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Abstract
Functional roles of tissue transglutaminase
in apoptotic mechanisms of cardiomyocytes

Byoung-Keuk Kim

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Yangsoo Jang)

Tissue transglutaminase (tTG) is ubiquitously ezpeel in mammalian
tissues; found both extracellularly at the cellface in association with the
extracellular matrix and intracellularly in membeaassociated as well as
cytosolic formsThe physiological role of tTG remains unclear ie ttellular
function. The majority of studies support the notibat transamidation by
tTG can both facilitate and inhibit apoptosis, whihe GTP-bound form of
the enzyme generally protects cells against ddattthat, many previous
studies indicated Janus face of tTG in the apapftigram. In this study, we
hypothesize that tTG plays a pivotal role in neahatat ventricular
cardiomyocyte under apoptotic condition. Neonaaalcardiomyocytes were
treated with 50QM H,O, for 2 hours or 10QM retinoic acids for 24 hours.

Immunocytochemistry and flow cytometry was perfotnte determine more



increased expression of tTG after apoptotic stitimia Caspase-3 assay
demonstrated considerable correlation between WpBession and apoptosis.
Immunoblot assay analysis demonstrated increase@ ®Expression
significantly inhibit survival or anti-apoptotic ggial molecules such as p-
ERK1, 2, p-Akt and Bcl-2 but enhance activatiorcaépase-8, cytochrome ¢
and Bax. tTG expression also regulated intracellGi& overload because
cardiomyocytes transfected with tTG under treatment500 uM H,0O,
induced reduction of PLG1 expression and PKC activation. Furthermore,
our data showed that tTG expression and tTG-relatpdptotic signal
molecules were controlled by calreticulin (CRT) mgsion level. Therefore,
the results from this study show that tTG expresiwel modulates apoptotic

signal molecule and undergo on intracellular caiciavel and signal.

Key Words: Cardiomyocytes, tissue traansglutamin@$6), Apoptosis,

Hydrogen Peroxide, Retinoic Acids
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in apoptotic mechanisms of cardiomyocytes

Byoung-Keuk Kim
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I. INTRODUCTION

A novel GTPase [termed asafzand tissue transglutaminase (tTG)],
observed in rat liver plasma membrane as a med@ftaransmembrane
signaling, also has transglutaminase (TGase) actiiecause tTG binds and
hydrolyzes GTP with an affinity and catalytic raieilar to thea subunits of
large heterotrimeric G proteins and small Ras-t@@roteins, the GTPase
reaction of tTG transduces signals from receptarseffectors, and the
subsequent association of GDP-bound tTG with dalrin (CRT) completes
one cycle of signalin@jf1 tTG couples ay,. and a;q. adrenoreceptors,
thromboxane and oxytocin receptors to phospholigageL(1), mediating
inositol phosphate production in response to agaemsivation. &h, also

known as tTG (tissue Tgase), is a member of thes€Gamily (thiol- and
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Cd*-dependent acyl transferases family) that catalyttes catalyze the
formation of a covalent bond between thearboxamide groups of peptide-
bound glutamine residues and various primary aminesuding thes-amino
group of lysine in certain proteins.

In general, tTG is ubiquitously expressed in manemnaiissues, found both
extracellularly at the cell surface in associatwith the extracellular matrix
and intracellularly in membrane-associated as agktytosolic forms.® The
physiological role of the TGase function ofuld remains unclear, and the
regulation of isopeptide formation is completelykmown. The formation of
irreversible isopepetides in a number of proteias heen observed during
diverse cellular processes, including cell difféi@ion, cell adhesion, cross-
linking of interacting extracellular matrix, anddinction of apoptosi§° The
GTPase activity of &, has been shown to be involved in regulation of cel
cycle progressiof.

tTG is often upregulated in cells undergoing apsigtoln cultured cells
tTG may exert both pro- and anti-apoptotic effeldpending upon the type of
cell, the kind of death stimuli, the intracellulacalization of the enzyme and
the type of its activities switched on. The majorif studies support the

notion that transamidation by tTG can both fad#itand inhibit apoptosis,



while the GTP-bound form of the enzyme generallgtgets cells against
death. But many previous studies indicated James d&tTG in the apoptotic
program.

Ischemia/reperfusion injury (I/R) is a common cacodpathology resulting
from resumption of blood flow in occluded coronaagteries. Myocardial
ischemia initiates a range of cellular events, Wwhare initially mild and
become progressively damaging with increasing duratof ischemia.
Although the meaning of reperfusion is a termimatiof ischemia and
essential condition for cellular survival and reatmn of normal function, it
paradoxically causes damage to the cell. The nidg¢mtified mediators of I/R
injury are the reactive oxygen species (ROS) whittiude HO,, the
superoxide anion  and OH®** Indeed, in recent years abundant reports
have pointed to the important contribution of aps to the underlying
cardiac dysfunction in major heart pathologies,luding ischemic heart
disease$*™ Most of the apoptotic damage occurs during theenfepion
phase, emphasizing the key role of ROS in the apicptamage in the
ischemic/reperfused myocardium.

To investigate to what extent the change of tTGresgion is a key

biochemical event in the death program, we stutheceffect on apoptosis of



H,0,-stimulated cardiomyocyte stably transfected withsmids containing
tTG cDNA or siRNA for tTG. Myocardial apoptosis mlved in tTG in
neonatal rat ventricular cardiomyocyte was charad further by

examining the change of protein related to apoptntid calcium signals.

II. MATERIALS AND METHODS

1. Isolation of neonatal rat cardiomyocytes

Neonatal rat cardiomyocytes were isolated and iedriby previously
described methods. Briefly, hearts of 1-2 day-olda§pe Dawley rat pups
were dissected and the ventricles washed with Ralide phosphate-buffered
saline solution (PBS) (pH 7.4, Gibco BRL) lackingCand Md". Using
micro-dissecting scissors, hearts were minced utiiié pieces were
approximately 1 mrhand treated with 10ml of collagenase | (0.8 mg26R
units/mg, Gibco BRL) for 15 minutes at 37°C. Thepeunatant was then
removed and the tissue treated with fresh collagenasolution for an
additional 15 minutes. The cells in the supernataare transferred to a tube

containing cell culture mediunu{MEM containing 10% fetal bovine serum,



Gibco BRL). The tubes were centrifuged at 1200 fpm4 minutes at room
temperature, and the cell pellet was resuspendesl inl of cell culture
medium. The above procedures were repeated 7-% timél little tissue
remained. Cell suspensions were collected and atedbin 100mm tissue
culture dishes for 1-3 hours to reduce fibroblasttamination. The non-
adherent cells were collected and seeded to achiéwal concentration of 5
x 10 cells/ml. After incubation for 4-6 hours, the salVere rinsed twice with
cell culture medium and 0.1 uM BrdU was added. e#re then cultured

with cell culture medium in a COncubator at 37°C.

2. Immunocytochemistry
Cells were grown on 4-well plastic dishes (Soni¢SHale, Nalge Nunc,

Rochester, NY, USA). Following incubation, the sellere washed twice with
PBS and then fixed with 4% paraformaldehyde inrfAl3?BS for 30 min at
room temperature. The cells were washed again WBS and then
permeabilized for 30 min in PBS containing 0.2%otri The cells were then
blocked in PBS containing 10% goat serum and thenkated for 1 hr with
rabbit polyclonal TG2 antibody. The cells were reled three times for 10

min with PBS and incubated with FITC-conjugatedtgaati-rabbit antibody



as the secondary antibody for 1 hr. Photographsetté were taken under
fluorescence by immunofluorescence microscopy (Q@lysn Melville, NY,

USA). All images were made by using an excitatitierfunder reflected light
fluorescence microscopy and transferred to a coenpeguipped with
MetaMorph software ver. 4.6 (Universal Imaging Chr@All images were
made by using an excitation filter under reflectéght fluorescence
microscopy and transferred to a computer equipgddMetaMorph software

ver. 4.6 (Universal Imaging Corp.).

3. Flow cytometry

Cardiomyocytes were retrieved with a standard trypation technique.
Cells were washed in phosphate buffered saline YRBE fixed in 70%
ethanol at 4 °C for 30 min with agitation. Cells wevashed twice in PBS and
resuspended at 2x106 cells/ml in blocking buffe¥e (BSA, 0.1% FBS)
containing anti-TG2 rabbit antibody diluted at D02 The labeling reaction
mixture was agitated for 20 min at room temperat@ells were washed
twice and then labeled with anti-rabbit-FITC corgted IgG (Jackson
ImmunoResearch Laboratories, Inc.PA, USA) diluted #400 for 20 min at

room temperature in the dark. After two more wasH&sv cytometric



analysis was performed on a FACSCalibur system t{@eDickinson, CA,
USA) using CellQuest™ software with 10,000 evergsorded for each
sample. Data was acquired in single parameter drato with appropriate

particle size and light scatter gating.

4. Immunoblot analysis

Cells were washed once in PBS and lysed in a lysifer (Cell signaling,
Beverly, MA, USA) containing 20 mM Tris (pH 7.5)5Q4 mM NaCl, 1 mM
N&EDTA, 1 mM EGTA, 1% Triton, 2.5 mM sodium pyrophospe, 1 mM3-
glycerophosphate, 1 mM MO, 1 mg/ml leupeptin and 1 mM PMSF.
Protein concentrations were determined using tfelf®rd protein assay kit
(BioRad, Hercules, CA, USA). Proteins were sepdrdte a 12% SDS-
polyacrylamide gel and transferred to PVDF membrghiilipore Co,
Bedford, MA, USA). After blocking the membrane withis-buffered saline-
Tween 20 (TBS-T, 0.1% Tween 20) containing 5% reardfied milk for 1 hr
at room temperature, membranes were washed twitk WBS-T and
incubated with primary antibodies for 1 hr at rodemperature or for
overnight at 4°C. The membrane were washed thmeestivith TBS-T for 10

min, and then incubated for 1 hr at room tempeeatwith horseradish



peroxidase (HRP)-conjugated secondary antibodiéisr Axtensive washing,
the bands were detected by enhanced chemilumirnesc@CL) reagent
(Santa Cruz Biotechnology, Santa Cruz, CA, USAx band intensities were
quantified using a Photo-Image System (Moleculamdyics, Uppsala,

Sweden).

5. Confocal microscopy and fluorescence measureament

The measurement of cytosolic free ?Cavas performed by confocal
microscopy analysis. Neonatal rat cardiomyocytesewglated on glass
coverslips coated with laminin (5 mg/@nfor 1 day in cell culture medium
(a-MEM containing 10% fetal bovine serum, Gibco BRif)d 0.1uM BrdU.
After incubation, the cells were washed with maatifiTyrode's solution
containing 0.265 g/l Cagl0.214 g/l MgCJ, 0.2 g/l KCI, 8.0 g/l NaCl, 1 g/l
glucose, 0.05 g/l NaH2PO4 and 1.0 g/l NaHCO3. Lefkre then loaded
with 5 mM of the acetoxymethyl ester of Fluo-4 @1 AM, Molecular
Probes, Eugene, OR) for 20 min, in the dark andam temperature, by
incubation in modified Tyrode's solution. Fluorasme images were
obtained using an argon laser confocal microsco@arl ( Zeiss Inc.,

Thornwood, NY). This fluorochrome is excited byeth88 nm line of an
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argon laser and emitted light is collected throad10-560 nm bandpass filter.
Relative changes of free intracellular °Cavere determined by measuring

fluorescent intensity.

6. Caspase-3 assay

Relative caspase-3 activity was determined using #ApopTarget’
Capase-3 Colorimetric Protease Assay, according manufacturer’s
instructions (Biosource). This assay is based ergtneration of free DEVD-
pNA chromophore when the provided substrate is €ddy caspase-3. Upon
cleavage of the substrate by caspase-3, fi¢& light absorbance can be
quantified using a microplate reader at 405nm. fBri¢he cultured neonatal
cardiomyocytes (3xT) after different treatments were harvested inslysi
buffer (1M DTT), and cell extracts were centrifuged eliminate cellular
debris. Protein concentration was determined byBtiagiford assay (Bio-Rad,
Hercules, CA, USA). Aliquots (50 pl) of the cellteacts were incubated at
37°C for 2 h in the presence of the chromophorstsate. Free DEVDpNA
was determined colormetrically. The comparisonlzfoabance opNA from
apoptotic samples with uninduced controls allowetkdnination of the fold

increase in caspase-3 activity.
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7. Statistical analysis

Data are presented as mean = S.E.M. of more thaee tkeparate
experiments performed in triplicate. Where resulfsblots are shown, a
representative experiment is depicted. Comparibetseen multiple groups
were performed with one-way ANOVA (Analysis of \amnce) with

Bonferroni's test. Statistical significance wasidefl as p < 0.05 and p < 0.01.

[ll. RESULTS

1. Change of tTG expression in apoptotic cardioniec

To determine whether the treatment of cardiomyacyigh HO, led to its
enhanced expression of TG, we measured (TG Ilevdig
immunocytochemistry and flow cytometry. Confocal croscopy
demonstrates low levels of immunoreactive tTG i@ tiytosol of control rat
neonatal cardiomyocytes but stimulation of 500 H,O, for 2 hours induced
the increased level of immunoreactive tTG (Figudd. 1At the same time,
flow cytometry results established the fact thanstation of 500uM H,0,

for 2 hours in cardiomyocyte increased the levelsofface tTG protein
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expression (Figure 1B).

®

Control

tTG expression ( Fold increase)

H,0,-treated (500 pM)

Control H,0,-treated

100

20

“60

Control

H,0,-treated (500 pM)

80

60

40

20

Surface tTG expreesion (%)

37.65%

49.67%

Control

H,0,-treated

Figure 1. Change of tTG expression in apoptoticicanyocytes induced by J@,.

Cardiomyocytes were platedtiiplicate wells of 4 well plates and treated wg@0

uM H,0, for 2 hours. Change of total tTG expression irdanyocytes was detected

by the immunocytochemistry. Each result was quigatiby scanning densitometry

(A). Flow cytometry of surface tTG in cardiomyocytexposed to 500M H,O, for 2

hours (B). These experiments were repeated thressti

tTG is induced in a variety of cell types on expgesto retinoic acid (RA).

Figure 2 shows similar activation of tTG when cardyocytes are stimulated
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with RA. The induction of tTG with atRA is dose-dependent. lasiag

steady-state expression levels of tTG emerge agaf0uM RA, with peak

50 100

Rectinoic acid (uM)

4 —
3 —
0 i i i
50 100

expression at 100M RA.

Control 20

N
T

[N
T

tTG expression ( Fold increase)

Control 20

Rectinoic acid (uM)

Figure 2. Change of tTG expression in retinoic dmédted cardiomyocytes.
Cardiomyocytes were plated firiplicate wells of 4 well plates and treated with
various concentration of retinoic acid for 24 ho@sange of total tTG expression in
cardiomyocytes was detected by the immunocytocttemisEach result was

quantified by scanning densitometry and repeateskttimes.
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2. Relation of tTG expression with apoptotic caspasctivity

Our present study has shown thagOkHand RA, known as an inducer of
apoptosis in cells, stimulate the expression of.tT&G determine whether the
effect of increased tTG expression on the apopto$icardiomyocytes,
cardiomyocytes were treated with or without 500 H,O, and 100uM RA,
which induced increased expression level of tTG eimanges of caspase-3
activity was measured. After stimulation of,®3 or RA, the activity of
caspase-3 was more increased than normal contitiofwt H,O, or RA)

(Figure 3A and B).

®

Control H,O,-treated (500 puM) Control RA-treated (100 pM)
- -
10 1.0

3 08 S o8t

& &

2 2

s 06 06

o o

[ ©

% 04t 04l

@ 8

Q [=%

q 02 @ 02

o o

0
Control H,O,-treated Control RA-treated

Figure 3. Relation of tTG expression with apoptot@@aspase-3 activity.
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Cardiomyocytes were platedthiplicate wells of 4 well plates and treated w00
uM H,0, (A) or 100 uM Retinoic acid (B). Change of total tTG expression

cardiomyocytes was detected by the immunocytochigmis

Figure 4 demonstrated the relation between exmedsivel of tTG and
program cell death. The expression level of tTG walaarly increased within
24 hours after kD, stimulation. tTG protein remained elevated up thd24s
and shorter time-course studies reveal increas€B@nprotein as early as 2
hours after HO, administration. Furthermore, the activity of caspd was

also increased according to increased expressitirGof

T ——

- s A -ctin

Capase-3 activity (a.u.)

0 2 4 6 12 24

Time (h)
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Figure 4. Relation of tTG expression with caspasac8vity in cardiomyocytes
induced by HO,. Western blot analysis of tTG in cardiomyocytep@sed to 50QM
H,O, within 24 hours after b, stimulation. Each signal was quantified by scanning
densitometry. Western blot was repeated three tiRektive caspase-3 activity was
determined using the ApopTar{ét Capase-3 Colorimetric Protease Assay in
cardiomyocytes stimulated with 501 H,O, within 24 hours after D, stimulation.
Data denote the means + S.E.M. of.2 replicate measurements in three different

cell cultures.

3. Effect of tTG expression level on proliferatiand survival signal
molecules

In the mechanisms of cellular survival and protfeon, the activation of
ERKs plays an important role in gene regulation &18K/Akt signaling
pathway is also pro-survival and anti-apoptoticaig Akt is phosphorylated
at two sites due to activation of enzyme activityr308 in the catalytic
domain and Ser473 in the cytoplasmic domain. ER#his of dual specificity
kinases in MAPKs. Phosphorylation of Akt at Ser4®l ERKs (42 and 44
kDa) was detected by immunoblot assay. The phogfimm activities of

both Akt and ERK were decreased in 500 H,0O, stimulated cardiomyocyte
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compared with normal cells and cells transfecteth wiG induced more
decreased activities of both Akt and ERK. But thevéies of Akt and ERK

were increased in tTG down-expressed cells ceitgI(E 5).

TG RNAi (sense, 5-GUUACCGGAAUAUCAUCTT-3,
antisense, 5-GAUGAUAUUCCGGUAACCCTT-3))

“ B-Acti — s p-ERK1.2 - — WS p-Akt
n
S o o @ e ERKL,2 - - Akt
N -
& ov L 5 4r .
I x & —
ov vt 3
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X - <
g 3k < 3
< 3L
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5 ©
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=] = 2
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[=% n 1r-
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S oV O ¥ N .
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o ) & X > &
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RO &) oV &
o v 5’
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Figure 5. Effect of tTG on activity of proteins astd to survival of kD, stimulated
cardiomyocytes. Cardiomyocytes were treated wiBRN# for 12hr to block each
gene, and then incubated for 2 hours with 580 H,0,. Western blot analysis of
phosphorylaton of ERK and Akt in cardiomyocytes @gd to 50uM H,0O, for
2 hours. Each signal was quantified by scanningittemetry and the figure shows
the level of each activity relative to the maxirtalel of p-ERK and p-Akt. Western

blots were repeated three times.
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4. Effect of tTG expression level on apoptotic sigmolecules

It has been known that,8, is one of apoptotic stimulus in cardiomyocyte.
Apoptotic cell death is triggered by extrinsic, eptor-mediated, or intrinsic,
mitochondria-mediated, signaling pathways that @edudeath-associated
proteolytic and/or nucleolytic activities. The rresult of extrinsic apoptotic
signaling is the activation of caspase-8 and isitirapoptosis through the
mitochondrial pathway is partly regulated by th&siaction of Bcl-2 family
proteins. These proteins may be anti-apoptotic-@Bar pro-apoptotic (Bax)
and pro-apoptotic protein induces conformationang®e which triggers the
release of cytochrome c from the mitochondrial memmb space into the
cytosol. HO, induces the increased expression of pro-apopfatatein,
caspase-8, Bax and cytochrome c¢ and the decreagmdssion of anti-
apoptotic protein, Bcl-2 than normal condition. IBeling change of tTG
expression in 50QM H,0, stimulated cardiomyocyte, the expression level of
caspase-8, Bax and cytochrome ¢ was more increadé@ over-expressed
cells but inhibition of tTG expression in 500M H,0O, stimulated
cardiomyocyte induced the decreased caspase-8, aBdxcytochrome c¢
expression (Figure 6, 7A and B). The case of Babdression was

dramatically opposed to the pattern of Bax and aytome c expression
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(Figure 7C).
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Figure 6. Effect of tTG on activity of proteins atdd to extrinsic apoptosis in
cardiomyocytes. Cardiomyocytes were treated wiBRN# for 12hr to block each
gene, then incubated for 2 hours with 500 H,O,.Western blot analysis of caspase-
8 in cardiomyocytes exposed to 50 H,O, for 2 hours. Each signal was quantified
by scanning densitometry and the figure showedethels of each activity as relative

value of the maximal level of active caspase-8.téfasblot was repeated three times.
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Figure 7. Effect of tTG on activity of proteins agdd to intrinsic apoptosis in
cardiomyocytes. Cardiomyocytes were treated wiRN# for 12hr to block each
gene, and then incubated for 2 hours with H®0 H,O,.Western blot analysis of
cytochrome ¢, Bax and Bcl-2 in cardiomyocytes egpa® 50QuM H,0, for 2 hours.
Each signal was quantified by scanning densitometrgt the figure showed the
levels of each activity as relative value of theximal level of cytochrome ¢, Bax

and Bcl-2. Western blot was repeated three times.

5. Effect of tTG expression level on calcium ovadoand related signal
molecules
Phospholipase C (PLC) hydrolyzes the membrane piodippd,

phosphatidylinositol 4,5-bisphosphate (PIP2) to egate diacylglycerol
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(DAG) and inositol 1,4,5-triphosphate (IP3). DAGdaitP3 mediate the
activation of protein kinase C (PKC) and intradelfuC&* mobilization,
respectively. Reactive oxygen species can be geukby HO, and promote
large entry of C¥ into rat neonatal cardiomyocyte. To examine irdhatar
Cd”" overload in 50QuM H,0, stimulated cardiomyocyte, the fluorescence
intensity method was used in cardiomyocyte loadéth Wuo-4 AM. The
result shows that the intracellular calcium leveb00 uM H,0O, stimulated
cells was much more increased than normal cellshmsge cells transfected
with tTG or siRNA for tTG induced the increase eduction of intracellular

calcium level (Figure 8).

HO,+TG H,O,+tTGRNAI

Control

20—

o0

Huorescence increase (29
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Figure 8. Effect of tTG on intracellular calcium noentration of apoptotic

cardiomyocytes induced by,8,. Neonatal cardiomyocytes were transfected with or

not siRNA to a final concentration of 10nM or vdhi¢hen incubated for 2 hours

with 500 uM H,0,. Cytosolic free C& concentration was determined with relative

fluorescence intensity. Data denote the means +@&.E-..3 replicate measurements

in three different cell cultures.

Additionally, the pattern of PLG1 expression and PKC activation was

the same as intracellular £ahange of above data. PliT-expression and

PKC activation in tTG over-expressed cells were endecreased than only

500 uM H,0, stimulated cells but those of tTG down-expresselts avere

enhanced (Figure 9).
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Figure 9. Effect of tTG on activity of proteins at#d to calcium overload in
cardiomyocytes. Cardiomyocytes were treated wiBRN# for 12hr to block each
gene, and then incubated for 2 hours with 580 H,O,. Western blot analysis of
PKC and PLG in cardiomyocytes exposed to 5001 H,O, for 2 hours. Each signal
was quantified by scanning densitometry and tharéigshowed the levels of each
activity as relative value of the maximal level”PKC and PLG. Western blot was

repeated three times.

6. Effect of CRT expression level on tTG relateghal molecules

To examine whether calreticulin (CRT) influenceg tthange of tTG
related signal molecules, the change of tTG exjmesand pro-/anti-survival
signal molecules by CRT was examined. Our resdtaahstrated that CRT
over-expressed cardiomyocytes enhanced tTG expressuch more than
cells treated with only 500M H,0,. On the other hand, the expression of tTG
in cells transfected with siRNA for CRT was decesh¢Figure 10B). Due to
this change of tTG expression by CRT, survival ambptotic signaling
molecules were also controlled by CRT expressidwat Ts, overexpression of
CRT in 500 uM H,0O, stimulated cardiomyocytes leaded the increase of

caspase-3 activity and the decrease of ERK phoglalion compared with
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H,0, only treated cells (Figure 10A and C).
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Figure 10. Effect of CRT expression on tTG-relatsggnal molecules in
cardiomyocytes. Cardiomyocytes were treated wiBRN# for 12hr to block each
gene, then incubated for 2 hours with 5 H,0,. Western blot analysis of ERK
and tTG in cardiomyocytes exposed to 500 H,O, for 2 hours. Each signal was
quantified by scanning densitometry and the figglrewed the levels of each activity
as relative value of the maximal level of ERK an@t Western blot was repeated
three times (A and B). Relative caspase-3 activitgs determined using the
ApopTarget" Capase-3 Colorimetric Protease Assay in cardiogtgscstimulated
with 500 uM H,0O, within 24 hours after pD, stimulation. Data denote the

means + S.E.M. of 2.3 replicate measurements in three different cétuoes (C).
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IV. DISCUSSION

The present study demonstrates that a novel GTRaseed as & and
TG2, plays a pivotal role in neonatal rat ventrdcutardiomyocyte under
apoptotic condition. In addition, the expressioweleof tTG effect on
myocardial survival under pathologic condition. Thsults indicate that J0,
induced apoptosis in cardiomyocyte but cardiomyecytansfected with
SiRNA for tTG increased anti-apoptotic signals.

tTG is the most ubiquitous isoform belonging to E&a family. tTG is a
versatile multifunctional protein involved in a iety of biochemical
functions at various cellular locatioffs*® Depending upon the nature of the
group entering in the reaction, Galependent cross-linking activity of tTG is
responsible for different related modifications Isas incorporation of amine
into proteins, protein-protein cross-linking as vadlsite-specific deamidation
(if the entering group is a water molecule instedidan amine}® Mainly
under pathological settings, tTG can also act egthalarly, it can be exposed
on the external leaflet of the plasma membraneleased from cells, where it
has been suggested to mediate the interaction betwetegrins and
fibronectin with extracellular matrix (ECM§.?°

In addition to the above mentioned activities, t€&n act as G-protein
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binding and hydrolyzing GTP with an affinity andcatalytic rate similar to
the a-subunit of large heterotrimeric G proteins and lsnias-type G
proteinsz.1 Under such circumstances, tTG couplas, and dgy
adrenoreceptors, thromboxane and oxytocin receptorphospholipase C
(PLC-51)* When the enzyme is in a GTP/GDP-bound form, incamct as
transglutaminas&. The inhibition is suspended by Cavhich plays a role as
molecular switch between these two functiGh&inally, based on in vitro
observations, a Gaindependent protein disulfide isomerase (PDI) fiomc
has been proposed for this enzyme. The PDI actsdtyms to rely on an
independent active domain from that used for TGastvity, being the
cysteine of this latter active site not responsibtePDI activity itself

The tTG gene is induced in cells programmed to dlieng embryonic
development as well as in cells undergoing apoptosvarious physiological
and pathological context8® Studies from different laboratories have
suggested that tTG might have more than one fumetithin the cascade of
events leading to the establishment of the apaptotienotype. The data
reported in previous paper confirmed that tTG imdbas a role in priming
cells for apoptosis; in fact, overexpression of tiiGhuman neuroblastoma

cells significantly increases both spontaneous iaddced apoptosis. In the
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last 15 years more than 300 papers have clearlyrshtbat tTG acts as a
proapoptotic enzyme. In keeping with this notioreious studies indicated
tTG KO mice show defects in the clearance and lifiabf apoptotic cells:
However, recently antiapoptotic activities for teazyme have also been
reported®*>*

To explore tTG function, we searched the effectT@ protein expression
level on pro- or anti-apototic signals in neonatidiomyocytes. The present
study showed that cardiomyocytes transfected witB tnduced increased
apoptotic signal molecules such as Bax, cytochronsaspase-8 and caspase-
3. In relation to anti-apoptosis, cardiomyocytensfected with siRNA for
tTG resulted in a dramatic reduction in cardiomyecgpoptosis. Changes in
levels of intracellular calcium can activate signglpathway to lead apoptosis
and cell death caused by calcium overloading hasn bienplicated in
myocardium injury of hypoxia-reperfusion. The intitm of C&" overload
and calcium related signal was observed in tTG dewmpressed cells.
Furthermore, our data showed that tTG expressiontB@-related apoptotic
signal molecules were controlled by CRT expresseel known as a major
cd" binding/buffering protein of the ER lumen and asts is involved in

several of the processes that comprise celluldf Bameostasis, including
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Cd" storage in the ER, Garelease from the ER, SERCA function, and
activation of store-operated anflux. That is to say, CRT overexpression

enhanced the expression of tTG and pro-apoptajiasimolecules.

V. CONCLUSION

tTG might be essential for regulation of heart dpsis. Our study
demonstrated that tTG expression level modulateptapic signal molecule
and undergo on intracellular calcium level and algTherefore, we have
provided new insight into myocardial physiology 6fG so a better
understanding of the role of tTG in the regulatmfnmyocardial apoptosis

may provide strategies to improve outcome.
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Abstract (in korean)
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