peak value of [Ca®* ], elevation reached at 17 h
after CVB, infection ( P < 0.01). (4} The charac-
teristics of apoptosis was also seen by transmission
electron microscope. CONCLUSION: CVE., induced
the apoptosis in cultured cardiomyocyte, and [Ca®* ],
mobilization was mvolved in the signal transduction
process in apoptosis cells, and played an important role
especially in the early stage of apoptosis induced by
CVB,.
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INTRODUCTION

Coxsackievirus By { CVB; ), which belongs to
small RNA virus and myocardiotropic virus, is an
important  factor in the pathogenesis of viral
myocarditis, CVBy can directly cause myocardiumn
damages resulting in cardiomyocyte death, also CVB;
can activate specific cytotoxic T-cell (CTL) leading to
the cardiomyocyte damage in resident by the existence
in major histocompatibility complex (MHC).  Recent
study revealed that the apoptosis mechanism may be
involved in the pathogenetic process of myocarditis-*’
although the myocarditis by CVB; was mainly charac-
terized by necrosis, and virus RNA was found con-
timwously in cardiomyocyte atter acute phase of
myoca:ﬂitisw“. Ca’* . an important second messen-
ger. was involved in the regulation and metabolism in
cytoplasm, gene transcription and expression, cell
differentiation and reproduction, and also apoptosis.
The present experiment attempted to demonstrate the
apoptosis by CVB;. and the role of cytosolic-free
calcin during the apoptosis.

MATERIALS AND METHODS

Agents TUNEL testing box for apoptosis was
purchased from Oncon Co. Flue 3-aceoxymethyl
{ AM} ester { Molecular Probes Fugene OR, USA) was
dissolved in Me=SO 1 g-L~ ' and stored at —20 C in
dark. Pluronic F-127 and HEPES were from Sigma.

Virus titration'”  According to Reed-Muench
method, 50 % of tssue cuoltured infective dose
(TCID5,. the number of TCIDs, per 0.1 ml ) was
determined in Hela cell at 0, 0, 17. 24, and 36 h
after CVB, treated.

Preparation of cultured cardiomyocyte
The hearts were taken from 2 — 3 d Wistar rats provided
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by Experimental Anmimal Cenlgr of Harbin Medical
University ( Grade [, Certificaie Mo 0921) and cut
into pieces of about 1 mm® which were digested into
cell suspension by 0.2 % collagenase. The single
cardiomyocytes were got from centrifugation of cell
suspension and resuspended with RPMI-1640 containing
20 % fetal calf serum (RCS}. Cardiomyocytes were
accounted for about 90 % after repeated purification.
The cell suspension was adjusted into 5 x 10°-L~! and
plated on 25 mm round coverslip on the bottom of 6-
well multidish for 48 h in CQ. incubator, and then the
cells were divided into normal group with RPMI-16440)
containing 5 % FCS and CVB,; infected group with
RPML-1640 + 5 % FCS containing 10° TCID,, CVB,
for 1.5 h. Both preparations were ready for apoplosis
investigation and Fluo 3-AM loading.

Determination of apoptosis Cardiomyocyte
apoptosis was investigated with TUNEL method> at 0,
10, 17, 24, and 3b h for the percentage of apoptosis
cells.  Afler that, the cardiomyocytes were slained by
hematoxylin for the observation with light microscope.

Fluo 3-AM loading Cultwred single cardio-
myocyte lined on coverslip were washed twice with
calcium-free FBS, and loaded in Fluo 3-AM 4 amol-
L~ working solulion containing 0.03 % F-127 at
37 C for 4 min, and washing again with PBS
containing CaCl, 1.5 mmol - L™' to remove the
extracellular Fluo 3-AM.  This preparalion was ready
for the meusurement of | Ca** ],.

Measurement of [Ca®* |; The coverslip-lined
cultured cardiomyocyles loaded with Fluo 3-AM were
mounted in the Auttofloul” c¢ell chamber { Molecular
Probes) with 0 ul RPMI-1640 + 5 % FCS without
phenolsulfonphthalein.  The fluorescent intensity was
delected by confocal microscope ( Insight Plus-IQ,
Meridian, MI, USA} with 10 x objective and 488 nm
blue laser for excitalion and 53() nm for emission at
room lemperature. The fluorescent images of [Ca®* 7,
were collecred at 0, 10, 17, and 24 h in both groups,
and the [Ca®* |, concentration change was represented
by fluorescent intensity .

Preparation for transmission electron
microscopy The cultured cardiomyocyies were
digested by trypsin and collected inlo Eppendorff tube
after washing. It was fixed by 2.5 % glutaraldehyde
at 0~ 4 T and washed by PBS 0.1 mol-L~", fixed by
osmic acid. washed by distilled water, and dehydrated

by dimethylketone. After embedding with paraffin.
the sample was cut into ulirathin sections (60 nm} for
observation.

Statistic analysis = Data were expressed as
x = & and evaluated by t-test,

RESULTS
TCIDyy There was no CVB, infection in control
group. At 24 h after CVB, infeclion, TCIDy, reached

the maximum (Tab 1}.

Tab 1. Apoptosis by TUNEL and [ Ca®* ]; mobilization
by CVB; in cultured cardiomyocytes [z = 13 — 19 from 8

rats), and TCIDy, in Hela cells. [ Ca’* ]; was
represented by fluorescent intensity (FI}. %+ s.
P 50,05, P<0.01 vs0 h.
Timerh (Ca* ]'A Apolotic .y
Control CVB; treated  cella’ % ’
0 Y7+ 59 960d + 46 1) 4]
10 81+ 35° 1061 + 214° L .5
17 1008 £ 427 2262 + 332° 5.4 2.0
24 O8h + 723 1386 £ 472 ol 0} 4,77
56 R 4 73

Cardiomyocyte apoptosis  After hematoxylin
stain, the color of nommal cardiimyocytes showed a
light blue ( TUNEL negative } and apoptosis cells
{ TUNEL positive) were light brown under the light
microscope (Fig 1).

No apoptosis cells were found in control group.
In CVB, treated group. apoptosis cells were observed at
17 h after CVBy infection, and reached the peak at 36 h
(Tab 1}.

[Ca®* ]; mobilization The fluorescent intensity
(FI) of [Ca®* ], showed no significant change within
In CVB;-treated group, the FI
value of [Ca"" |, was markedly increased ( P < 0.1}
and reached the peak (2262 + 382, P < 0.01) from
resting level (NQ£26} at 17 h after CVB; treatment.
Even after 24 h, the FI value of [ Ca’* ], was sull
maintained at a higher level than that in control group
(P<0.05). (Tab1, Fig2)

Morphologic changes  With revened light
microscope. the nomal cardiomyocytes were lined on
coverslip with spindle or elliplic shape and had rno

24 h in control group.
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Fig 1.

Cultured cardiomyocytes.
stain, x132. A) Normml. B) treated with CVE; at
36 h.

Hematoxylin

obvious morphologic change within 17 h after CVB,
infection, some cardiomyocyte changed into a round
shape with higher refractivity and lost the connection
with summounding cells at 24 h, bue still lined on
coverslip.  Up to 36 h after infection, the round
cardiomyocyte suspended from coverslip and decreased
in size.

With transmission electron microscope, the
cardivmyocytes showed the characterized apoptosis, for
example. the agglutination of chromatic border.
cyloplasmic shrinkage. the reduction of nuclear size,
mitochendria crista clear. and cell membrane integrity
at 22 and 36h in CVBs-treated group. These

Fig 2. {Ca’* ], mobilization in cultured cardiomyo-
cytes before (A) and after (B) teatment with CVE;
at 17 h.

morphologic  changes were different from those in
cytolysis of cultured cardiomyocytes which showed cell
swelling with  different  sizes, vacuolar
degeneration, muclear swelling, and fragmentation of

nuclear membrane. (Fig 3}

Even

DISCUSSION

Gene products from some RNA  viruses, for
example, the E;A protein of adenovirus'™*) and gp''
of HIV-#*! | could induce the apoptosis of target cell.
CVB; is a small RNA virus which usually caused the
and necrosis ). In our experiments,
however, beside the cywolysis of myocardium in
myocarditis of Balb/c model mice by CVB;, the
characteristic  apoptosis were revealed by
morphological  observation.  In  cultured cardio-
myocyte., CVB; also induced significant apoptosis
without cytolytic change determined by TUNEL

cytolysis

cells
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Fig 3. Transmission electronic microscope observation.
A} Control { x12000);: B} apoptosis { = 15 000); C}
cytolysis [ = 3000} in cultured cardiomyocyte induced by
CVB;. a: agglutdnaton of chromatic border, I:
lysosome increase, m: vacuolar degeneration of mito-
chondria, n: nuclear swelling, s; cytoplasmic
shrinkage, 1 : fragmentation of nuclear membrane.

method, suggesting that DNA fragmentation in
apoptosis cardiomyocyte was prior to the necrosis
characterized as ccll membrane fragmentation resulting
in cell organ swelling. In addition, because the CVB,
RNA duplications were carried out in the smooth
surfaced endoplasmic reticulium of cytoplasm, 3'-OH
occuwrred during this process could not influence the
measurement of 3'-OH due to DNA fragmentation in
nucleus, and temminated deoxynucleotide transferase
{TDT) was a DNA-dependent, the apoptosts revealed
by TUENL was a reliable data to support the
morphological change of apoptosis observed by
transmission electron microscope.

The results with confocal microscope showed that
[Ca?* ], was mobilized and the time to peak of [Ca®* ],
mobilization was significant earlier than that of the
apoptosis induced by CVB; and maintained at higher
level during apoptosis process, suggesting that [ Ca™* ],
was involved in the process of CVB;-induced apopiosis
in cultured cardiomyocyte. the increased Ca’* in
cytoplasm could elevated Ca** in nucleus leading to the
activation and expression of some promoter genes
involved in apoptosis, such as c-mwe which was over-
expressed in cultured cardiomyocyte by CVB;, and the
inhibition of the expression of survival genes, such as
Bci-2 gene' P, thus the activation of irreversible
death process, for instance, the activation of
endogenous nucleic endonuclease and glutaminase which
can result in cell phenotypic change and cell death.

In summary. our results demonstrated that CVB,
induced apoptosis in rat cultured cardiomyocyte. and
Ca’* was involved and played an important role in the
early event of apoptosis.

REFERENCES

1 Kawano H. Ckada R. Kawano Y, Sveyoshi N, Shirai T.
Apoptosis in acute and chronic myocarditis.
Jpn Heart J 1994+ 35: 745 - 3.

2 (ian 81, Zeng XH, Yu WH.
Relationship between occurrence and development of wviral
myocarditis and apoptosis in mice.
Chin J Endemiol 1997; 4, 23 -7.

3  Archard IC. Bowles NE. Cunningham L, Frecke CA.
Olsen EG, Rose ML, er al.
Molecular probes for detection of persising enterovirus
infection of humon heart and their proghostic value.
Eur Heart J 19917 12 Suppl D; 56-9.


http://www.cqvip.com

116-21

IS8 02529756 Acta Pharmacol Sin - P B#H #1990 May; 20 15)

E-mail aps@server. shene. ac on

Phn/Fax 56-21-6474-2620 < 199 -

4 Huang ZX, editor. Medical virology basis; fundamental
techniques and methods.

Beijing: Science Press; 1990. p 142 - 8.

5 Gawnieli Y, Sherman Y, Ben-Sasson SA.

Identification of programmed cell death i situ via specific
labeling of nuclear DNA fragimentation
J Cell Biol 1992; 114, 183 - 501.

o Rao L. Debbas M, Sabbatini P, Hockenbery D, Korsmeyer
5. White E.

The adenovirus E;A proteins indnced apoptosis, which is
inhibited by the B 19-kDa and Bri-2 proteins,
Proc Natl Acad Sci USA 1992; 8§9. 7742 - 6.

7 Debbas M. White E.  Wide type p53 mediates apoptosis by
E/A, which is inhibited by E/B.

Genes Dev 1993; 7. 546 - 54.

8 Terai C, Kombluth RS, Pauza CD. Richman DD. Carson
DA. Apoptosis a5 a mechanism of cell death i culored T
Iymphoblasts. acutely infected with HIV-1,

J Clin Invest 1991 87; 1710-5.

% Motebom MH. Todd D. Vemschueren CA., de Gauw HW,

Curran WL, Veldkamp S, ef of.
A single chiken anemia virus protein mduces apoptosis.
J Virol 1994; 68, 34— 351.

10 Yang YZ, Dyke IW. Coxsackie B, virus infection in rat
beating heart cell culture.
J Viro] Methods 1985; 12: 217 - 24,

11 Cleveland JL. Inle JN. Contenders in Fasl/TNF death
signaling.  Cell 1995; 81 479 -82.

12 Hale AJ. Smith CA. Swutherland LC, Stomeman VEA.
Longthome VL, Cluhane AC, et af.
Apoptosis; molecular regulation of cell death.
Eur J Biochem 1996: 236; 1-26.

RN E S SHESRE B, T SM
K RIE RO A AT /Zfé T 2

LY
szl FEE. A K, FLR (BERE
R R EHAHIE, BIRE 150086, HE)
#ED, B4R (ChEEEHERBLIINRK
SEALCRBFFE AT, WS ARIR 150086, RIE)
wA%)

R@A FIEARE B AT 1 SRR
R E; L BROAE; BT EHHRE

I:"I
—

BeY. it Ca* | ENFEARFE(CV) B, B0
MEFRMEWH T RNER. 7%, DNA RSB
B3R RRAMEERN AT, Fuo
SAMAE.CUMAE, XREEMEWE C |,
POLBREEL., HR. B 24, LUHAKRA
CVB; WAk B {E . 10 hak W T 890 AL
B, 17, 24 W36 hiAT-HBE 25 A5 %, 60 %
90 %, MPIThOIL[CEY | MR E. B8
SIRBTRINT-ABIE. #Hig. CVB, TEIHEHL
WL B BTt 2. SR C2* S5\ T Ml e
FEFTUR, HERTPHEHEEEREH.

(s fpdod)

International Congress on Frontiers in Pharmacology and Therapeutics
in 21st Century

1999 Dec 1 -4

Info;

Prof S K Gupta

New Delhi, INDIA

Department of Pharmacology
All India Institute of Medical Sciences

Ansari Nagar

New Delhi-110 029

INDIA

Phn 91-11-659-3633. Fax 91-11-686-2663 .



http://www.cqvip.com

