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The endothelial cell annexin A2 system and vascular fibrinolysis
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Abstract. Vascular endothelial cell surface expression of annexin A2 and its binding partner p11 is a key
element in maintaining fibrinolytic balance on blood vessel surfaces. In the recent decade, investigators
have made significant progress toward understanding the mechanisms that regulate heterotetrameric
(A24p11)? receptor translocation from the cytoplasm to the outer cell surface. Accumulating evidence
now shows that heterotetrameric (A2ep11)? cell surface expression is a dynamic process that modu-
lates plasmin activation during periods of vascular stress or injury, and is independent of the classical
endoplasmic reticulum-Golgi pathway. Translocation of heterotetrameric (A2¢p11)? is facilitated both
by src-kinase mediated phosphorylation of A2 at tyrosine 23, and by expression of and partnering with
p1l. In the absence of A2 both in vivo and in vitro, p11 is expressed at very low levels in endothelial cells,
because unpartnered p11 is polyubiquitinated and rapidly degraded through a proteasome-dependent
mechanism. A2 directly binds and stabilizes intracellular p11 by masking an autonomous polyubiqui-
tination signal on p11. This modulatory role of A2 binding prevents accumulation of unpartnered p11
within the endothelial cell, and ultimately suggests that the regulation of heterotetrameric (A2+p11)?

receptor surface expression is precisely attuned to the intracellular level of p11.
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Introduction

The fact that plasma contains one system designed to clot
blood and another to dissolve thrombi is one of the teleologic
wonders of vascular biology (Ratnoff and Forbes 1984).
Following vessel injury, the coagulation cascade is activated
and generates thrombin, which converts soluble fibrinogen
into insoluble fibrin. Upon vessel healing, the process of
fibrinolysis begins, whereby, the sequential activation of spe-
cific proteases culminates in production of plasmin, which
cleaves fibrin into soluble, defined degradation products,
and restores vascular patency.

In the last century, the principal fibrinolytic molecules,
plasminogen, tissue plasminogen, and urokinase, were iden-
tified, cloned, and studied in genetic mouse models (Hajjar
2009). From the work of many investigators, it is now clear that
plasminogen, an inactive zymogen, circulates in blood and can
be converted to plasmin by either of two physiologic activators,
tissue plasminogen activator (tPA) or urokinase (uPA). tPA is
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a secretory product of endothelial cells, while uPA is produced
by renal epithelial cells or by endothelial cells stimulated by
inflammatory cytokines (Wojta et al. 1989). Upon resolution
of vascular injury, these agents dissolve mature blood clots,
or thrombi, renewing the flow of blood.

Until the middle of the 20" century, fibrinolysis was
thought to be confined to the surface of fibrin-containing
thrombi. In 1964, however, Todd observed that fibrin gels
applied directly to fresh tissue sections displayed zones of
protein lysis that were specifically localized to blood vessels,
and required the integrity of the endothelium (Todd 1964).
Our research group has focused on vascular fibrinolysis, the
generation of plasmin activity in the vicinity of the blood
vessel wall, postulating that small amounts of this activity
may protect the blood vessel from fibrin accumulation result-
ing from subliminal injury. We have hypothesized that cell
surface receptors enable vascular fibrinolysis by providing
a micro-environment that localizes and protects fibrinolytic
activity. The relevant receptors include the urokinase recep-
tor (uPAR), which appears to be preferentially expressed
on migrating endothelial cells (Pepper et al. 1993), and the
annexin A2 complex, which is expressed on both resting
and activated endothelial cells (Cesarman et al. 1994; Hajjar
et al. 1994).
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The endothelium and vascular fibrinolysis

Collectively, endothelial cells (ECs) constitute the vascular
endothelium, a “distributed organ” whose functional prop-
erties are versatile and specific to individual organ systems
(Gimbrone 2007). The endothelium’s intimate association
with flowing blood allows it to participate dynamically in
modulating secreted activity, selective permeability, and
thromboresistance (Altschul 1954; Gimbrone 1980; Gim-
brone 2007). ECs are heterogeneous in terms of their
structure, protein synthetic repertoire, and response to en-
vironmental stimuli (Augustin et al. 1994; Cines et al. 1998;
Durr et al. 2004; Furchgott and Zawadzki 1980; Garlanda
and Dejana 1997; Gimbrone 1995; Gimbrone et al. 1993;
Hajjar 2006; Oh et al. 2004). In regulating hemostasis, ECs
possess both antiplatelet properties, through production of
nitric oxide (NO) and prostacyclin (PGI,), and anticoagulant
properties, through expression of thrombomodulin and the
endothelial protein C receptor (Hajjar et al. 2001).

The fibrinolytic properties of endothelial cells are complex.
Although the endothelium appears to be the major source of
tPA in blood, tPA expression in vivo appears to be restricted
to the microvasculature in specific anatomic locations (Hajjar
et al. 2001), and is subject to stimulation by desmopressin
(1-deamino-8-D-arginine vasopressin, DDAVP), bradyki-
nin, endothelin, hyperoxia, and thrombin (Diamond et al.
1989; Dichek and Quertermous 1989; Kooistra et al. 1987;
Levin et al. 1989). uPA and its receptor, on the other hand,
are not highly expressed by resting endothelium, but are
stimulated by inflammatory cytokines, during wound repair,
and in physiologic angiogenesis (Bacharach et al. 1992; Pep-
per et al. 1993). Similarly, the physiologic inhibitor of both
tPA and uPA, plasminogen activator inhibitor-1 (PAI-1),
is expressed minimally by quiescent ECs, but increases in
response to angiogenic or inflammatory cytokines. Finally,
thrombin bound to the integral endothelial membrane
protein, thrombomodulin, can activate a protein called
thrombin-activatable fibrinolysis inhibitor (TAFI), which,
as a carboxypeptidase, removes C-terminal Lys and Arg
residues, the primary PLG and tPA binding sites on fibrin
and many receptors (Bajzar et al. 1996). Thus, the endothelial
cell is equipped with a number of mechanisms for regulating
vessel associated fibrinolytic activity.

Endothelial cell receptors in vascular fibrinolysis

Plasminogen Receptors

Plasminogen (PLG) receptors are a diverse group of proteins
expressed on a wide array of cell types (Miles et al. 2005).
The most widely recognized PLG receptors include a-enolase
and histone H2B on monocytoid cells, glycoprotein IIb/IIIa

complex on platelets, the Heymann nephritis antigen on
renal epithelial cells, amphoterin on neuroblastoma cells,
and annexin A2 (A2)/protein p11 on ECs (Barnathan et al.
1988; Das et al. 2007; Hajjar 1991; Hajjar and Hamel 1990;
Kanalas and Makker 1991; Miles et al. 1991; Miles et al. 1986;
Parkkinen and Rauvala 1991). These binding proteins com-
monly possess a C-terminal Lys residue, either in the native
state, or upon proteolytic processing, which allows them to
interact with the lysine-binding “kringle” domains of PLG
(Das et al. 2007; Miles et al. 1991). Receptor mediated bind-
ing of plasminogen serves first to protect plasmin (PN), once
ithas been activated, from its principal circulating inhibitor,
a2-antiplasmin, and secondly to concentrate PN activity at
the cell surface (Hajjar and Francis 2006).

UPAR

uPA is expressed by ECs, as well as monocytes, macrophages,
fibroblasts, and a variety of tumor cells (Cines et al. 1998).
While uPA appears to be absent in quiescent endothelium
(Cines et al. 1998; Wojta et al. 1989), it is present in ECs
involved in wound repair or angiogenesis. This is consistent
with the hypothesized importance of uPA in cell migration
and tissue remodeling (Cines et al. 1998; Wojta et al. 1989).
uPAR, a three-domain protein linked to cell surfaces by
a glycerophosphatidyl inositol (GPI) anchor (Cines et al.
1998), binds uPA and activates PLG. While uPA appears to
contribute to vascular hemostasis, since mice genetically de-
ficient in uPA show fibrin deposition in tissues (Carmeliet et
al. 1994), uPAR has yet to be shown to participate in baseline
hemostasis, since mice lacking uPAR develop normally and
do not exhibit spontaneous vascular occlusion. uPAR may
be important for vascular repair, however, since it may be ex-
pressed mostly on the surface of migrating ECs participating
in angiogenesis, rather than on quiescent ECs lining normal
vessels (Bugge et al. 1996; Pepper et al. 1993).

The (A2p11)? receptor complex

The annexins are a family of Ca>* regulated, phopholipid-
binding proteins, characterized by the unique architecture of
their Ca%* binding sites (Gerke et al. 2005). These structures
enable the annexins to interact with anionic membrane
phospholipids in their Ca>*-bound conformation, a property
that appears to link many annexins to a range of membrane-
related events, such as exocytosis, endocytosis, and the regu-
lation of ion fluxes across membranes. Some annexins pair
with members of the $100 family of Ca?*-binding proteins,
which appear to modulate their function.

Protein p11, a member of the S100 family (S100A10), con-
tains two EF hand motifs, structures consisting of two nearly
perpendicular a-helices flanking a roughly 12-residue loop.
EF-hand proteins usually bind to cellular targets, in response
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to changes in Ca®* concentration (Gerke et al. 2005). p11,
however, is an exception to the Ca?" activation rule, since
it permanently assumes a “Ca>*-on” conformation and can
readily target A2 subunits. Consequently, partnering of p11
appears to be regulated mainly by the concentration of each
binding partner, rather than by Ca®" ion fluxes (He et al.
2008). In ECs, an increase in intracellular Ca®* is predicted
to mobilize (A2ep11)% complexes to the inner surface of the
plasma membrane (Thiel et al. 1992).

The function of A2 in fibrinolysis was discovered by
members of our lab while seeking the EC surface receptor for
PLG and tPA (Hajjar et al. 1994). In 1986, we reported for the
first time that PLG could bind directly to cultured ECs with
high affinity (K4 300 nM) and specificity (Hajjar et al. 1986).
We later found that the circulating form of PLG, N-terminal
glutamic acid-plasminogen (Glu-PLG), was converted to
a more readily activated form (N-terminal Lys-PLG) upon
binding to ECs (Hajjar et al. 1986). These findings identified
the EC surface as a profibrinolytic microenvironment. We
subsequently discovered that PLG binding to human ECs
could be inhibited in the presence of lipoprotein(a) (Lp(a)),
a highly atherogenic lipoprotein particle whose apoprotein,
apoprotein(a), is structurally homologous to PLG (Hajjar
et al. 1989); these data implicated Lp(a) in atherogenesis
through inhibition of EC surface fibrinolysis.

In 1987, we reported the first demonstration that tPA
could bind to cultured human ECs at two independent sites
with Kd’s of 29 pM and 18 nM (Hajjar et al. 1987). The higher
affinity site had characteristics of the physiologic plasmino-
gen activator inhibitor type 1 (PAI-1), and could be blocked
by uPA. The lower affinity site, on the other hand, appeared
to be novel. Ligand blotting of an EC plasma membrane
protein fraction revealed an approximately 40-kDa protein
that bound tPA, but not uPA, thus distinguishing it from
PAI-1 and uPAR (Hajjar and Hamel 1990). The protein was
subsequently isolated from human placental membranes
and shown, in both this preparation and in an EC mem-
brane fraction, to interact specifically with both tPA and
its substrate, PLG (Hajjar 1991). These findings suggested
a common EC surface binding protein for tPA and PLG,
somewhat reminiscent of fibrin.

Our identification of the tPA-PLG binding protein
emanated from amino acid sequence analysis, which re-
vealed a 100% match with residues 29-46 of annexin A2,
then known as “annexin II” (Hajjar et al. 1994). In further
investigations, antibody directed at authentic A2 blocked
~50% PLG and tPA binding to human ECs, and A2 anti-
sense oligonucleotides blocked 50 and 40% of tPA and PLG
binding to these cells, respectively. In addition, treatment
of A2 with carboxypeptidase B (CPB) eliminated its abil-
ity to bind PLG, thus implicating a C-terminal Lys or Arg
residue. Mutation of Lys307 to Ala specifically eliminated
PLG binding as well, suggesting that PLG binding to A2

required a proteolytic processing event to liberate Lys307
at a new C-terminus.

In a companion study, native annexin A2 purified
from human placenta bound tPA, PLG, and PN saturably
(Cesarman et al. 1994). This A2 preparation increased the
catalytic efficiency (k.. /Kyy,) of tPA-dependent PLG activa-
tion by ~60-fold, but had no effect on uPA activation of
PLG. The catalytic effect of A2 disappeared in the presence
of the Lys analog e-aminocaproic acid, or by treatment of
A2 with CPB, again implicating an interaction between a C-
terminal Lys or Arg of A2 and a Lys binding domain of PLG.
These experiments raised the possibility of a C-terminal Lys
residue for PLG binding, and demonstrated the fibrin-like
cofactor-like behavior of A2 with respect to tPA-dependent
PLG activation.

In follow-up studies, we explored the mechanism by
which A2 interacted with the EC surface (Hajjar et al. 1996).
A2 was biosynthetically labeled by cultured human ECs
incubated with 3°S-radiolabeled methionine, indicating
direct synthesis by these cells. Moreover, in the presence
of Ca®*, but not other divalent cations, both recombinant
and native A2 showed high affinity, equilibrium binding
to cultured ECs (Kgq ~ 50 nM). This binding could be out-
competed by phosphatidylserine (Ptd-L-Ser)-containing
vesicles, by peptides mimicking the annexin A2 repeat 2,
or upon mutation of the Asp'®! residue that coordinates
with the annexin repeat (Lys-Gly-Leu-Gly-Thr) sequence.
Together, this study showed that the interaction of A2 with
the EC surface involved both the Ca?*-dependent, anionic
phospholipid-binding repeat 2 of A2, and Ptd-L-Ser moieties
within the plasma membrane.

The tPA-binding domain of A2 was examined separately
(Hajjar et al. 1998). While PLG bound only to native A2,
suggesting the need for a proteolytic processing event to
reveal a C-terminal Lys or Arg, tPA bound to both native
and recombinant forms. Unlike full-length A2, however, the
core fragment of A2 failed to compete for binding of tPA to
tull-length A2, thus implicating the N-terminal tail domain
in this interaction. Indeed, residues Leu’-Cys3-Lys’-Leu!°-
Ser!l-Leu'?, and larger peptides containing this fragment,
specifically blocked binding of tPA to A2. Mutation of Cys®,
but neither Cys!3, Cys?*, nor Cys*>® prevented binding
of tPA to A2; further implicating the N-terminal region.
Interestingly, when A2 was incubated in a purified protein
system with the atherothrombotic amino acid, homocysteine
(HC), A2 was modified by HC. This treatment blocked the
ability of tPA to bind to A2. Finally, incubation of cultured
ECs with 3°S-HC led to metabolic labeling of A2 that was
sensitive to protein reduction, suggesting a disulfide-medi-
ated association between Cys® and HC. These data revealed
a binding domain for tPA in the N-terminal tail of A2, and
showed its susceptibility to modification by HC, an agent
highly associated with atherothrombotic vascular disease.
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Based upon these data, our working model has postulated
that both PLG and tPA interact with A2 within the (A2¢p1 1)?
heterotetrameric complex at the EC surface. Our model
suggests further that this assembly augments the catalytic ef-
ficiency of plasmin activation by 1-to 2-log orders-of-magni-
tude. The model predicts that the A2ep11 system contributes
to blood vessel patency, i.e. that gain-of-function would lead
to hemorrhage, and that loss-of-function would lead to vas-
cular thrombosis. To test this hypothesis, we have carried out
a series of studies both in vitro and in vivo. Using homologous
recombination, we created a mouse globally deficient in A2,
and discovered that it displayed both fibrin accumulation,
mainly in microvessels, and defects in angiogenesis (Ling
et al. 2004). Interestingly, these animals, in retrospect, also
expressed very low levels of p11. In humans, overexpression
of A2 in blast cells from patients with acute promyelocytic
leukemia correlated with hyperfibrinolysis and hemorrhage
(Menell et al. 1999). In patients with antiphospholipid syn-
drome, on the other hand, we found high titers of anti-A2
IgG that were associated with major thrombotic episodes.
Additionally, in vascular injury models, A2/~ mice exhibited
an increase in the degree of thrombotic vascular occlusion,
compared to basal conditions, with an equivalent decrease
in blood flow recovery. In rats, treatment with recombinant
A2 counteracted the onset of carotid artery thrombosis (Ishii
et al. 2001), and reduced cerebral infarct size secondary to
increased cerebral blood flow after induced embolic stroke
(Tanaka et al. 2007). Taken together, these findings support
our hypothesis that the annexin A2 system functions to
promote vascular fibrinolysis.

Additional studies have suggested that the proenzymatic
activity of (A2op11)2 is not limited to ECs. Annexin A2
supports macrophage matrix invasion and degradation
(Falcone et al. 2001). Moreover, monocytes, the major A2-
expressing cells in circulating blood, express cell surface
A2, and augment its expression upon differentiation into
macrophages (Brownstein et al. 2004). Annexin A2 appears
to support neuritogenesis of PC12 cell in vitro (Jacovina
etal. 2001). In chick embryo, A2 promotes epithelial mes-
enchymal transformation during heart development by
enabling plasmin-mediated activation of transforming
growth factor 83 (Krishnan et al. 2004). These data, there-
fore further suggest that the A2ep11 system facilitates the
directed migration and/or remodeling of a spectrum of
cell types.

Primary binding sites for plasmin generation

With regard to alternative models for Plg and tPA binding
to the (A2ep11)? complex, another group has investigated
these interactions. In 1998, it was reported that, while re-
combinant A2 tetramer (A2t) stimulated tPA-dependent

PLG activation, it inhibited plasmin-mediated fibrinolysis
in a purified system (Choi et al. 1998). This latter inhibi-
tory effect was attributed to the in vitro observation of PN
inactivation by autoproteolysis (Fitzpatrick et al. 2000). The
same group reported that A2 binds PN, but not PLG (Ma-
cLeod etal. 2003), suggesting that p11, rather than A2, is the
true binding site relevant to PN generation. It was further
reported that, in a purified protein system, recombinant
protein pl1, which has a Lys-Gly-Lys-Lys sequence at its
C-terminus, binds both tPA and PLG through Lys binding
sites, whereas recombinant A2 monomer does not (Kassam
et al. 1998).

While our group has not examined interactions between
PLG and p11 directly, it seems quite possible that p11 could
serve as a cellular PLG binding site under some circum-
stances. With regard to A2 binding of PLG, however, it is
important to note that the studies cited above do not take
into account our previous work showing that proteolytic
processing of A2 appears to expose C-terminal Lys residues,
converting A2 into a PLG-binding protein. This possibility
has been reiterated in a study from a third group in which
the authors found that, in addition to a-enolase and his-
tone 2B, both A2 and p11 could serve as PLG receptors
in murine and human macrophage-like cells (Das et al.
2007). While binding of PLG to purified, recombinant A2,
required cleavage of the recombinant protein by trypsin,
intact cells showed colocalization of PLG and A2 by confocal
microscopy. These authors demonstrated further that this
association was sensitive to carboxypeptidase B, indicating
that proteolytic processing of A2 had already occurred. These
data emphasize that A2 is processed to a PLG-binding form
at the surface of monocytoid cells and perhaps other cells
as well, and that data generated from recombinant proteins
in purified systems may not reflect their full behavior in the
cellular context.

Regulation of (A2¢p11)? endothelial cell surface expres-
sion

Though there is a spectrum of evidence supporting the
central role of the A2 system in fibrinolysis, the mechanisms
governing A2 cell surface expression have only recently been
addressed. It is now clear that the regulation of heterote-
trameric (A2ep11)? cell surface expression is governed by
intracellular signaling pathways that respond to changes in
the extracellular environment. Key factors that influence EC
surface expression and function of (A2ep11)? are oxidative
stress (Rowan et al. 2002; Sullivan et al. 2000), heat stress
(Deora etal. 2004), and thrombin stimulation (Bhattacharjee
et al. 2008; Peterson et al. 2003).

Under oxidative stress, A2 becomes more susceptible to
the incorporation of prothrombic amino acid homocysteine
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(HC) (Hajjar and Jacovina 1998). In the presence of mid-to-
high micromolar HC, there appears to be reduced EC surface
potential for tPA-dependent PLG activation due to blockade
of tPA binding to A2 by derivatization Cys® within the N-tail
domain of annexin A2 (Hajjar 1993; Hajjar et al. 1998). This
hypothesis was recently confirmed in vivo in mice with diet-
induced hyperhomocysteinemia; in these mice A2 was shown
to be derivatized by HC, with concomitant failure of the profi-
brinolytic and proangiogenic activities of (A2ep1 1)? (Jacovina
etal. 2009). In this situation, the stress-associated modification
of A2 alters the properties of the protein (Gerke et al. 2005)
and impairs the function of the (A2+p11)? complex.

On the other hand, our group has also shown, that
temperature-stress stimulates translocation of A2 to the
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EC surface, increasing the potential for plasmin generation
(Deora et al. 2004). Deora et al. injected GFP-tagged A2
c¢DNAs into human ECs, and noted that when the injected
cells were exposed to a brief increase in temperature (42° C),
there was a doubling or tripling of the cell surface expression
of A2. This process required both tyrosine phosphorylation
of A2 and the presence of protein pll. Interestingly, ECs
treated with the protein synthesis inhibitor, cyclohexamide,
exhibited enhanced, rather than repressed, translocation at
both 37° C and 42° C. There was no change in steady-state
mRNA levels during heat stress (Deora et al. 2004). In an
additional experiment, HUVECs treated with brefeldin A,
a drug that disrupts the endoplasmic reticulum (ER)-Golgi
complex did not decrease the ability for A2 to be expressed
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Figure. A working model for heterotetrameric (A2+p11)? complex formation and translocation to the cell surface. (A2¢p11)? cell sur-
face translocation and activation is independent of the endoplasmic reticulum (ER)-Golgi pathway (outlined in grey). Unpartnered p11
monomers (yellow) within the cell are polyubiquitinated and degraded by the proteasome (grey). Annexin A2 (A2) monomers (green)
are bound to p11 subunits. Intracellular calcium levels increase (blue) in response to various stimuli, and this increases the affinity of the
(A2+p11)? complex for binding to anionic phospholipid (shown in dark pink) at the inner membrane surface. There, pp60-c-src kinase
(purple) becomes activated following dephosphorylation of Tylr527 within its kinase domain, while Tyr416 within its SH2 domain remains
phosphorylated. Once the (A2¢p11)? complex is phosphorylated (red circles) by pp60-c-src, it becomes more tightly associated with
inner leaflet phosphatidyl serine (Ptd-L-Ser). The newly phospho-(A2ep11)? complex may undergo a conformational change, making it
more susceptible to translocation to the outer membrane surface. On the outer membrane surface, phospho-(A2+p11)? associates with
plasminogen (PLG) and tissue plasminogen activator (tPA), giving rise to active plasmin (PN).
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on the cell surface. It was therefore concluded that A2
translocation occurs independently of the classical ER-Golgi
pathway, and does not require de novo protein synthesis
(Deora et al. 2004)

At the intracellular surface of the plasma membrane
(A24p11)? is susceptible to phosphorylation (Bellagamba
et al. 1997; Okuse et al. 2002). A2 is a known substrate for
both serine/threonine and tyrosine protein kinases (Beaton
et al. 2002). Previous studies in HEK 293 cells have shown
that Tyr?? of A2 is a target for phosphorylation by the src-
family kinase, pp60-c-src kinase (Glenney and Tack 1985).
Src-kinase is activated when Tyr>?” in the C-terminus
kinase domain of pp60-c-src is dephosphorylated, and
Tyr*!® remains phosphorylated (Cooper and King 1986).
When Tyr?? in the tail domain of A2 is mutated, preventing
phosphorylation, neither translocation nor phosphoryla-
tion of A2 occurs. Once phosphorylated, the new phos-
pho-(A2ep11)? heterotetramer is predicted to couple more
tightly to inner leaflet anionic Ptd-L-Ser (Montaville et al.
2002) and possibly undergo conformational changes that
enhance its ability to be translocated to the outer membrane
surface (Figure).

Furthermore, in a recent study focusing on pl1, our
group showed that p11 is unstable and rapidly degraded in
the EC in the absence of A2 (He et al. 2008). When HEK
293 cells, which express very low levels of endogenous p11
and A2, were transfected with FLAG-p11, unbound p11
monomers were observed to be rapidly ubiquitinated and
degraded through a proteasome-dependent mechanism (He
et al. 2008). Co-transfection of A2, however, rescued pl1,
which bound to the 13 N-terminal amino acids in the A2
tail peptide, thus masking an autonomous p11 ubiquitina-
tion signal. Ubiquitination of p11 required residues Tyr®®-
Gly”>, near its A2-binding C-terminal motif. These studies
suggest that A2 directly regulates intracellular levels of p11
in endothelial cells (Figure).

Concluding remarks

Partnering of A2 and p11 to form the (A2epl 1)? complex
is a cooperative process: A2 binds and stabilizes p11,
thereby regulating the intracellular concentration of p11.
Intracellular p11 levels, on the other hand, are likely to
determine how much (A2-p11)2 translocates to the cell
surface. Stress-induced stimuli, such as heat shock or
the action of thrombin, can activate a cascade of events
that enhance translocation to the cell surface through an
ER-Golgi independent pathway (Figure). Further under-
standing of the regulation of the (A2+p11)? system will be
important for evaluation of the proposed functions for A2
and pl11 in a wide range of cell and tissue types (Foulkes
et al. 2006; Liu et al. 2003; Sharma and Sharma 2007; Tsai

2007). For instance, the role of A2 in angiogenesis and
fibrin homeostasis (Ling et al. 2004) may contribute to
our understanding of cancer cell biology, retinal disease,
and vascular occlusion. Forthcoming investigative studies
should be not only exciting, but also useful for developing
future therapies.
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