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Janus kinase 2 modulates the lipid-removing but not
protein-stabilizing interactions of amphipathic

helices with ABCA1
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Abstract ABCAI mediates the transport of cellular choles-
terol and phospholipids to HDL apolipoproteins. Apoli-
poprotein A-I (apoA-I) interactions with ABCAl-expressing
cells elicit several responses, including removing cellular
lipids, stabilizing ABCAIl protein, and activating Janus ki-
nase 2 (JAK2). Here, we used synthetic apolipoprotein-
mimetic peptides to characterize the relationship between
these responses. Peptides containing one amphipathic helix
of L- or p-amino acids (2F, D-2F, or 4F) and a peptide con-
taining two helices (37pA) all promoted ABCAl-dependent
cholesterol efflux, competed for apoA-I binding to ABCAl-
expressing cells, blocked covalent cross-linking of apoA-I to
ABCAL, and inhibited ABCA1 degradation. 37pA was cross-
linked to ABCAIl, confirming the direct binding of amphi-
pathic helices to ABCAL. 2F, 4F, 37pA, and D-37pA all stim-
ulated JAK2 autophosphorylation. Inhibition of JAK2
greatly reduced peptide-mediated cholesterol efflux, pep-
tide binding to ABCAl-expressing cells, and peptide cross-
linking to ABCAL, indicating that these processes require an
active JAK2.Hll In contrast, apoA-I and peptides stabilized
ABCALl protein even in the absence of an active JAK2, im-
plying that this process is independent of JAK2 and lipid
efflux-promoting binding of amphipathic helices to ABCALI.
These findings show that amphipathic helices coordinate
the activity of ABCAI by several distinct mechanisms that
are likely to involve different cell surface binding sites.—
Tang, C., A. M. Vaughan, G. M. Anantharamaiah, and ]J. F.
Oram. Janus kinase 2 modulates the lipid-removing but not
protein-stabilizing interactions of amphipathic helices with
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ABCAl mediates the transport of excess cholesterol
from cells to HDL apolipoproteins (1, 2). ABCAI muta-
tions can cause Tangier disease (3, 4), a severe HDL de-
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ficiency syndrome characterized by cholesterol deposition
in tissue macrophages and prevalent atherosclerosis (5-7).
Genetic manipulations of ABCAI expression in mice also
affect plasma HDL levels and atherogenesis (8, 9). These
observations indicate that ABCAI activity is a major deter-
minant of plasma HDL levels and cardiovascular disease.

The interaction of apolipoproteins with ABCAl-expres-
sing cells elicits several responses. First, lipid-poor apolipo-
proteins remove cholesterol, phospholipids, and other
lipophilic compounds that are translocated to cell surface
domains by ABCA1 (1). Second, apolipoproteins stabilize
ABCAL protein (10, 11), which is rapidly degraded in the
absence of apolipoproteins. Third, apolipoproteins modu-
late intracellular signaling pathways that influence ABCA1
expression and activity (12-15).

The biochemical and molecular properties of these
diverse cellular responses are poorly understood. ABCA1
appears to intrinsically translocate cholesterol and phos-
pholipids to the outer leaflet of the plasma membrane,
where they become accessible for removal by apolipopro-
teins (16) or for interactions with other cells (17). Studies
with synthetic peptides revealed that a nonstereoselective
amphipathic helical motif is all that is required to remove
cellular cholesterol and phospholipids by the ABCAI path-
way (18). Several possible mechanisms have been reported
to be involved in stabilizing ABCAI protein by apolipo-
proteins, including inhibiting the phosphorylation of an
ABCA1 motif that is targeted for degradation by a calpain
protease (19) and increasing ABCA1 phosphorylation by a
protein kinase C pathway (20). Amphipathic helical pep-
tides with opposite stereoselectivity (p-amino acids) also
stabilize ABCA1 (21). Very little is known about the
molecules and biochemical processes involved in eliciting
ABCAl-modulating signals.

Covalent cross-linking and kinetic studies have shown
that amphipathic helical motifs promote high-affinity
reversible binding of apolipoproteins to ABCA1 and that
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this is associated with cholesterol removal (22). We showed
previously that inhibition or ablation of the tyrosine kinase
Janus kinase 2 (JAK2) in ABCAl-expressing cells dramati-
cally reduces apolipoprotein-mediated lipid efflux and
apolipoprotein binding to ABCA1 without affecting the
intrinsic cholesterol translocase of this protein (14). Ex-
posing cells to apolipoprotein A-I (apoA-I) for only 15 min
stimulates the autophosphorylation of JAK2 (14), suggest-
ing that the interaction of apolipoproteins with cells ac-
tivates a JAK2-dependent feed-forward mechanism that
enhances the ABCA1 binding of apolipoproteins required
for removing lipids.

The apolipoprotein motifs and cell surface binding sites
responsible for activating the JAK2 pathway are unknown.
Moreover, it is still unclear whether ABCA1 stabilization
involves direct binding of apolipoproteins to ABCA1. Here,
we used synthetic amphipathic helical peptides to assess
the specificity of the JAK2 activation pathway, and we sup-
pressed JAK2 activity to test the role of this pathway in
stabilizing ABCAL. The results show that activation of JAK2
has the same broad specificity for class A amphipathic he-
lices as ABCAl-dependent cholesterol efflux and ABCA1
stabilization, but ABCAL stabilization is not modulated by
JAK2. Thus, stabilizing ABCA1 does not appear to require
the direct binding of amphipathic helices to ABCAI.

EXPERIMENTAL PROCEDURES

Lipoproteins, apoA-I, and peptides

LDL and HDL were prepared by sequential ultracentrifugation
in the density ranges 1.019-1.063 and 1.125-1.21 g/ml, respec-
tively, and HDL was depleted of apoE and apoB by heparin-
agarose chromatography (23). ApoA-I was purified from HDL,
and LDL was acetylated as described previously (23, 24). Peptides
9F (AcDWLKAFYDKVAEKLKEAF-NH,), D-2F (2F with all pamino
acids), 4F (Ac-DWFKAFYDKVAEKFKEAF-NH,), 37pA (two 2F pep-
tides missing Ac and NHy joined by a P), and D-37pA (37pA with all
p-amino acids) were synthesized as described previously (25, 26).
Tyrosines in apoA-I and 37pA were radiolabeled with '#°I as de-
scribed previously (27).

Cell culture and cholesterol efflux

BHK cells expressing mifepristone-inducible human ABCAIl
were generated as described (16). Mutant y2A cells lacking JAK2
(a gift from Dr. George R. Stark) were generated from wild-type
2C4 fibrosarcoma cells as described (28, 29). These cells and 774
macrophages were maintained in DMEM (Invitrogen) contain-
ing 10% fetal bovine serum or incubated in serum-free DMEM
plus 1 mg/ml fatty acid-free BSA (DMEM/BSA). To radiolabel
cellular cholesterol, 1 pCi/ml [3H]cholesterol (New England
Nuclear Life Science Products) was added to the growth medium
(BHK and fibrosarcoma cells) or to DMEM/BSA containing
50 pg/ml acetylated LDL (J774 macrophages) 24 h immediately
preceding treatments (16, 30). To induce ABCAI, cells were in-
cubated for 16-20 h with DMEM/BSA containing 10 nM mife-
pristone (BHK transfectants), 10 wM 22(R)-hydroxycholesterol
plus 10 wM 9-cisretinoic acid (fibrosarcoma cells), or 0.5 mM
8-Br-cAMP (]J774 macrophages) (16, 31).

To measure cholesterol efflux, cells were incubated with
DMEM/BSA with or without the indicated peptides for 2 h at
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37°C and chilled on ice, the medium was collected and cen-
trifuged to remove detached cells, the supernatant was counted
for 3H, and the cells were assayed for free and esterified [3H]
cholesterol after isolation by thin-layer chromatography (27).
Peptide-mediated cholesterol efflux is expressed as the fraction
of free [?’H]cholesterol released into the medium after subtrac-
tion of values obtained in the absence of peptide.

Metabolically labeled ABCAl and immunoblot analyses

Macrophages were metabolically labeled by incubation for 15
min at 37°C with DMEM/BSA containing 100 p.Ci/ml [*S]me-
thionine (Amersham Pharmacia Biotech, Inc.), and ABCAI was
isolated from 1% Triton X-100 digests of cells by immunoprecipi-
tation and SDS-PAGE as described (30). Each gel lane received
immunoprecipitated protein corresponding to equal amounts
of cells. [**S]methionine-labeled ABCA1 was detected on gels by
phosphorimaging (Cyclone; Packard Instrument Co.). To
measure ABCA1 protein levels, microsomal membranes were
isolated from homogenized cells by ultracentrifugation, mem-
brane proteins were solubilized in SDS buffer and resolved by
SDS-PAGE, and ABCA1 was identified by immunoblot analysis
(14, 32). ABCA1 protein levels were quantified using OptiQuant
computer software (Packard Instrument Co.). Cellular contents
of JAK2 and phosphorylated JAK2 were measured by immuno-
blot analyses using antibodies to JAK2 (Santa Cruz Biotechnol-
ogy, Inc.) and tyrosine-phosphorylated JAK2 (Biosource
International) (14). Equal amounts of membrane or cell protein
were added per gel lane.

Cell surface and ABCALI binding of apoA-I and 37pA

For the whole-cell binding assay, cells were incubated for 2 h
at 37°C with 2 pg/ml "1-37pA with or without 100 pg/ml un-
labeled 37pA (32). For the competitive sequential binding assay
(18, 27, 33), BHK cells were first incubated for 4 h at 37°C with
DMEM/BSA containing the indicated concentrations of pep-
tides, chilled to 0°C, washed twice with ice-cold PBS/BSA, and
then incubated for 2 h with ice-cold HEPES-buffered DMEM/
BSA containing 2 ug/ml *LapoA-I with or without 200 pg/ml
unlabeled apoA-I. Cells were washed twice at 0°C with PBS/BSA
and twice with PBS, and cell-associated radioactivity and cell
protein were measured after digestion in 0.1 N NaOH. Results
are expressed as nanograms of peptide per milligram of cell
protein after subtraction of values in the presence of unlabeled
37pA or apoA-l. For the ABCA1 binding studies, cells were in-
cubated for 2 h with 5 pg/ml 125I—apoA—I with or without un-
labeled peptide or with 5 pg/ml 125I—?)7pA, treated for 30 min at
room temperature with PBS containing 1 mg/ml Disuccinimidyl
Suberate (a cross-linking agent), and washed twice with cold PBS
containing 20 mM glycine (30, 32). ABCAl was isolated from
detergent extracts by immunoprecipitation and SDS-PAGE, and
% ]abeled ABCAI was visualized by phosphorimaging.

RESULTS

We characterized apolipoprotein-mimetic peptides for
their abilities to modulate different parameters of cellu-
lar ABCAI metabolism. The prototype of these peptides
is 2F (also called Ac-18A-NHy), an 18 amino acid analog
of the class A amphipathic a-helices found in HDL apo-
lipoproteins (25). Other peptides studied were D-2F (2F
containing all p-amino acids), 4F (2F containing two ad-
ditional phenylalanines substituted for leucines), and
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37pA (2F dimer joined covalently by a proline) (25, 26).
We used two different cultured cell lines for most of these
experiments: cholesterol-loaded murine ]J774 macro-
phages (32) and BHK cells stably transfected with a
mifepristone-inducible ABCA1 cDNA (16). To induce
ABCA1, J774 macrophages and transfected BHK cells
were treated for 18-24 h with 8-Br-cAMP and mifepristone,
respectively (16, 32).

To confirm that these peptides mimicked apoA-l in
removing cellular lipids, we incubated cells lacking or
expressing ABCA1 with different peptides and measured
radiolabeled cholesterol efflux. For comparison, we also
measured cholesterol efflux in the presence of purified
apoA-l at a concentration above saturation of ABCAI-
dependent cholesterol efflux (10 wg/ml). All peptides
stimulated cholesterol efflux from both noninduced J774
macrophages (Fig. 1A) and mock-transfected BHK cells
(Fig. 2A), despite a very low level of apoA-I-mediated
cholesterol efflux. The 18 amino acid monomers were
more active than the 37pA dimer, implying that the single
amphipathic helices had a greater ability to remove cel-
lular cholesterol by ABCAl-independent mechanisms
compared with peptides containing two or more tandem
helices. Induction of ABCAI in macrophages (Fig. 1B) or
transfected BHK cells (Fig. 2B) markedly increased the
ability of all peptides to promote cholesterol efflux to
levels comparable to that seen with apoA-I, indicating that
these peptides mimicked apoA-I in removing cellular cho-
lesterol by the ABCA1 pathway.

We used a sequential competitive binding assay to de-
termine whether the synthetic peptides also mimic apoA-I
in binding to ABCAl-expressing cells. We measured the
amount of 125I-apoA—I (at 2 wg/ml) that binds to mock-and

A Control B cAMP

0 40 80 120 160 0 40 80 120 160
pg/mi

Fig. 1. Amphipathic helical peptides promote cholesterol efflux
from J774 macrophages lacking (A) and expressing (B) ABCAL.
J774 macrophages were incubated for 24 h with 50 pg/ml
acetylated LDL containing [SH]cholesterol followed by 18 h incu-
bations without (A) or with (B) 0.5 mM 8-Br-cAMP, and
[3H]cholesterol efflux was measured after 2 h incubations with
medium containing the indicated concentrations of peptides 2F,
D-2F, or 37pA or 10 pg/ml apolipoprotein A-I (apoA-I). Values are
percentage of total (medium plus cell) radiolabeled free choles-
terol released into the medium. Each value is the mean = SD of
three to nine incubations from three separate experiments.
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Fig. 2. Amphipathic helical peptides promote cholesterol efflux
from transfected BHK cells lacking (A) and expressing (B) ABCAL.
[®H]cholesterollabeled mock-transfected (A) and ABCAl-trans-
fected (B) BHK cells were incubated for 20 h with 10 nM mife-
pristone, and [*H]cholesterol efflux was measured after 2 h
incubations with medium containing the indicated concentrations
of peptides 2F, D-2F, 4F, or 37pA or 10 pg/ml apoA-I. Values are
percentage of total (medium plus cell) radiolabeled cholesterol
released into the medium. Each value is the mean * SD of 6-12
incubations from four separate experiments.

ABCAIl-transfected BHK cells at 4°C after cells were first
incubated at 37°C with no peptides or with unlabeled
apoA-I (10 wg/ml) or peptides (20 wg/ml). With this assay,
the peptides that bind to ABCA1 at 37°C dissociate slowly
when cells are chilled to 4°C and thus block subsequent
binding of apoA-I (18, 27, 33). Mock transfectants bound a
small amount of '**-apoA-I, and this was unaffected by
pretreatment with either apoA-I or 37pA (Fig. 3A). Pre-
treatment with either the 1- or p-isoform of the 18-mer
peptides significantly increased 125I—apoA-I binding to
mock-transfected cells (P < 0.05 by ANOVA), perhaps as
a result of the perturbation of membrane lipids suggested
by the cholesterol efflux assay. Overexpression of ABCA1
led to a dramatic increase in '*’I-apoA-I binding to cells,
which was largely inhibited by pretreating cells with apoA-I
or peptides (P < 0.05) (Fig. 3B). The monomeric helical
peptides were significantly (P < 0.05) less effective in
blocking '*’I-apoA-I binding than were either apoA-I or
the 37pA dimer. These results suggest that apoA-I and
the synthetic peptides bind to common sites on ABCAI-
expressing cells.

To test whether the synthetic peptides interfere with
apoA-I binding to ABCA1, we incubated ABCAl-transfected
BHK cells with 125I—apoA—I in the absence or presence of
peptides, treated cells with the cross-linking agent DSS,
and identified '*’T-apoA-I-tagged ABCAl by SDS-PAGE
of immunoprecipitated protein. Results showed a single
radiolabeled band in the absence of peptides that was re-
duced below detection in the presence of unlabeled apoA-I
and each peptide (Fig. 3C), consistent with apolipoproteins
and peptides binding to common sites on ABCAIL. As a
confirmation that peptides directly bind ABCAIl, we per-
formed the crosslinking experiments with radiolabeled
37pA, which contains two tyrosines accessible for iodination
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Fig. 3. Amphipathic helical peptides bind to apolipoprotein
binding sites on ABCAl-expressing cells and on ABCAl. A, B:
Mifepristone-treated mock-transfected (A) and ABCAl-transfected
(B) BHK cells were first incubated for 4 h at 37°C with either
10 pg/ml apoA-I (A-I) or 20 pg/ml of the indicated peptide, and
high-affinity binding of 125I-apoA-I (at 2 pg/ml with or without
200 pg/ml unlabeled protein) was measured after subsequent 2 h
incubations at 0°C. Each value is the mean * SD of quadruplicate
incubations. C, D: ABCAl-transfected BHK cells were incubated for
2 h at 37°C with 2 pg/ml '*L-apoA-I minus (None) or plus 20 pg/
ml apoA-I or the indicated peptide (C), or mock- or ABCAI-
transfected BHK cells were incubated for 2 h with 2 pug/ml 1251
37pA (D). Cells were treated with the cross-linker DSS, ABCA1 was
isolated by immunoprecipitation and SDS-PAGE, and '**Ilabeled
ABCALI was detected by phosphorimaging.

(27). Cross-linking of 'I-37pA to ABCALl isolated from
ABCAIl-transfected BHK cells was readily detected, whereas
no radiolabeled band was visible using mock-transfected
cells (Fig. 3D).

We compared the abilities of apoA-I and synthetic pep-
tides to stabilize ABCAI protein. When 8-Br-cAMP-treated
J774 macrophages were subsequently incubated without
cAMP, most of the induced ABCAI protein disappeared
within 4 h (Fig. 4A), consistent with previous studies
showing that ABCA1 is highly unstable in these cells (30,
32, 34). Including either apoA-I or 37pA in the 4 h chase
medium completely prevented the ABCA1 disappearance
and actually increased protein to levels above those in cells
maintained on 8-Br-cAMP medium. ApoA-l, 37pA, 2F,
D-2F, and 4F all progressively increased ABCA1 protein
levels during the chase incubations as their concentrations
were increased to 10 wg/ml. At higher concentrations, no
further increase in ABCA1 was observed (data not shown).
When cells were incubated for 15 min with [35S]methio-
nine after the chase incubations, neither apoA-I nor
peptides had any effect on the incorporation of radiolabel
into ABCAI (Fig. 4C). Thus, the peptide-mediated in-
crease in ABCAI protein levels could not be attributed
to enhanced synthesis. These results indicate that these
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Fig. 4. Amphipathic helical peptides mimic apoA-I in stabilizing
ABCALI protein. A: Cholesterol-loaded macrophages were incu-
bated for 18 h with 0.5 mM 8-Br-cAMP (cAMP) and then incubated
for 4 h with (+) or without (—) 8-Br-cAMP minus (None) or plus
10 wg/ml apoA-I or 20 pg/ml 37pA, and the membrane content
of ABCA1 was measured by immunoblot analysis. B; Cholesterol-
loaded, cAMP-treated macrophages were incubated for 4 h with-
out 8-Br-cAMP plus the indicated concentrations of apoA-I or
peptide before measuring ABCALI levels. C: Cholesterol-loaded,
cAMP-treated macrophages were incubated for 4 h without 8-Br-
cAMP plus 10 pg/ml apoA-I or 20 pwg/ml of the indicated peptide,
cell proteins were radiolabeled with [*°S]methionine (100 wCi/ml)
for 15 min, ABCA1 was isolated by immunoprecipitation and SDS-
PAGE, and **S1abeled ABCA1 was detected by phosphorimaging.

synthetic peptides mimic the ABCAl-stabilizing effects
of apoA-I.

We showed previously that the interaction of apoA-I with
ABCA1l-expressing cells stimulates the autophosphorylation
of JAK2 (14). Here, we examined whether synthetic pep-
tides also have this effect. Immunoblot analyses with an
antibody specific for phosphorylated JAK2 revealed that
JAK2 was poorly phosphorylated in ABCAl-transfected BHK
cells in the absence of apolipoprotein or peptide (Fig. 5A).
Incubating cells with apoA-I, 2F, 4F, or 37pA for only 15 min
dramatically increased the fraction of JAK2 that was phos-
phorylated. We observed the same stimulatory effect with
37pA that contained all p-amino acids (data not shown).
Most of this increase in JAK2 phosphorylation was
prevented by the JAK2-specific tyrosine kinase inhibitor
AG490, indicating that this was an autophosphorylation
event. Neither apoA-I, peptides, nor inhibitor had any effect
on total JAK2 levels. Thus, these synthetic peptides mimic
apoA-I in stimulating the autophosphorylation of JAK2.

Time courses revealed that apoA-I and 37pA markedly
increased the phosphorylation of JAK2 after only 1 min
of exposure to cells (Fig. 5B), indicating that this was an
acute response to the interaction of amphipathic helices
with ABCAl-expressing cells. Maximum stimulation of
JAK2 phosphorylation occurred at ~5 ung/ml for both
apoA-I and 37pA (data not shown).

To determine whether this activated JAK2 has function-
al significance, we examined the effects of the JAK2
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Fig. 5. Peptides stimulate Janus kinase 2 (JAK2) autophosphor-
ylation. A: Mifepristone-treated ABCAl-transfected BHK cells were
incubated for 1 h without (—) or with (+) 40 pM AG490 followed
by 15 min without (None) or with 10 pg/ml apoA-I or 20 pg/ml of
the indicated peptide, and tyrosine-phosphorylated JAK2 (P-JAK2)
was detected by immunoblot analysis. Blots were stripped of anti-
body and reprobed with a total JAK2 antibody (JAK2). B: ABCAI-
transfected BHK cells were incubated for the indicated times with
10 pg/ml apoA-I or 20 wg/ml 37pA, and phosphorylated JAK2 was
measured by immunoblot analysis.

inhibitor AG490 on peptide-mediated cholesterol efflux.
AG490 substantially reduced the ability of apoA-I, 2F, 4F,
and 37pA to remove [3H]cholesterol from ABCA]l-trans-
fected BHK cells (Fig. 6A) and the ability of 37pA to

— |A BHKs [ Jctn B J774s
[ Il AGaso
84t T : T
w
9 2 L 4
o
=
Q
+
(]
ol _
i s -
s
o
-
* [
0 0
ApoA-l  2F 4F  37pA 37pA

Fig. 6. JAK2 inhibition reduces amphipathic helical peptide-
mediated cholesterol efflux from ABCAl-expressing cells.
[®*H]cholesterol-labeled ABCAl-expressing BHK cells (A) or
[*H]cholesterol-loaded, cAMP-treated J774 macrophages (B)
were incubated for 3 h without [control (Ctrl); open bars] or
with (closed bars) 40 puM AG490, and [3H]cholesterol efflux was
measured after subsequent 2 h incubations with 10 p.g/ml apoA-I
(A) or 20 pg/ml of the indicated peptide (A, B). Each value is the
mean * SD of triplicate incubations.

remove [*H]cholesterol from 8-Br-cAMP-treated J774
macrophages (Fig. 6B). Thus, the removal of cellular cho-
lesterol by apoA-I and amphipathic helical peptides is
largely dependent on an active JAK2.

We showed previously that an active JAK2 is required
for the ABCALI binding of apoA-I that mediates the removal
of cellular lipids (14). Therefore, we tested the effects of
the JAK? inhibitor AG490 on the binding of '*’I-37pA to
ABCAl-expressing BHK cells and on cross-linking of this
peptide to ABCAI in ABCAl-transfected BHK cells and 8-
Br-cAMP-treated J774 cells. We used the protein kinase A
inhibitor H89 and the Src family tyrosine kinase inhibitor
PPI as controls (14). AG490, but not H89 or PPI, inhibited
125I-§’>7pA binding to BHK cells (Fig. 7A) and almost abol-
ished covalent cross-linking of 125I-37pA to ABCA1 in BHK
cells and macrophages (Fig. 7B). Thus, as with apoA-I, op-
timum binding of 37pA to ABCAI requires an active JAK2.

We investigated the possibility that JAK2 is involved in
the ABCAl-stabilizing effects of apoA-I and peptides. As in
Fig. 4, J774 macrophages were treated with 8-Br-cAMP to
induce ABCAI and then chased for 4 h in the absence of
8-Br-cAMP with or without apoA-I or peptides. To test the
effects of kinase inhibitors, AG490 or H89 was added to
the medium 2 h before and during the chase incubations.
Neither AG490 nor H89 significantly interfered with the
ability of apoA-I, 2F, or 37pA to prevent the degradation of
ABCALI that occurs after the removal of inducer (Fig. 8A,
B). Thus, despite a large reduction in the peptide bind-
ing activity of ABCAI, JAK2 inhibition had no effect on
peptide-mediated ABCALI stabilization.

To confirm a lack of involvement of JAK2 in ABCAIL
stabilization, we performed a similar pulse-chase protocol
with a human fibrosarcoma cell line that expresses JAK2

37pA Binding B 37pA X-Linking

-
a
o

BHKs #usm wein - Son

FERE R R

J774s

—
1=
[=]

Ctrl H89 AG490 PPI

L4
(=]

ng '2°1-37pA/mg Cell Protein >

Ctrl H89 AG490 PPI

Fig. 7. JAK?2 inhibition reduces the binding of 37pA to ABCAl-
expressing cells and to ABCAI. A: ABCAl-expressing BHK cells were
incubated for 3 h without [control (Ctrl) ] or with 40 pM H89, 40 uM
AG490, or 10 uM PPI and then incubated for an additional 2 h with
the same medium containing 2 pg/ml 125I-37pA with or without
100 wg/ml unlabeled peptide, and the cell binding of '*I-37pA was
measured. Each value is the mean = SD of triplicate incubations.
Asterisk indicates P < 0.05 compared to Control (Ctrl). B: ABCAI-
expressing BHK cells or J774 macrophages were incubated without
[control (Ctrl)] or with inhibitors and '#I-37pA (5 wg/ml, no un-
labeled peptide) as in A. After treating with the crosslinker DSS,
ABCALI was isolated by immunoprecipitation and SDS-PAGE, and
%1 Jabeled ABCA1 was detected by phosphorimaging.

JAK2 modulates amphipathic helix binding to ABCAl 111

2102 ‘vT aunr uo “1sanb Aq Bio 1|l mmm woly papeojumoq


http://www.jlr.org/

ASBMB

JOURNAL OF LIPID RESEARCH

I

J774 Macrophages

A B
15}
Peptide | None | ApoA-| oF 37pA %
= L
CAMP | +| = | =[-|-]-]-]-]-][-[-] 210
e o - C
; i ‘s 05¢
I N A A T N
Inhibitor 2, 9 9, &, % 9, Q, G N
o e e 0 o %0 e %, 0.0
cawp |+|-[-[-]-]-]

Peptide | 0 Al
AG490 |- |- |- |+|-|+

Fibrosarcoma Cells

C

HCRA | + | - | -

[ -]
+JA2 9 .-
a2 Y

s 4. 4. ?o Py
O, o,
Peptide % By e 9, >

Peptide 0 |A

D +JAK2 - JAK2
_'0_'.!
£ 10
-
g
5 05
<
0.0
nema [ +[-[-]-] [#[-]-]-]

37pA‘ 0 |Al 37pA|

Fig. 8. ApoA-l and amphipathic helical peptides stabilize ABCA1 independent of JAK2. A: Cholesterol-
loaded macrophages were incubated for 16 h with 0.5 mM 8-Br-cAMP (cAMP) followed by 2 h incubations with
0.5 mM 8-Br-cAMP minus inhibitor (None) or plus 40 uM AG490 or 40 uM H89. Cells were then incubated for 4
h with (+) or without (—) 8-Br-cAMP minus peptide (None) or plus 10 pug/ml apoA-I or 20 ug/ml peptide
without (None) or with the indicated inhibitor. The membrane content of ABCAl was measured by
immunoblot analysis. C: JAK2-expressing wild-type 2C4 cells (+JAK2) and mutant y2A cells lacking JAK2
(—JAK2) were incubated for 18 h with 22 (R)-hydroxycholesterol plus 9-cistetinoic acid (HC/RA) followed by 4
h incubations with (+) or without (—) HC/RA minus peptide (None) or plus 10 pg/ml apoA-I or 20 pg/ml
37pA, and ABCA1 levels were measured by immunoblot analysis. B, D: ABCA1 bands on immunoblots from
three separate experiments with each cell line were quantitated (means * SD) by scanning computer analysis
and normalized to values for cells incubated with apoA-L

(2C4 cells) and a mutant line derived from these cells that
lacks JAK2 (y2A cells) (14, 28, 29). Treating these cell lines
with the liver X receptor ligand 22 (R)-hydroxycholesterol
plus the retinoid X receptor ligand 9-cisretinoic acid in-
duced ABCALI to similar levels (Fig. 8C, D), as was shown
previously (14). When these cells were then incubated for
4 h in the absence of these ligands, ABCAI protein levels
decreased in both cell lines, and including either apoA-I
or 37pA in the chase medium prevented this disappearance
(Fig. 8C, D). Thus, expression of JAK2 is not required for the
ABCA1-stabilizing effects of amphipathic helical peptides.

DISCUSSION

The current study shows that small synthetic peptide
analogs of class A amphipathic a-helices can mimic apoA-I
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in promoting ABCAl-dependent cholesterol efflux, bind-
ing to ABCAI, stabilizing ABCA1 protein, and stimulating
the autophosphorylation of JAK2 in ABCAl-expressing
cells. Inhibition of JAK2 markedly reduced peptide-
mediated cholesterol efflux from ABCAl-expressing cells
and peptide binding to ABCA1, indicating that JAK2 plays
a role in the interaction of amphipathic helices with
ABCAI required for removing cellular lipids. In contrast,
these peptides were still capable of stabilizing ABCAI
protein when JAK2 was inhibited or absent. Thus, the
ABCAl-stabilizing activity of amphipathic helices involves
a JAK2-independent mechanism that is distinct from the
lipid efflux-promoting interactions of helices with ABCAI.

Our results confirm a previous report showing that
small apolipoprotein-mimetic peptides can remove cellu-
lar lipids by both ABCAl-independent and -dependent
mechanisms (18), although the ABCAl pathway domi-
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nates in cells expressing high levels of this transporter.
For the ABCAl-independent process, peptides comprising
one 18 amino acid helix were more active than a peptide
with two tandem helices, implying that monomeric helical
peptides solubilize plasma membrane lipids to a greater
extent than peptides containing multiple helices. Pre-
treating cells with the monomers but not with the dimer
increased nonspecific apoA-I binding to the cell surface,
which is also consistent with a disruption of membrane
lipids by the smaller peptides.

A previous study showed that the monomeric amphi-
pathic helical peptide 2F could compete with cross-linking
of apoA-I to ABCAl (22), suggesting that this peptide
binds directly to this transporter. Another study showed
that the dimeric amphipathic helical peptides L-37pA and
D-37pA could mimic apolipoproteins in stabilizing ABCA1
(21). Here, we show that the single helical peptides L-2F,
D-2F, and 4F and the 37pA dimer all interact with ABCA1
and stabilize the protein. All of these peptides inhibited
apoA-I binding to ABCAl-expressing cells and cross-
linking of apoA-I to ABCAI, and the dimer was directly
cross-linked to ABCAI. These results suggest that these
peptides and full-length apolipoproteins interact with
closely spaced or common sites on ABCAL. All of these
peptides also inhibited ABCAI degradation in J774 macro-
phages over similar concentration ranges.

We showed previously that the interaction of apoA-I
with ABCAl-expressing cells acutely stimulates the auto-
phosphorylation of the tyrosine kinase JAK2 and that an
active JAK2 was required for ABCAl binding of apoA-I
and removing cellular lipids (14). Here, we show that the
small synthetic amphipathic helical peptides also mimic
apoA-I in activating JAK2 and that this occurs within 1 min
of exposure of these helices to ABCAl-expressing cells.
The JAK2-specific inhibitor AG490 inhibited both apoA-I-
and peptide-mediated cholesterol efflux from ABCAI-
expressing cells by >50%, indicating that JAK2 plays a role
in modulating ABCAl-dependent lipid transport to small
peptides as well as to apoA-I. This inhibitor also greatly
reduced covalent cross-linking of 37pA to ABCA1 in ABCA1-
transfected cells and ABCAl-expressing macrophages.
Thus, the JAK2-regulated binding of amphipathic helices
to ABCA1 appears to promote lipid removal from cells.

Together, the current findings indicate that ABCAI-
dependent lipid removal, apolipoprotein binding sites
on ABCAI, stabilization of ABCA1 protein, and ABCAI-
dependent activation of JAK2 all have a broad specificity
for amphipathic helices. Results showing that amphipathic
helical peptides containing all p-amino acids have the
same activities also indicate a lack of peptide stereoselec-
tivity for all of these processes. These observations raised
the possibility that amphipathic helices elicit these diverse
cellular responses by a common mechanism. Although
ABCAL1 binding of amphipathic helices appears to be nec-
essary for lipid removal, it was less clear whether other
cellular responses to these helices also require ABCAIl
binding. For example, there is evidence that the interac-
tion of apolipoproteins with cellular lipids plays a role in

stabilizing ABCA1 (20, 21).

The current study provides direct evidence that the
ABCAl-stabilizing effect of amphipathic helices uses cel-
lular binding sites distinct from those that mediate lipid
removal. Inhibition or lack of expression of JAK2 had no
effect on the ability of apoA-I or peptides to block the
degradation of ABCA1, despite reducing peptide binding
to ABCA1 by >70%. An active JAK?2, therefore, was not
required for stabilizing ABCAI. It appears unlikely that
the residual peptide binding to ABCAI in the absence of
an active JAK2 could account for the stabilizing effects.
Inhibiting JAK2 reduced peptide cross-linking to ABCA1
to levels observed when cells were incubated with <0.5 ng/
ml apoA-I or peptide, which is <5% of the concentration
needed to maximally inhibit ABCAI degradation (~10 ng/
ml). The best explanation for these findings is that direct
binding of amphipathic helices to ABCA1 does not play a
role in stabilizing ABCAT.

In summary, the current study shows that the amphi-
pathic helix is the common structural motif that mediates
multiple cellular responses to HDL apolipoproteins, includ-
ing removal of lipids, direct binding to ABCAI, stabilization
of ABCALI protein, and activation of JAK2. Acute JAK2 ac-
tivation appears to be a feed-forward mechanism for in-
creasing the amphipathic helix binding activity of ABCAI
required for lipid removal. In contrast, ABCAI stabilization
by these helices is independent of JAK2, indicating that this
process involves cellular interactions distinct from those
that remove lipids. Thus, amphipathic helices coordinate
the activity of the ABCA1 pathway through several distinct
mechanisms that are likely to involve novel molecules. B}
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