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Cyclophilin A: A Mediator of Cardiovascular Pathology
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I ABSTRACT |

Cyclophilin A (CyPA) is a 17 kDa, ubiquitously expressed multifunctional protein that possesses peptidylprolyl cis-trans

isomerase activity and scaffold function. Its expression is increased in inflammatory conditions including rheumatoid

arthritis, autoimmune disease and cancer. Intracellular CyPA regulates protein trafficking, signal transduction, transcription

regulation and the activity of certain other proteins. Secreted CyPA activates cardiovascular cells resulting in a variety of

cardiovascular diseases; including vascular remodeling, abdominal aortic aneurysms formation, atherosclerosis, cardiac

hypertrophy and myocardial ischemic reperfusion injury.

(JKorean Soc Hypertens 2011;17(4):133-147)
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Introduction

Oxidative stress resulting from increased reactive oxy-
gen species (ROS) formation contributes to the patho-
genesis of cardiovascular diseases. Changes in vascular
redox state are a common pathway involved in the patho-
genesis of atherosclerosis, aortic aneurysms, vascular
restenosis and ischemic reperfusion injury. ROS promotes
vascular smooth muscle (VSMC) growth in part by in-
creasing cell proliferation, hypertrophy and also inducing
apoptosis in a concentration dependent manner."” In ad-
dition, ROS modulates endothelial cells (EC) function by
multiple mechanisms including increased inflammatory

mediators and apoptosis to promote atherosclerosis.”

Received: 2011,10.13, Revised: 2011,12.14, Accepted: 2011,12,14

Correspondence to: Bradford C, Berk, MD

Address: Aab Cardiovascular Research Institute, University of Rochester, 601
ElImwood Avenue, Box CVRI Rochester, NY 14642, USA

Tel: +1-585-276-9801, Fax: +1-585-276-9830

E-mail: bradford_berk@urmc.rochester.edu

Vascular ROS formation is stimulated by secreted factors
such as Angiotensin 11 (AngII),4) shear stress,” hypoxia,6)
mechanical stress.” In recent years Cyclophilin A (CyPA)
has been described as having a key role in each of these
cardiovascular pathologies. Understanding the mecha-
nism(s) of CyPA in normal as well as diseased states is
crucial for preventing cardiovascular disease progression.

Cyclophilins (CyPs) are members of the immunophilin
family of proteins which possess peptidyl-prolyl cis-trans
isomerase (PPlase) activityg) that regulates cis-trans iso-
merization of Xaa-Pro peptide bonds and promote protein
folding and assembly of multidomain proteins. In hu-
mans, there are at least 16 homologues of CyPs. Within
the CyP family, CyPA is the most abundant and com-
prises approximately 0.1-0.6% of the total cytosolic
proteins.g) It was first purified from bovine thymocytes
and described as the intracellular binding ligand of the

immunosuppressant drug cyclosporine A (CsA).'” CyPA
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regulates diverse cellular functions including protein fold-

ing,”’lz) intracellular trafﬁcking,m signaling  trans-

19 and transcription regulationw) by its enzymatic

duction
activity as well as non-enzymatic scaffold function.
There have been several reports on the effects of CsA,
a pharmacological inhibitor of CyPA PPlase activity, on
neointima formation after balloon injury of rat or rabbit
carotid.*” However, the results from these studies are
contradictory with investigators finding that VSMC
growth and neointima formation in animals that received

2021)

CsA were increased,lg) not changed, or decreased."

Finally, a paper by Walter'” showed that CsA protected

EC from apoptosis. Clearly our data™””

suggest that
CyPA stimulates VSMC growth and promotes EC
apoptosis. Our new data using CyPA transgenic and
knockout mice substantiate a role for CyPA in neointima
formation.”” The reasons for the conflicting data are un-
clear, but may be related to CsA pharmacokinetics be-
cause its excretion is highly regulated by renal function,
and dosing varied from 5 to 50 mg/kg/day in the studies.

Despite mounting evidence that cyclophilins serve mul-
tiple intracellular and extracellular functions, surprisingly
little is known regarding their mechanisms of extracellular

action (Fig. 1). Several molecules have been proposed to

serve as extracellular receptors for cyclophilins including
CD147,”%" cD"*® syndecan-1 (for CyPB),z‘)) heparan sul-
fate proteoglycans (for CyPBY” and CD91.*” To date none
of these proteins have unequivocally been proven to me-
diate the cellular events associated with CyPA. CD147* or
extracellular matrix metalloproteinase inducer (EMMPRIN)™
is a 50-60 kD integral membrane glycoprotein that is
widely expressed. CyPA has been shown to be in-
corporated into the virions of human immunodeficiency
virus type 1 (HIV-1) and enhances HIV-1 infection via

9 We have obtained antibodies

interactions with CD147.
to CD147 and think CD147 is unlikely to be the relevant
CyPA receptor in VSMC and EC, due to low level ex-
pression, failure of CD147 antibodies to block CyPA ac-
tion, presence of CD147 on Chinese hamster ovary cells
which do not increase extracellular signal-regulated kin-
ases (ERK)1/2 in response to CyPA, and evidence that
deleting the CD147 cytoplasmic tail does not inhibit
signaling.32)

Intracellular CyPA has numerous functions including a
role as immunophilins that interact with calcineurin, com-
ponents of a caveolin-cholesterol-cyclophilin complex, and
components of the cell cycle.g) Our model for CyPA ac-

tion is cell type specific (Fig. 1). In VSMC, ROS such
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Fig. 1. Cyclophilin A (CyPA) effects on vascular smooth muscle (VSMC), endothelial cells (EC) and T

cells, VCAM—1, vascular cell adhesion molecule—1;
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as superoxide activates a pathway (involving Rho, Rho
kinase, Cdc42 and VAMP2 containing vesicles) that re-

sults in secretion of CyPA.>

CyPA stimulates at least 3
VSMC signaling pathways (ERK1/2, Akt, and JAK) that
contribute to DNA synthesis and prevent apoptosis.m In
EC, CyPA activates proinflammatory pathways including
increased expression of vascular cell adhesion molecule-1
and E-selectin.””*¥ In T cells, CyPA has been shown
to regulate calcineurin in the context of CsA treatment
and to inhibit Itk, a Tec family tyrosine kinase (Figs. 1,
2). Since Itk normally inhibits T-bet, the T helper type
1 (Th1) specific transcription factor, CyPA acts as a pos-
itive regulator of Thl profile promoting differentiation of
ThO cells into Thl lymphocytes (increased IFN—g).35)
Conversely, CyPA relatively inhibits Th2 differentiation
(less IL-4 and IL-10). In the absence of CyPA, Itk be-
comes fully active, T-bet is inhibited and there is de-
creased Thl profile (less IFN- g). A T-cell infiltrate is al-
ways present in atherosclerotic lesions. Such infiltrates
are predominantly CD4+ T cells, which recognize protein
antigens presented to them as fragments bound to ma-
jor-histocompatibility- complex class II molecules.***”

CD4+ T cells reactive to the disease-related antigens oxi-
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dized low-density lipoproteins (LDL), HSP60, and chla-
mydia proteins have been cloned from human athero-
sclerotic lesions.””® When the antigen receptor of the T
cell is ligated, an activation cascade results in the ex-
pression of a set of cytokines, cell-surface molecules, and
enzymes.

Increased CyPA expression and secretion are observed
in oxidative stress and inflammatory related conditions
including cardiovascular diseases. However the precise
mechanism of CyPA in cardiovascular diseases remains
unclear. Therefore, better understanding of CyPA func-
tion may be promising therapeutic application in pre-
vention, diagnosis and treatment in cardiovascular diseases.
In this review, we will focus on the current under-

standing of the role of CyPA in cardiovascular diseases.

CyPA as a secreted protein

CyPA is present in both the cytoplasm and nu-
cleus””*" but increasing evidence points to it also being
secreted. Sherry and colleagues first descried CyPA as a
secreted protein from macrophages.”” Conditioned me-

dium (CM) of lipopolysaccharide43’44) (a bacterial cell
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Fig. 2. Immune modulation of T cell function, (A) Th2 inhibits Th1 responses, (B) T regs regulate both
Th1 and Th2 responses. IFN, interferon; IL, interleukin; TGF, transforming growth factor,
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wall component known to activate inflammatory process)
stimulated macrophages showed a significant amount of
secreted CyPA and highly regulated migration of neu-
trophils and monocytes suggesting the important role of
CyPA in inflammatory diseases. There is also a relation-
ship between inflammation, ROS and cyclophilin released
as shown by the high CyPA levels in serum from pa-
tients with HIV, rheumatoid arthritis and sepsis.**”
Because these diseases are usually accompanied by the
generation of superoxide (O2- ) by neutrophils, lympho-
cytes, and vessel wall cells, it is possible that O2- may
stimulate CyPA secretion and expression in vivo.
Recently, we proved that CyPA was secreted from
VSMC and fibroblasts in response to ROS. ERK1/2 acti-
vation by a ROS generator, napthoquinolinedione (LY83583),
had a biphasic pattern of early (10 minutes) and late acti-
vation (120 minutes).4g) The first peak of activation was
mediated by a protein kinase C dependent mechanism™’
and the second peak which is crucial for cell cycle pro-

03D occurred after suffi-

gression and cell proliferation
cient time for de novo protein synthesis, secretion and re-
sulting autocrine or paracrine action. Therefore we inves-

tigated the secreted factors induced by ROS using se-

quential column chromatography. CM purified from
LY83583-induced VSMC and Mox1 (a super generating
homology of the phagocyte NADPH oxidase catalytic
subunit) transfected fibroblast showed abundant secretion
of CyPA. Immunodepletion of CM with CyPA antibody
inhibited conditioned medium from LY83583-stimulated
cells induced ERKI1/2 activation suggesting secreted
CyPA is important autocrine factor for the second peak
of ERKI1/2 activation.” CyPA secretion is an active
process involving vesicle transport as well as docking
and fusion at the plasma membrane™ (Figs. 1, 3). In re-
sponse to ROS, CyPA translocated to the plasma mem-
brane and colocalized with membrane fusion protein
VAMP2 for secretion. Rho kinase inhibitor Y27632,
dominant negative Rho GTPase, myosin II light chain in-
hibitor blebbistatin, actin polymerization agent jasplakino-
lide and depolymerization agent cytochalasin D inhibited
CyPA membrane translocalization and secretion suggest-
ing that CyPA secretion required the Rho GTPase - my-
osin II - actin remodeling pathway. Angll increased ROS
production by regulating NADPH oxidase in smooth
muscle cell.*>* Angll is an important ROS inducer in

cardiovascular diseases. We showed that Angll-induced
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Fig. 3. Mechanism of cyclophilin A (CyPA) regulation on cardiovascular cells, ROS, reactive oxygen
species; VSMC, vascular smooth muscle; EC, endothelial cells,
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CyPA secretion is inhibited by Rho kinase inhibitor sug-
gesting important role of Rho GTPase pathway in
Angll-induced CyPA secretion.>” Furthermore increased
ROS production in glutathione peroxidase-deficient smooth
muscle cells caused CyPA secretion providing further
evidence that ROS is a mediator of CyPA secretion.”

Besides secretion from VSMC, CyPA is secreted by
other cardiovascular cells under oxidative stress conditions.
Lipopolysaccharide treated human endothelial cells se-
creted CyPA in a time and dose dependent manner with-
out decreasing cell viability suggesting that CyPA is se-
creted by an active process.56) Hypoxia followed by reox-
ygenation sequentially activated mitogen-activated protein
kinase (MAPK) signaling pathway in cardiac myocytes.57’58)
This signaling cascade regulates gene expression for cy-
tokines, growth factor and cell adhesion in cardiomyocytes.
Interestingly CM from hypoxia- reoxygenation induced
cardiomyocytes showed a significant amount of CyPA

) Moreover recombinant human CyPA in-

secretion.”™
creased activation of ERK, p38MAPK, stress-activated
protein kinases and Bcl-2 expression. Together, these da-
ta indicate the significant role of extracellular CyPA in
the activation of cardiovascular cells.

Recently data from our lab using ApoE " mice showed
CyPA was secreted from cardiac fibroblasts under oxida-
tive stress conditions. Angll induced secretion of sig-
nificant amounts of CyPA from ApoE " cardiac fibro-

59)

blast,”” further indicating that CyPA is secreted by an ac-

tive mechanism under oxidative stress conditions.

CyPA and posttranslational modification

The wide tissue distribution of CyPA, together with its
high degree of conservation throughout evolution, sug-
gests an essential role in cellular function. There are
many types of post-translational modification of proteins,

which can affect a protein’s function, stability, degrada-
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tion and/or ability to interact with other proteins. CyPA
is modified by several chemical groups in response to
many different stimuli. Stimulation of chemokine re-
ceptor CXCR4 mediated phosphorylation of CyPA in
HEK293T cells.*” There is substantial data that ROS
stimulates formation of acetylated CyPA (Acyl-CyPA).
Following oxidative stress, CyPA underwent gluta-
thionylation on Cys52 and Cys62 residues that induced
structural changes resulting in regulation of T cell
function.®” Glutathionylated CyPA was also observed in
oxidatively stressed hepatocytes and hepatoma cells.®”
Furthermore in the mouse model for amyotrophic lateral
sclerosis, in which oxidative stress is induced (by mutat-
ing SODI to make it inactive), acyl-CyPA was highly
expressed.&) Most importantly Lammer et al.” demon-
strated an important functional role for Acyl-CyPA in de-
creasing the pathogenicity of HIV. However, the role of
post-translational modification of CyPA in cardiovascular

pathology remains unclear and needs to be addressed.

CyPA and cardiovascular diseases

Many cardiovascular diseases initiate as increased oxi-
dative stress and inflammation. The preceding sections
have highlighted the importance of CyPA as an oxidative
stress and inflammatory related protein. Using genetically
modified mice deficient for CyPA expression, we and
others have demonstrated its important role in vascular
remodeling, abdominal aortic aneurysms (AAA) formation,
atherosclerosis, cardiac hypertrophy and myocardial is-

chemic reperfusion injury.

1. CyPA and vascular remodeling

Vascular remodeling is a consequence of the interaction
between endothelial cells and vascular smooth muscle
cells in response to hemodynamic changes.64'66) Smooth

muscle cell proliferation, migration and collagen syn-
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thesis are the key players in neointima formation which
determines intima-media thickening of the vascular
wall.”7" Accumulating evidence suggests that oxidative
stress and inflammation are strongly correlated with neo-
intima formation and vascular remodeling.72'75) Alternation
in blood flow, growth factors and cytokines are important
factors regulating oxidative stress and inflammation in
neointima formation.”**” Oxidative stress causes VSMC
growth and proliferation by regulating intracellular sec-
ond messengers and downstream signaling pathways such
as mitogen activated protein kinase, protein tyrosine kin-
ase and phosphatase.49’8l'g6)

Interestingly, CyPA has been reported as an autocrine
growth factor in VSMC.? Secreted CyPA from LY-in-
duced conditioned medium and human recombinant
CyPA stimulated activation of ERKI1/2, Janus kin-
ases/signal transducers and activators of transcription
(JAK/STAT) as well as promoting DNA synthesis. These
data suggest an important role for CyPA in MAPK kin-
ase pathway signaling in rat aortic smooth muscle cell

1.5” showed that recombinant

growth. Moreover Yang et al
CyPA increased the proliferation of human aortic smooth
muscle cells (HAoSMC) and human lung microvascular
endothelial cells (HMVECs-L) but not human coronary
artery endothelial cells (HCAECs). Of note, CyPA sig-
nificantly increased gene expression of CD147 (CyPA re-
ceptor) and vascular endothelial growth factor receptor-2
(VEGFR-2) in HAoSMC as well as endothelin-1 and
vascular endothelial growth factor receptor-1 (VEGFR-1)
in HMVECs-L.*” Therefore CyPA plays a significant
role in the regulation of cell proliferation and growth.
In balloon injured rat carotid artery, CyPA protein ex-
pression was dramatically increased with a time course
that parallelled neointima formation.”” We next inves-
tigated the finding of increased CyPA expression and its

contribution in neointima formation by using genetically
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modified CyPA knockout (Ppi a’/') and mice that over ex-
pressed CyPA specifically in VSMC (VSMC-Tg).”
Obviously Ppia"' mice prevented carotid ligation induced
neointima formation whereas VSMC-specific over ex-
pressed CyPA dramatically enhanced neointima thickening.
Additionally, CyPA expression was significantly in-
creased in ligated carotid artery. CyPA secretion, VSMC
proliferation and migration were correlated with CyPA
expression level. These results suggested that chronic in-
jury enhanced CyPA secretion and expression which pro-
moted VSMC growth and neointima formation. ERK1/2
activation in WT-ligated artery was inhibited in Ppia'/'
carotid artery suggesting intracellular CyPA can regulate
cell growth and proliferation by regulating gene ex-
pression of mitogenic proteins. Moreover, CyPA induced
ERK1/2 activation in monocytes/macrophages,” leuko-
cytes” and cancer cells.”” Additionally, in HEK293T
cells, CXCL12 stimulated phosphorylation of CyPA which
induced nuclear translocation of ERK1/2 where it acti-
vated many transcription factors.*” Moreover the role of
intracellular CyPA in regulation of protein expressions
were described in somewhere as.””” Taken together all
these data indicate significant roles for both extracellular
and intracellular CyPA in growth and proliferation of
cells of the cardiovascular system.

Cell migration is a complex process of cytoskeletal re-
organization, cell membrane protrusion and matrix
adhesion.” Cytokines and growth factors such as mono-
cyte chemoattract protein-1, platelet derived growth fac-
tor are important chemotactic factors for cell migration.
It has been reported that CyPA has strong chemotactic
activity for neutrophils, eosinophils and monocytes.%’97)
Surprisingly, Angll-induced secretion and expression of
cytokines and ckemokines from VSMC were dramatically
inhibited in Ppi a’ in compared with WT mice™ suggest-

ing CyPA may regulate cell migration by enhancing syn-



thesis and secretion of chemotactic factors. It is also pos-
sible that secreted CyPA directly binds with CyPA re-

ceptor on the target cells.

2. CyPA and Angli-induced abdominal aortic
aneurysm formation
The weakening, dilation and occasionally rupturing of
the vessel wall characterize AAA. The key mechanisms
of AAA development include chronic inflammation of

. 98 . . 99-101
aortic wall, ) oxidative stress, )

increased local pro-
duction of proinflammatory cytokines and increased ac-
tivities of Matrix Metallloproteinases (Ml\/[Ps).m) AAA
development and rupture depend on VSMC-derived
MMP2'® and macrophage derived-MMP9'® which are
activated by membrane type-1 MMP (MT1-MMP).'”
Angll is an important growth factor for the production of
ROS,™ generation of inflammatory cytokines,lOG’W) and
the secretion and activation of MMPs.'™ It is well docu-
mented that MMP expression and activation are strongly

dependent on ROS'"!?

indicating the crucial role of ox-
idative stress in Angll-induced AAA development and
progression. To understand the role of the proin-
flammatory mediator CyPA in AAA formation, ApoE
and CyPA double knockout mice (DKO; ApoE '/'Ppia'/')
were infused with Angll (1,000 ng/min/kg for 28 days).
We found that Angll-induced AAA formation was sig-
nificantly reduced in DKO mice compared to ApoE -
controls with a concomitant increase in survival rate.
Deletion of CyPA prevented Angll-dependent ROS pro-
duction and pro-MMP2 activation/secretion in VSMC
suggesting that CyPA was crucial for ROS and MMP2

regulation in AAA development.™”

3. CyPA and atherosclerosis

Atherosclerosis, chronic inflammation of medium and

large arteries, leads to serious complications of car-
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diovascular diseases including acute myocardial infarction,
aneurysm formation and stroke.''™""® Atherosclerosis is
initiated by the activation of EC leading to expression of
adhesion molecules for inflammatory cells.” In addition,
these activated EC facilitate the passage of lipid compo-

D A critical element

nents in the plasma, such as LDL.
in the progression of atherosclerosis is the development
of an oxidizing environment due to the activation of mac-
rophages that become loaded with oxidized LDL and oth-
er lipids. These macrophages produce ROS and secrete
cytokines and growth factors that contribute to the pro-
gression of atherosclerotic plaques and promote vulner-
able lesions.'"” Proinflammatory cytokines such as tumor
necrosis factor-o. (TNF-a) causes activation of in-
flammatory and apoptosis signaling pathways resulting in
endothelial cell apoptosis.”'"'® We have shown that ex-
tracellular CyPA activated the MAPK pathway and
NF-KB, cell adhesion molecules expression as well as
apoptosis in endothelial cells.” These results suggest that
extracelluar CyPA is a cytokine that functions similar to
TNF-o. Interestingly Kim et al.”® showed that CyPA pro-
moted both proliferative and apoptotic pathways in endo-
thelial cells depending on its concentration. At low con-
centrations, CyPA increased EC proliferation and
angiogenesis. In contrast high concentrations of CyPA
decreased EC viability and increased Toll Like
Receptor-4 expression. Under hypoxic conditions, CyPA
expression was increased by a Hypoxia-inducible factor-1
regulated mechanism.""” This suggests that CyPA is in-
volved in different processes during atherosclerosis
formation. Hypoxia-induced angiogenesis inside athero-
sclerotic lesion is caused by low concentrations of CyPA
that are secreted in the early stages of atheroma formation.
Further atheroma formation leads to increased hypoxic

conditions resulting in more CyPA expression and

secretion. This high concentration of secreted CyPA from
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EC, VSMC and macrophages leads to endothelial cell
apoptosis or death and ultimately thrombosis complication.

Substantial studies from our lab using high fat diet in-
duced atherosclerosis formation in APOE * versus ApoE -
Ppia4‘ mice revealed that CyPA regulates atherosclerosis
in several ways.'"" Decreased lipid uptake as seen in
ApoE - Ppia* aorta was the result of CyPA regulation
on scavenger receptors including lectin-like oxidized
low-density lipoprotein receptor, CD36 and scavenger re-
ceptor class B member 1 expression on the vessel wall.
In addition CyPA inhibited eNOS expression, an im-
portant regulator of NO production for vascular homeo-
stasis,” by suppression of the key transcription factor
Kruppel-like factor 2 (KLF-2). This suggests that intra-
cellular CyPA is also an important mediator of athero-

sclerosis by regulating gene transcription.

4. CyPA and cardiac hypertrophy

Cardiac hypertrophy is a fundamental response of car-
diac cells to common clinical disorders such as arterial
hypertension, valvular heart disease, myocardial infarction,
cardiomyopathy, and congenital heart discase.'” Angll
plays a key role in many physiological and pathological
processes in cardiac cells, including cardiac hypertrophy.lzo)
Therefore, understanding the molecular mechanisms re-
sponsible for Angll-mediated myocardial pathophysiology
will be critical to developing new therapies for cardiac
dysfunction.m) One important mechanism now recog-
nized to be involved in Angll-induced cardiac hyper-
trophy is ROS production,m’m) but the precise mecha-
nism by which ROS cause hypertrophy remains unknown.
Our recent study provides strong mechanistic evidence of
synergy between CyPA and Angll to increase ROS
generation.54) Since ROS stimulate myocardial hyper-
trophy, matrix remodeling, and cellular dysfunction,"”

we tested the hypothesis that CyPA enhances Angll-in-
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duced cardiac ROS production, and therefore cardiac
hypertrophy. To examine the involvement of CyPA in the
process of the cardiac hypertrophy, we used the Angll-in-
fusion approach, a well-established mouse model to study
cardiac hypertrophy. In contrast to ApoE " mice, ApoE -
Ppia_/_ mice exhibited significantly less Angll-induced
cardiac hypertrophy. CyPA secretion from cardiac fibro-
blasts isolated from ApoE - Ppia_’_ mice was dramati-
cally less compared to ApoE “~ fibroblasts when stimu-
lated with Angll.

CyPA has important roles in the immune system and it
is a well described regulator of T lymphocyte functions."”
It is relevant to note that the primary sources of CyPA
responsible for cardiac hypertrophy were likely cells in
the heart and not inflammatory cells, because trans-
plantation with Ppia+/+ bone marrow cells still caused
less cardiac hypertrophy in ApoE - Ppia* compared to
ApoE “ mice. We demonstrated that Angll-induced fib-
rosis and bone marrow-derived cell migration were much
more pronounced in the perivascular region than in the
myocardial interstitial space, findings consistent with re-
cent reports.lzs) These data suggest the importance of car-
diac CyPA for recruitment of bone marrow-derived cells
to perivascular tissues to create an environment that is

pro-hypertrophic.

5. CyPA and myocardial ischemic reperfusion injury

Reperfusion therapy by coronary angioplasty or throm-
bolysis for acute myocardial ischemia (AMI) patients
causes serious complications called ischemic/reperfusion
injury (I/R injury) in which reversible ischemic tissue
changes to irreversible tissue injury.126'128) It has been re-
ported that increased ROS production in I/R injury by
coronary EC and circulating phagocytes enhance degrada-
tion of NO and expression of adhesion molecules in EC,

resulting in inflammatory cell recruitment to injuried



tissue.”"*> CyPA has been recognized as a proin-

22,56,118
) and re-

flammatory cytokine which activate EC
cruits inflammatory cells suggesting it is an important
mediator of cardiovascular diseases associated with EC
dysfunction and inflammation such as IR injury. Seizer et

al."™”

showed that CyPA and CD147 expression was in-
creased in the heart tissues of AMI patients as well as in
the left anterior descending artery ligation induced I/R
mice model. Neutrophil and monocyte infiltration into
cardiac tissues were significantly inhibited in CyPA-/-
mice compared to the control group. Moreover monocyte
migration induced by cardiac-derived CyPA and exoge-
nous CyPA was inhibited by anti-CD147 pretreatment
suggesting extracelluar CyPA was important for in-
flammatory cell recruitments in I/R injury. However the

role of CyPA in EC dysfunction in I/R injury remains

unclear and needs to be further elucidated.

Conclusion

This review has described numerous in vivo and in vi-
tro studies that have revealed that CyPA is an important
mediator of cardiovascular diseases. Importantly secreted
CyPA is a proinflammatory cytokine which activates car-
diovascular cells involved in different aspects of the dis-
ease process. Therefore inhibition of CyPA secretion
and/or its binding to target receptor will be a promising
therapy for prevention and treatment in cardiovascular
diseases. Oxidative stress and inflammation are pivotal to
cardiovascular dysfunction and CyPA is a key molecule
in their formation. The better understanding of ROS de-
pendent CyPA function (e.g., posttranslational mod-
ification of CyPA) as well as CyPA regulated ROS pro-
duction will hopefully provide an increased number of
specific therapeutic targets for controlling cardiovascular

pathology in the future.
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