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HDL cholesterol activates endothelial cell production of the atheroprotective signaling molecule NO, and it promotes
endothelial repair. In this issue of the JC/, Besler et al. provide new data indicating that HDL from stable coronary artery
disease (CAD) or acute coronary syndrome patients inhibits rather than stimulates endothelial NO synthesis and
endothelial repair. This may be related to decreased HDL-associated paraoxonase 1 (PON1) activity. These observations
support the concept that the cardiovascular impact of HDL is not simply related to its abundance, and the translation of
the present findings to prospective studies of CAD risk and to evaluations of HDL-targeted therapeutics is a logical future

goal.
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The authors have identified a previously
unrecognized integrin a6f4-expressing
AEC subset that proliferates and differen-
tiates into multiple respiratory epithelial
cell types in vitro and in vivo. The field can
look forward to future studies identifying
the roles of these 06p34-positive AECs in the
pathogenesis of human lung disease. Eluci-
dation of the mechanisms controlling their
proliferation, differentiation, and ability to
produce functional lung tissue will be high-
ly relevant to the pathogenesis of acute and
chronic lung disease. It will also provide a
framework from which to develop new
strategies to enhance lung regeneration for
the treatment of life-threatening common
pulmonary disorders.
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HDL cholesterol activates endothelial cell production of the atheroprotec-
tive signaling molecule NO, and it promotes endothelial repair. In this issue
of the JCI, Besler et al. provide new data indicating that HDL from stable
coronary artery disease (CAD) or acute coronary syndrome patients inhibits
rather than stimulates endothelial NO synthesis and endothelial repair. This
may be related to decreased HDL-associated paraoxonase 1 (PON1) activity.
These observations support the concept that the cardiovascular impact of
HDL is not simply related to its abundance, and the translation of the pres-
ent findings to prospective studies of CAD risk and to evaluations of HDL-
targeted therapeutics is a logical future goal.

HDL and cardiovascular disease

Numerous epidemiological studies indi-
cate that the risk of cardiovascular dis-
ease is inversely related to HDL choles-
terol levels (1). In addition, mice with
elevated LDL due to the expression of a
human apolipoprotein B transgene have
more severe atherosclerosis if they also
have low HDL due to deficiency of the
major apolipoprotein of HDL, apoA-I (2).
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Furthermore, providing apoA-I or HDL
improves vascular disease in hypercholes-
terolemic animal models (3, 4), and studies
in humans have suggested that the infu-
sion of apoA-I mimetics or reconstituted
HDL particles has the potential to reverse
atherosclerosis (5). However, genetically
based variations in HDL levels in humans
do not correspond directly with relative
incidence or severity of cardiovascular
disease (6), and therapies that effectively
cause increases in HDL levels have not
yielded clear-cut decreases in cardiovascu-
lar disease (7, 8). This was particularly the
case in a trial of torcetrapib, an inhibitor
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of cholesteryl ester transfer protein, which
yielded a 72% increase in HDL levels but an
actual increase in cardiovascular events (9).
Thus, the cardiovascular impact of HDL is
not simply related to the abundance of the
lipoprotein, and there is a great need for
increased understanding of the biological
actions of HDL and the development of
assays to assess HDL function in humans.
In the current issue of the JCI, Besler and
colleagues provide important new insights
into the atheroprotective actions of HDL
in a comparison of the endothelial func-
tions of HDL obtained from healthy
individuals and HDL from patients with
stable coronary artery disease (CAD) or
acute coronary syndrome (10), designated
as HDLueaichy and HDLcap, respectively,
throughout this commentary.

Biological actions of HDL

The classical function of HDL is to mediate
cholesterol efflux from peripheral tissues
and cells such as macrophages and trans-
port it back to the liver in a process known
as reverse cholesterol transport (RCT).
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RCT likely plays an important role in the
cardiovascular protective capacity of HDL
(11). A measure of the “cholesterol efflux
capacity” of HDL was recently reported to
be inversely associated with atherosclerosis
in humans even after adjusting for HDL
cholesterol levels (12).

In addition to promoting RCT, it is
now well appreciated that HDL has direct
actions on the endothelium that may also
contribute to the cardiovascular protective
characteristics of the lipoprotein (13). In
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endothelial cells, HDL from healthy indi-
viduals activates the production of the anti-
atherosclerotic and antithrombotic signal-
ing molecule NO by eNOS (14), it blunts
adhesion molecule expression (13), attenu-
ates tissue factor and E-selectin expression
(13), and promotes endothelial cell migra-
tion, thereby optimizing endothelial repair
and the integrity of the intimal layer (15).
eNOS activation by HDL entails apoA-I-
dependent binding of the lipoprotein to
scavenger receptor class B, type I (SR-BI)
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Figure 1

Changes in endothelial HDL action in coro-
nary artery disease. (A) HDLneainy Stimulates
eNOS through multiple mechanisms. HDL
binding to SR-BI via apoA-I causes cholesterol
efflux (orange circles) that is sensed by SR-
Bl, leading to PDZK1-dependent activation
of Src family kinase(s), PI3K, and Akt, which
phosphorylates eNOS Ser1177 and thereby
increases enzyme activity. SR-BI—-, Src-, and
PI3K-dependent Erk MAPK activation is also
required for eNOS activation by HDL. HDL-
associated S1P and related molecules may
activate the lysophospholipid receptor S1P3
to stimulate eNOS. HDLnearny COntains active
PON1, which suppresses the formation of
oxidized lipids and lipoproteins such as MDA.
The net effect of eNOS activation by HDLneaithy
is to blunt endothelial cell-monocyte adhesion
and promote endothelial repair. (B) HDLcap
activates inhibitory signaling that suppresses
eNOS activation. HDLcap has reduced PON1
activity that potentially leads to greater for-
mation of MDA, which activates LOX-1 and
thereby stimulates PKCB. PKCg inhibits
stimulatory Akt and eNOS phosphorylation
events, and it enhances the inhibitory phos-
phorylation of eNOS at Thr495. As a result,
HDLcap has an impaired capacity to favorably
influence endothelial cell-monocyte adhesion
or endothelial repair. It is unknown whether
the loss in PON1 activity leads to alterations in
other HDL constituents besides MDA that acti-
vate LOX-1. Whether HDLcap has decreased
capacity to evoke cholesterol efflux from
endothelial cells — possibly via MDA-related
modification of apoA-I, resulting in attenu-
ated SR-Bl-dependent signaling — is also
unknown. In addition, it is unknown whether
endothelial cell signaling activated by cargo
molecules such as S1P is altered in HDLcap.

in endothelial cells; this causes cholesterol
efflux that is sensed by SR-BI and initiates
a signaling cascade involving the activa-
tion of Src family kinase(s), PI3K, and Ake,
which phosphorylates eNOS at Ser1177 to
increase enzyme activity (Figure 1A). These
processes are dependent on the adaptor pro-
tein PDZK1, which binds to the extreme C-
terminus of SR-BL. SR-BI-, Src-, and PI3K-
dependent Erk MAPK activation is also
required for eNOS activation by HDL. In
addition, HDL-associated sphingosine-1-



phosphate (S1P) and related molecules
may activate the lysophospholipid recep-
tor S1P; to stimulate eNOS (16).

Adverse endothelial effects

of HDL from CAD patients

Besler and colleagues now report that
whereas HDL from healthy individuals
(HDLHealthy) causes an increase in bioavail-
able endothelium-derived NO, HDL from
patients with stable CAD or acute coronary
syndrome (HDLcap) causes no increase
or an actual decrease in NO (10). This
is related to decreased activating eNOS
Ser1177 phosphorylation and increased
inactivating eNOS Thr495 phosphoryla-
tion by HDLcap (Figure 1B). They also
show that in an eNOS-dependent manner,
HDLealchy promotes endothelial repair
and blunts NF-kB activation and VCAM-1
expression, thereby preventing endothelial
cell-monocyte adhesion, whereas HDLcap
lacks these properties. They interrogated
the basis for the adverse effects of HDLcap
on endothelial function, finding that
total binding of HDLcap to endothelium
is decreased, but relative SR-BI-depen-
dent binding is not altered. However, the
researchers did not use endothelial cells to
evaluate the effect of HDLcap on choles-
terol efflux, which is critically involved in
endothelial HDL SR-BI-mediated signal-
ing to eNOS. When the efflux capacity of
HDL is specifically altered, the relative acti-
vation of eNOS changes in parallel (17). If
HDLcap has a blunted capacity to promote
cholesterol efflux from endothelial cells,
this might help to explain the observed
impairment in NO generation. This could
be experimentally tested by the ex vivo
addition of phosphatidylcholine (18) to
enhance the endothelial cell cholesterol
efflux capacity of HDLcap and determina-
tion of whether doing so restores the abil-
ity to generate NO.

Besler and colleagues additionally dem-
onstrated that through a process involving
the endothelial multiligand receptor known
as lectin-type oxidized LDL receptor 1
(LOX-1), HDLcap activates endothelial
PKCPII, which in turn inhibits Akt-acti-
vating phosphorylation (Akt-Ser473) and
eNOS-activating phosphorylation (eNOS-
Ser1177) events and NO production (Fig-
ure 1B). Recognizing that endothelial
LOX-1 is activated by oxidized lipids,
they then evaluated the potential role of
malondialdehyde (MDA) and found that
MDA content is increased in HDLcap com-
pared with HDLiiealchy. They also show that

the addition of MDA to HDLpeaichy blunts
endothelial NO production and activates
endothelial PKCPBII in a LOX-1-dependent
fashion. Since HDL-associated paraox-
onase 1 (PON1) diminishes MDA forma-
tion, they then evaluated PON1 and found
that although its abundance is nearly
doubled in HDLcap versus HDLealchy, its
enzyme activity is markedly decreased in
HDLcap. The researchers further found
that PON1 inactivation in HDLeaichy leads
to greater PKCPII activation, decreased
activating eNOS-Ser1177 phosphorylation
and increased inactivating eNOS-Thr495
phosphorylation, blunted NO produc-
tion, increased monocyte-endothelial
cell adhesion, and impaired endothelial
repair. These findings suggest a poten-
tial mechanistic link between decreased
PON1 activity in HDLcap and exaggerated
PKCPII activation and impaired eNOS and
endothelial function. Furthermore, they
showed that HDL from Ponl~~ mice fails
to stimulate NO production or to antago-
nize endothelial inflammatory activation,
and that supplementation of Ponl7~ HDL
with purified PON1 restores these func-
tions (10). Since cholesterol-free lipopro-
tein particles consisting solely of apoA-I
and phosphatidylcholine are sufficient
to cause eNOS activation (17), similar to
HDLcap, the Ponl17/- HDL must contain
component(s) that blunt eNOS activa-
tion such as MDA, which decreases efflux
capacity via the modification of apoA-I
(19). Although the available evidence
implicates MDA, the modified component
of HDLcap and Ponl7~ HDL that s directly
responsible for LOX-1- and PKCRII-medi-
ated eNOS inactivation requires further
clarification. It is also unclear what causes
the downregulation of PON1 activity in
HDLcap, even though its abundance is
increased. In any case, the findings by
Besler et al. importantly indicate that
HDL-associated PON1 has a major impact
on endothelial function, which is consis-
tent with the reported inverse relationship
between PONT1 activity and cardiovascular
disease development (20).

Remaining questions

The work by Besler and colleagues has pro-
vided valuable evidence that HDL from
CAD patients differs from HDL from
healthy individuals in its capacity to invoke
signaling in endothelial cells that induces
eNOS activation and subsequent antiath-
erogenic and antiinflammatory processes.
It also supports the concept that the car-
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diovascular impact of HDL is not simply
related to its abundance. Furthermore, the
findings suggest that assays of HDL action
on endothelium may increase our ability
to assign cardiovascular disease risk, and
they may enhance our understanding of
the outcomes of future trials testing HDL-
targeted therapies. However, there are a
number of remaining questions. Do the dif-
ferences in endothelial intracellular signal-
ing observed in cell culture in response to
HDLkealchy versus HDLeap reflect disparities
in HDL-induced signaling in vivo? Are there
differences in other critical endothelial cell
phenotypes in vivo besides repair, such as
leukocyte adhesion? The authors also appro-
priately point out that it remains unknown
whether their findings represent a cause or
a consequence of CAD. In this regard, the
homogeneity of the functional defect in
HDLcap observed in this study is surprising,
and additional cross-sectional studies with
a wider spectrum of cardiovascular disease
incidence and severity as well as prospective
studies are now warranted. Combined with
the recent study of atherosclerotic vascular
disease and HDL macrophage cholesterol
efflux (12), the work by Besler et al. indi-
cates that we no longer need to ponder,
but instead can conclude that measures of
HDL function are clinically relevant. If we
are earnest in our desire to harness the car-
diovascular protective potential of HDL, we
must go well beyond the quantification and
even successful modification of HDL abun-
dance, and reliably quantify and ultimately
take therapeutic advantage of the bases for
differences in HDL function.
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Adenosine: front and center in linking
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Many individuals with epilepsy benefit from consuming a ketogenic diet, which
is similar to the more commonly known Atkins diet. The underlying molecu-
lar reason for this has not been determined. However, in this issue of the JCI,
Masino et al. have elucidated the mechanism responsible for the antiepileptic
effects of the ketogenic diet in mice. The diet is shown to decrease expression
of the enzyme adenosine kinase (Adk), which is responsible for clearing the
endogenous antiepileptic agent adenosine (Ado) from the extracellular CNS
space. Decreased expression of Adk results in increased extracellular Ado, acti-
vation of inhibitory Ado A, receptors, and decreased seizure generation, the
desired therapeutic effect. The authors’ work serves to emphasize the impor-
tance of controlling Adk expression, not only as the mechanism of action of the
ketogenic diet, but also as a potential target of future therapies.

Epilepsy is a brain disorder characterized by
recurrent seizures that last a few seconds to
up to 15 minutes, but seldom longer. The
seizures are a result of synchronized electri-
cal discharge by a large proportion of CNS
neurons. They usually originate from one
or more hyperexcitable neuronal foci and
propagate to both surrounding neuronal
tissue and downstream targets of the excit-
ed neurons. Most therapeutic approaches
involve pharmacological agents targeted
toward reducing the excitability of the irri-
table seizure focus and/or the propagation
of the synchronized discharges. However,
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these agents often cause undesirable side
effects, and in some individuals with epi-
lepsy, the seizures are refractory to phar-
macological agents. An alternative therapy
that has shown some success in this regard
is the ketogenic diet.

The ketogenic diet, similar to the more
commonly known Atkins diet, provides a
metabolic treatment for epilepsy. The high-
fat, low-carbohydrate diet forces ketone-
based rather than glucose-based metabolism
and has well-demonstrated antiepilep-
tic efficacy (1). However, the mechanism
responsible for the anticonvulsant effect
of a ketogenic diet remains to be character-
ized. In this issue of the JCI, Masino et al.
convincingly demonstrate that a ketogenic
diet works by modifying the availability of
one of the best-characterized and effica-
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cious endogenous antiepileptic compounds
in mammals, adenosine (Ado) (2). The
authors show that in mice, the ketogenic
diet is associated with decreased expression
of the enzyme responsible for removal of
Ado from the CSF, adenosine kinase (Adk).
As a result, there is an increase in Ado in the
CSF that in turn activates Ado A; receptors
(AdoA;Rs). This activation was found to be
both necessary and sufficient for the antiep-
ileptic effect of the ketogenic diet. The work
of Masino et al. (2) serves to emphasize the
therapeutic potential of controlling Adk
expression in epilepsy and the need for bet-
ter understanding of this control.

Ado: the endogenous
antiepileptic agent
An endogenous antiepileptic agent should
have, at the least, the following two proper-
ties. First, its levels should be increased in
brain tissue by conditions that predispose to
seizure generation and/or by seizure activity
itself. Second, when released, it should act to
reduce the likelihood of the seizure activity.
Conditions that promote seizures
include hypoxia of nervous tissue; hypo-
glycemia; increased levels of potassium or
other excitogenic substances, such as glu-
tamate (for example, as might be released
as a result of acute brain trauma), in the
brain extracellular medium; or simply an



