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Abstract

We previously reported that hypoxia followed by reoxygenation (hypoxia/reoxygenation) rapidly activated intracellular signaling

such as mitogen-activated protein kinases (MAPKs) including extracellular signal-regulated protein kinase (ERK) 1/2, p38MAPK,

and stress-activated protein kinases (SAPKs). To investigate the humoral factors which mediate cardiac response to hypoxia/

reoxygenation, we analyzed the conditioned media from cardiac myocytes subjected to hypoxia/reoxygenation by two-dimensional

electrophoresis and mass spectrometry. We identified cyclophilin A (CyPA) as one of the proteins secreted from cardiac myocytes in

response to hypoxia/reoxygenation. Hypoxia/reoxygenation induced the expression of CyPA and its cell surface receptor CD147 on

cardiac myocytes in vitro. This was also confirmed by ischemia/reperfusion in vivo. Recombinant human (rh) CyPA activated

ERK1/2, p38MAPK, SAPKs, and Akt in cultured cardiac myocytes. Furthermore, CyPA significantly increased Bcl-2 in cardiac

myocytes. These data strongly suggested that CyPA is released from cardiac myocytes in response to hypoxia/reoxygenation and

may protect cardiac myocytes from oxidative stress-induced apoptosis.

� 2004 Elsevier Inc. All rights reserved.
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We previously reported that both hypoxia and

hypoxia followed by reoxygenation (hypoxia/reoxy-

genation) rapidly and sequentially activated mitogen-

activated protein kinase kinase kinase (MAPKKK)
activity of Raf-1, MAP kinase kinase (MAPKK),

MAPKs (p44mapk and p42mapk) (also called extracellular
qAbbreviations: BPB, bromophenol blue; CBB, Coomassie bril-

liant blue; CyPA, cyclophilin A; 2-D, two dimensional; DMEM,

Dulbecco’s modified Eagle’s medium; DTE, dithioerythritol; ERK,

extracellular signal-regulated protein kinases; HIV, human immuno-

deficiency virus; IEF, isoelectric focusing; MAPK, mitogen-activated

protein kinase; MAPKK, MAPK kinase; MAPKKK, MAPK kinase

kinase; MS, mass spectrometry; PBS, phosphate-buffered saline; PDA,

piperazine diacrylamide; SAPK, stress-activated protein kinase; SDS–

PAGE, sodium dodecyl sulfate–polyacrylamide gel electrophoresis;

Ser, serine; TCA, trichloroacetic acid; TRITC, tetramethyl rhodamine

isothiocyanate; TSA, tyramide signal amplification; Tyr, tyrosine; Thr,

threonine; VSMC, vascular smooth muscle cell.
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signal-regulated protein kinase [ERK]1 and ERK2,

respectively), and S6 kinase (p90rsk) as well as Src

family tyrosine kinases (c-Src and c-Fyn) and p21ras,

which are upstream mediators of MAPK pathway
[1,2]. We also reported that both hypoxia and hypoxia/

reoxygenation rapidly activated stress-activated MAPK

signaling cascades involving p65PAK, p38MAPK, and

stress-activated protein kinases (SAPKs) in cultured rat

cardiac myocytes [3]. Activation of these signaling

cascades results in the expression of various genes

coding for growth factors, cytokines, cell-adhesion

molecules, and so on, which may play a role in the
adaptation to these stresses or lead to further cell

damage known as reperfusion injury. In this study, to

investigate the humoral factors which mediate cardiac

response to hypoxia/reoxygenation, we analyzed the

conditioned media from cardiac myocytes subjected to

hypoxia/reoxygenation and found that cyclophilin A

(CyPA) was secreted from cardiac myocytes and might
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play a role in protecting cardiac myocytes from oxi-
dative stress-induced cell injury.
Materials and methods

Cell culture. Primary cultures of ventricular cardiac myocytes were

prepared from neonatal rats as previously described [1]. They were

cultured for two days until they were confluent and then serum-starved

for 24 h before use.

Hypoxia and reoxygenation. Hypoxic condition (95% N2, 5% CO2,

and less than 0.1% O2) was achieved by using an anaerobic jar

equipped with a new type AnaeroPack (disposable O2 absorbing and

CO2 generating agent, Mitsubishi Gas Chemical, Japan) and an indi-

cator to monitor oxygen depletion as described previously [1]. By

placing flasks, which contain phosphate-buffered saline (PBS), in an

anaerobic jar overnight, the PBS was balanced with the hypoxic at-

mosphere. Cultured cardiac myocytes were subjected to a hypoxic

condition by immediately replacing the medium with the hypoxic PBS

in an anaerobic jar. To keep hypoxic conditions, all the procedures

were performed in a glove bag filled with 95% N2 and 5% CO2. After

incubating in a hypoxic condition for 60min, the cells were reoxy-

genated by immediately replacing the hypoxic PBS with normoxic PBS

for the indicated time periods. We collected the supernatant PBS after

10min of reoxygenation as reoxygenation-conditioned PBS. We also

collected the supernatant PBS after 10min of incubation with

non-stimulated cardiac myocytes under normoxia as control-

conditioned PBS.

Two-dimensional gel electrophoresis. We concentrated the reoxy-

genation-conditioned PBS and control-conditioned PBS by using

centripreps (YM-10; Millipore, Bedford, MA, USA) and collected the

fractions of molecular weight >10 kDa from them. Immobiline dry

strips at pH 3–10 (7 cm), IPG buffer, PlusOne silver staining kit, and

Coomassie brilliant blue (CBB-R350) were purchased from Amersham

Biosciences (Uppsala, Sweden). For the first-dimensional isoelectric

focusing (IEF), IPGphor strips (7 cm) at pH 3–10 were used. The

concentrated-conditioned PBS (50 lg/125ll) in a microtube (Treff AG,

Schweiz, Switzerland) was diluted with Milli Q water (375ll) and

deproteinized with the 500ll of 40% trichloroacetic acid (TCA) (final

concentration 20%). The mixtures were allowed to stand on ice for

more than 1 h and centrifuged at 13,000 rpm for 10min. The super-

natants were discarded and the precipitates were washed with cold

ether three times to remove excess TCA. The final precipitates were

dissolved in the IEF solution containing 9M urea, 4% CHAPS, 65mM

dithioerythritol (DTE), 2% IPG buffer, pH 3–10, and bromophenol

blue (BPB). The dried IPG strips were rehydrated overnight in the

sample solution. Then, IEF was performed with the following steps;

increasing voltage 30V for 7 h, 60V for 7 h, from 60 to 200V for 0.5 h,

from 200 to 500V for 0.5 h, from 500 to 1000V for 0.5 h, from 1000 to

8000 V for 0.5 h, and held at 8000V for 1 h, i.e., a total of 11.5 kVh.

Before loading on a 2-D SDS–PAGE, the IPG strips were immersed in

5ml solution containing 50mM Tris–HCl (pH 8.5), 6M urea, 30%

glycerol, 2% SDS, 150mM DTE, and 0.005% BPB and were shaken

slowly for 10min at room temperature in order to reduce the inner

and intra-disulfide bonds of cysteinyl residues. And then, the re-

duced proteins were alkylated with 5ml of 300mM acrylamide at

room temperature for 10min. For the 2-D sodium dodecyl sulfate–

polyacrylamide gel electrophoresis (SDS–PAGE), we used a gel

(110� 110� 1mm; Nihon Eido, Tokyo, Japan), which was prepared

for separating gel (10% acrylamide and 2.6% piperazine diacrylamide

[PDA]) and for stacking gel (4% acrylamide and 2.6% PDA). The pre-

run was performed at 24mA for 45min to remove the excess reagents

and adjust gel condition. The IPG strips were placed onto the surface

of a stacking gel. At first, the 2-D SDS–PAGE commenced at 6mA for

30min in order to release proteins from the IPG strips and to stack

those into the 2-D gel. Subsequently, the proteins were separated at
12mA for 3.25 h. The proteins in the gels were stained with the silver

staining kit or the CBB R-350 reagent kit and profiled with the image

analyzer, Master Scan (Scanalytics, Billerica, MA, USA).

In gel digestion. The proteins on the 2-D SDS–PAGE were sub-

jected to in gel digestion as described previously [4]. The spots were

excised manually using a razor blade, placed in microtubes, washed

with H2O (10min, 37 �C, five times), and destained in 100ll of 50%
CH3CN and 100mM ammonium bicarbonate (pH 8.5) for 10min at

37 �C until colorless. The gels were dehydrated in 100ll CH3CN in a

microtube for 10min at 37 �C and was dried in Micro Vac MV-100

(Tomy, Tokyo, Japan) for 5min. The dried residue was rehydrated by

adding 50ll of 0.001% trypsin in 100mM ammonium bicarbonate

(pH 8.5) and incubated overnight at 37 �C. The incubation mixture in

the microtube was centrifuged, and the residue was extracted with

50% CH3CN and 0.1% trifluoroacetic acid, and centrifuged again.

The residue was further extracted with 15% isopropyl alcohol, 20%

formic acid, 25% CH3CN, 40% H2O, and finally with 80% CH3CN.

The supernatant and all of the extracts were successively dried

in a single microtube, and the residue was dissolved in 6ll of 0.1%
formic acid. Aliquots were used for protein identification by mass

spectrometry.

Mass spectrometry. Peptide mapping was carried out using API

QSTAR Pulsar (I) hybrid mass spectrometer system with a micro-

liquid chromatograph (Magic 2002, Michrom BioResource, Aurburn,

CA, USA). The QSTAR pulsar hybrid mass spectrometer system

consists of the apparatus of nanoelectrospray ionization and the

quadrupole-time of flight (ESI-TOF) mass spectrometer. Mass accu-

racy was �0.1 mass unit. Conditions of mass spectrometry (MS) were

as follows; ion spray voltage of 2.0–2.8 kV, voltage for the electron

multiplier of 2400V, nitrogen for curtain gas of 10, nitrogen for col-

lision gas of 10, and collision energy of 20–55 eV for MS/MS analysis.

Conditions of micro-LC were as follows; Magic C18 column (0.2mm,

inner diameter� 50mm) and elution with 0.1% formic acid (solvent

A) and 0.1% formic acid in 90% CH3CN (solvent B) using a program

of 3% solvent B for 2min, gradient at 2.1%/min for 45min, 100%

solvent B for 5min, and flow rate of 2.5 ll/min. Proteins in-gel

digested on 2-D SDS–PAGE were identified with LC-MS/MS using

the PROWL (ProFound) and Mascot search engines, and NCBI

database.

Ischemia and reperfusion. Rats (male, 250–280 g) were subjected to

coronary artery ligation by techniques previously described [5].

Briefly, rats were anesthetized with sodium pentobarbital (40mg/kg,

intraperitoneally), intubated, and ventilated with room air (tidal

volume, 20ml/kg at rate of 60/min) with a respirator (SN-480-7,

Shinano Manufacturing, Tokyo, Japan). After lateral thoracotomy

and pericardiectomy, a 6–0 silk stitch was placed near the intramy-

ocardial location of the left coronary artery beneath the left atrial

appendage. We performed coronary artery occlusion by pressing a

short length of tube over the ends of the suture and clamping it

firmly against the heart. We achieved reperfusion by removing the

clamp. The standard limb lead II electrocardiogram was monitored

continuously. We confirmed the ischemia and reperfusion of the re-

gional myocardium by following the changes of the ST segment level

on the electrocardiogram and observing the change in the color of

the myocardium.

Immunohistochemistry. We used tyramide signal amplification

(TSA) technology for fluorescence (TSA-Direct [Green], NEN Life

Science Products, according to the manufacturer’s instructions). Rats

were killed at each time point after myocardial ischemia/reperfusion.

Cryostat sections (6-lm thick) of heart ventricles were prepared, air-

dried, and fixed in acetone for 5min. After washing in PBS, the sec-

tions were incubated with rabbit polyclonal anti-CyPA antibody

(Upstate Biotechnology, NY, USA) or goat polyclonal anti-CD147

antibody (G-19; Santa Cruz Biotechnology, CA, USA) for 1 h at 37 �C.
After washing in PBS, the sections were incubated with biotinylated

anti-rabbit or goat IgG antibody (Vector Laboratories, CA) for 1 h at

37 �C. After washing in TNT buffer (0.1mol/L Tris–HCl, pH 7.5,
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0.15mol/L NaCl, and 0.05% Tween 20), the sections were blocked with

TNB buffer containing a blocking reagent for 30min and then

incubated with streptavidin–horseradish peroxidase for 30min.

After washing in TNT buffer, the sections were incubated with fluo-

rescein–tyramide for appropriate time (3–10min), washed in TNT

buffer, and then examined, and photographed under a fluorescence

microscope.

Immunocytochemistry. For immunocytochemical analysis, to dis-

tinguish cardiac myocytes from non-muscle cells (mainly consisted of

fibroblasts), we performed double-staining for cardiac myosin and

CyPA or CD147 using a mouse anti-cardiac myosin monoclonal an-

tibody (mAb) (CMA19) [6] and tetramethyl rhodamine isothiocyanate

(TRITC)-conjugated anti-mouse IgG antibody as described previously

[7]. The procedures for staining of CyPA and CD147 were the same as

for the tissue samples.

Western blot analyses for phosphorylation of ERK1/2, p38MAPK,

SAPKs, and Akt. Cardiac myocytes were treated with 10 nM of re-

combinant human (rh) CyPA (Sigma Chemical, MO, USA) for the

indicated time periods, then the culture media were aspirated im-

mediately and cardiac myocytes were frozen in liquid nitrogen. The

cells were lysed on ice with buffer A and the cell lysates were cen-

trifuged, as described previously [3]. The supernatants were sus-

pended in Laemmli’s sample buffer. Aliquots of the samples were

subjected to Western blot analyses using a rabbit polyclonal phos-

pho-specific anti-ERK1/2 (Thr202/Tyr204), p38MAPK (Tyr182),

SAPKs (Thr183/Tyr185), or Akt (Ser473) antibody (New England

Biolabs, MA, USA), respectively. Aliquots of the same samples were

also subjected to Western blot analyses using a rabbit polyclonal

control anti-ERK1/2, p38MAPK, SAPKs, or Akt antibody (New

England Biolabs), respectively. The antibody–antigen complexes were

developed with chemiluminescence using alkalinephosphatase (New

England Biolabs).

Western blot analyses for Bcl- 2 and Bcl-X. Cardiac myocytes were

treated with 50 nM rhCyPA for the indicated time periods. The pro-

cedures for preparing the Western blot samples were the same as de-

scribed above. Aliquots of the samples were subjected to Western blot

analyses using mouse anti-Bcl-2 or -Bcl-X mAb (Transduction Labo-

ratories, Lexington, KY, USA). Aliquots of the same samples were

subjected to Western blot analysis using a goat polyclonal anti-actin (I-

19) antibody (Santa Cruz Biotechnology). The antibody–antigen

complexes were developed with chemiluminescence using alkaline-

phosphatase.
Fig. 1. 2-D gel electrophoresis of control-conditioned PBS (A) and reoxyge

protein spot (B), which is not present in control-PBS (A).
Results

Cultured cardiac myocytes secrete CyPA in response to

hypoxia/reoxygenation

Fig. 1 shows the results of 2-D gel electrophoresis of

control conditioned PBS (panel A) and reoxygenation-

conditioned PBS (panel B) stained with silver. A protein

spot (Mr 18.2 kDa and pI 8.4) indicated by an arrow
(panel B) was not present in control-conditioned PBS

(panel A) and seemed to appear in response to hypoxia/

reoxygenation. LC-MS/MS analysis of the protein spot

identified CyPA.

Hypoxia/reoxygenation induces expression of CyPA and

CD147 on cultured cardiac myocytes in vitro

Next, we examined whether cardiac myocytes express

CyPA and its cell surface receptor CD147 under normal

condition and in response to hypoxia/reoxygenation.

Fig. 2 shows double-stained cultured cardiac myocytes

under normal condition or subjected to hypoxia/reoxy-
genation. Panels A, B, and E show the staining pattern

specific for CyPA. Panel F shows the staining pattern

specific for CD147. Panels C, D, G, and H which cor-

respond to panels A, B, E, and F, respectively, show the

staining pattern specific for cardiac myosin heavy chain

and indicate that most of the cells were cardiac myo-

cytes. There was only weak expression of CyPA on

cardiac myocytes under normal condition (panel A). No
significant change in the expression of CyPA was seen

on cardiac myocytes subjected to hypoxia for 60min

(panel B). Most of the cardiac myocytes subjected to

hypoxia for 60min followed by reoxygenation for

10min moderately to strongly expressed CyPA on their
nation-conditioned PBS (B) stained with silver. An arrow indicates a



Fig. 2. Immunocytochemical study of cultured cardiac myocytes for

CyPA and CD147. (A, B, E, and F) Myocytes under normal condition

(A), myocytes subjected to hypoxia for 60min (B), and myocytes

subjected to hypoxia for 60min followed by reoxygenation for 10min

(E), stained with anti-CyPA antibody, and labeled with FITC. Myo-

cytes under normal condition (F) stained with anti-CD147 antibody

and labeled with FITC. Panels C, D, G, and H which correspond to

panels A, B, E, and F, respectively, show the staining pattern specific

for cardiac myosin heavy chain and labeled with TRITC. Bar¼ 50 lm.
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surfaces (panel E). Strong expression of CD147 was seen

on cardiac myocytes under normal condition (panel F).

The expression levels of CD147 on cardiac myocytes
Fig. 3. Immunohistochemical study of ventricular myocardium for CyPA an

ischemia for 30min (B), and myocardium subjected to ischemia for 30min

antibody. Sham-operated myocardium (D), myocardium subjected to ischem

followed by reperfusion for 30min (F) were stained with anti-CD147 antibo
were not significantly changed by hypoxia or by hy-
poxia/reoxygenation in vitro (data not shown).

Ischemia/reperfusion induces expression of CyPA and

CD147 on cardiac myocytes in vivo

To confirm the expression of CyPA and CD147 on

cardiac myocytes in vivo, we examined their expression

in ventricular tissues from sham-operated rats and rats

subjected to myocardial ischemia/reperfusion. In sham-

operated rats and rats subjected to myocardial ischemia

for 30min, there was only weak or almost no expression

of CyPA on cardiac myocytes (Figs. 3A and B, respec-

tively). In rats subjected to myocardial ischemia for
30min followed by reperfusion for 15min, there was a

clear expression of CyPA on most of the cardiac myo-

cytes (Fig. 3C). In sham-operated rats and rats subjected

to myocardial ischemia for 30min, there was a moderate

expression of CD147 on most of the cardiac myocytes

(Figs. 3D and E, respectively). Myocardial ischemia for

30min followed by reperfusion for 30min significantly

increased the expression of CD147 on most of the car-
diac myocytes (Fig. 3F).

CyPA activates ERK1/2, p38MAPK, SAPKs, and Akt in

cultured cardiac myocytes

To investigate whether CyPA transduces signals

through CD147 and stimulates cardiac myocytes, we

examined whether rhCyPA phosphorylates MAPK

family members ERK1/2, p38MAPK, and SAPKs, as

well as Akt in cultured cardiac myocytes. As shown in

Figs. 4A, B, and C, rhCyPA significantly phosphory-

lated ERK1/2, p38MAPK, and SAPKs, indicating the

activation of these kinases. The phosphorylation was led
to a maximum level biphasically at 2–5min and 30min

for ERK1/2 and SAPKs, and at 5–10min and 30min for

p38MAPK. rhCyPA also significantly phosphorylated
d CD147. Sham-operated myocardium (A), myocardium subjected to

followed by reperfusion for 15min (C) were stained with anti-CyPA

ia for 30min (E), and myocardium subjected to ischemia for 30min

dy. Bar¼ 50lm.



Fig. 5. Effects of recombinant human (rh) CyPA on the expression of

Bcl-2 and Bcl-XS=L. Serum-starved cardiac myocytes were treated with

rhCyPA (50 nM) for the indicated time periods and lysed in buffer A.

The cell lysates were centrifuged and the supernatants were subjected

to Western blot analyses using an anti-Bcl-2 or -Bcl-X mAb. Aliquots

of the same samples were also subjected to Western blot analysis using

an anti-actin antibody. The antibody–antigen complexes were devel-

oped with chemiluminescence using alkalinephosphatase. The experi-

ments were performed at least in triplicate. The results shown are from

one typical experiment.

Fig. 4. Recombinant human (rh) CyPA phosphorylates ERK1/2,

p38MAPK, SAPKs, and Akt. Serum-starved cardiac myocytes were

treated with recombinant human (rh) CyPA (10 nM) for the indicated

time periods and lysed in buffer A. The cell lysates were centrifuged

and the supernatants were subjected to Western blot analyses using a

phospho-specific ERK1/2 (Thr202/Tyr204) (A), p38MAPK (Tyr182)

(B), SAPKs (Thr183/Tyr185) (C), or Akt (Ser473) (D) antibody,

respectively. Aliquots of the same samples were also subjected to

Western blot analyses using a rabbit polyclonal control anti-ERK1/2

(A), p38MAPK (B), SAPK (C), or Akt (D) antibody. The antibody–

antigen complexes were developed with chemiluminescence using

alkalinephosphatase. The experiments were performed at least in

triplicate. The results shown are from one typical experiment.
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Akt with a maximum level at 15–30min. We confirmed

that almost equal amounts of ERK1/2, p38MAPK,

SAPKs, and Akt proteins were electrophoresed in each

reaction by Western blot analyses using control anti-
ERK1/2, -p38MAPK, -SAPKs, and -Akt antibodies

(phosphorylation-state independent) (Fig. 4).

CyPA increases the expression of Bcl-2 in cultured

cardiac myocytes

Because CyPA activates Akt in cardiac myocytes,

next, we examined whether CyPA increases anti-apop-

totic proteins such as Bcl-2 and Bcl-XL in cardiac

myocytes. As shown in Fig. 5, CyPA significantly in-

creased Bcl-2 with a maximum level at 16 h, whereas

CyPA did not significantly change the levels of Bcl-XL

and Bcl-XS. Western blot analysis using an anti-actin
antibody as an internal standard showed that almost

equal amounts of samples were electrophoresed in each

reaction (Fig. 5).
Discussion

In the present study, we have showed that CyPA was

one of the proteins secreted from cultured rat cardiac

myocytes in response to hypoxia/reoxygenation and that

hypoxia/reoxygenation induced the expression of CyPA
and its cell surface receptor CD147 [8] on cardiac myo-

cytes. This strongly suggests that secreted CyPA interacts

with CD147 on cardiac myocytes in an autocrine fashion

and plays a role in activating intracellular signaling which

mediates cardiac response to hypoxia/reoxygenation. We

also showed that rhCyPA activated MAPK family ki-

nases andAkt, and significantly increased Bcl-2 in cardiac

myocytes, suggesting a protective role for CyPA against
oxidative stress-induced apoptosis.

CyPA is an immunophilin family protein known to

exist intracellularly and is distributed ubiquitously.

CyPA is known to be an enzyme with peptidyl–prolyl

cis–trans isomerase activity and acts as a molecular

chaperone in protein folding [9,10]. In fact, CyPA

has been shown to bind with cyclosporine A or is

incorporated into human immunodeficiency virus type 1
(HIV-1) particles, and plays an essential role in immu-

nosuppressive effect of cyclosporine A as well as HIV-1

infection [11–13]. In addition to the intracellular func-

tion, CyPA has also been shown to be secreted by cells

in response to various stimuli and play important roles

in chemotaxis of neutrophils, monocytes, and eosin-

ophils as well as in protecting host cells from external

stresses [14–16]. Jin et al. [16] reported that CyPA was
secreted by vascular smooth muscle cells (VSMCs) in

response to oxidative stress induced by LY83583, an O�
2

generator, and that secreted CyPA-mediated ERK

activation in VSMCs, increased DNA synthesis, and
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inhibited nitric oxide-induced apoptosis in VSMCs. The
authors also demonstrated that the expression of CyPA

was markedly increased in the balloon-injured vascular

lesion, suggesting that CyPA acts as an oxidative stress-

responsive growth and survival factor for VSMCs. It has

been shown that mammalian cells quickly respond and

adapt to external stresses such as mechanical load,

metabolic changes, and hypoxia/reoxygenation, by ex-

pressing a number of various genes, which may have
protective or injurious effects on the cells. In particular,

cardiac myocytes express various genes coding for

growth factors, cytokines, cell-adhesion molecules, and

so on, in response to ischemia/reperfusion to adapt to

these stresses or lead to further cell damage known as

reperfusion injury. Moreover, evidence has accumulated

that cardiac myocytes secrete various growth factors

such as angiotensin II, transforming growth factor-b1,
endothelin-1, atrial natriuretic peptide, and adreno-

medullin, which in turn mediate cellular response to

external stresses in an autocrine fashion [17–21]. Kitta et

al. [22] reported that hepatocyte growth factor protected

cardiac myocytes against apoptosis induced by oxidative

stresses such as daunorubicin, serum deprivation, and

hydrogen peroxide. In the present study, we have dem-

onstrated for the first time that cardiac myocytes se-
creted CyPA in response to hypoxia/reoxygenation and

that secreted CyPA played a role in activating intracel-

lular signaling through CD147, which was upregulated

on cardiac myocytes by hypoxia/reoxygenation. Up-

regulation of CyPA and CD147 on cardiac myocytes

was also confirmed by ischemia/reperfusion in vivo,

suggesting that the similar mechanism was involved in

cardiac response to ischemia/reperfusion in vivo. Al-
though at least several growth factors may be involved

in the cardiac response to oxidative stresses, our data

strongly suggest that CyPA plays a role in the protection

of cardiac myocytes against oxidative stress-induced

apoptosis through this autocrine mechanism.
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