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Hormoneesensitive lipase (HSL} Ix respansible far the neutral chelasteral exier hydrolse aguivity in magrophages. Incubution of intaet WEHI
maerophuges or maig peritonesl masrephages leads o phaspherylslion of HSL, which is incraused by ineubation with either dibutyryl cytlic‘
AMP and Yizebutyl-l-methylsnmhine or ekndaic aeid, Carrgipondingly, thexe ageats ilae activaie neutrsl cholesterel exter hydrolise uctivity in
~inet WEHI c.enx un!mmn of mebllisition of exterified cholesteral in muerophages may be of nmmlheragenu: value, which thix mudel syslém
naw allaws us (o invetigaie furthier.

' Iﬁ’!unnnnc-:émilive lipuse; Protein phmplmiylminn: Mucrophage: Cholesteral :niclnbnlixn\

l. INTRODUCTION

The lipid-laden foam cells characteristic of athero-
sclerotic plaques are derived, at least in part, from
macrophages which have become overloaded with

- cholesterol esters. Hence, an understanding of the

mechanisms whereby these cells accumulate esterified
cholesterol is of importance in understanding -the
pathogenesis of atherosclerosis [1]. The cholesterol
ester droplets in the eytoplasm of macrophages are in a
dynamic state, undergoing a .constant cycle of hydro-

lysis by a cytosolic cholesterol ester hydrolase and re-
esterification by acyl CoA: cholesterol acyl transferase

(ACAT) [2]. The regulation of both ACAT and cyto-
‘ plasmic cholesterol ester hydralysis may therefore play
~an 1mportant role in the contral of esterified cholesterol
. levels in the macrophage. -

- We have previously identified the neutral cholesteral
ester hydrolase in ‘cell -free extracts of the WEHI
macrophage cell-line as hormone-sensitive lipase (HSL)
[3], 2 multifunctional hydrolase with activity against
several lipid substrates including triacylglycerol and
cholesterol esters [4]. A key feature of HSL is its ability
to be activated by phosphorylation by cyclic AMP-

dependent protein kinase [5-7]. Consistent with this,

Goldberg and Khoo have recently demonstrated activa-
tion of neutral cholesterol ester hydrolase activity in
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cell-free extracts of P3IBBD, macrophages by eyclic
AMP-dependent protein kinase, and in intact cells by
elevation of intraceltular eyclic AMP levels [8). In this
report we extend these previous findings and demon-

strate that HSL is present in mouse peritoneal macro-

phages, that it can be phosphorylated within intact
macrophages and that phosphorylation is associated
with incrcased cholesterol ester hydrolase activity,

2. MATERIALS AND METHODS

2.1, Materials

HSL and the gatalyhc subunn of eyclic AMP dependent promn

" Kinpse weie purified from bovine perirenyl adipose tissue as in (3],

Antiserum agalnst bovine adipose tissue HSL was ralsed jn a New.
Zealand White rabibit and an immunoglobulin fraction prepared as in

"[10]. [1-**P]ATP was from ICN, [**Plerthophosphate was from

Anersham, dibutyryl cyelic AMP and 3-sobutyl-1-methylxanthine .

. were from Sigma, and Pansorbin was from. Calbiochem. Okadaic

acid was a generous gift from Prof. P. Cohen (University o:‘Dundee) )

" Sources of substrates, protease inhibitors and the non-lonic detergent

C1:E 2 were as deseribed in [9], Amersham Hyperﬁlm MP X-ray film
was used for nutoradlography :

2.2 Macroplragc preparation and incubalion

The mouse macrophage cell-line WEHI (kindly supplied by Dr C. G.

Brooks, University of Newcastle upon Tyne) was maintained in
RPMI-1640 medium {Northumbria Blologicals), containing 10%
foctal calf serum (Sigma), 50 U/ml penicillin, 50 U/ml streptomycin,
3 mM glutamine (Gibco) and 50 xM 2-mercaptoethano! (Sigma). Cells
were harvested by centrifugation at 200 x g for 10 min and the ¢gll
pellst resuspended at a final concentration of approx. 5 x 107

~ cells/ml in Eagle's minimum essential medium (EMEM) (Northum-

bria Blologicals) containing $0% foetal calf serum, 50 U/mi-
penicillin, 30 U/ml streptomycin, 3 mM glutamine and 50 pM
2-mercapioethancl (medium A). :

Peritoneal macrophages were harvested from unsnmulated female
BALB/c mice {4-6' weeks old) in Dulbecco’s phosphate-buffered
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sading (Gibesl, The celle from 812 mice tappras. 1 = 10 veliv por
meuse) were paoled, collected By centrifugation at 200 » g fer 10 min
and washee! three Umes (s ENEM. The washed ealls were revuspencled
In medivar A ata final conedntratlon of approx. & x 16" exlls/mi.
Iy experiments mensuring phavpharylation ef (mraeellalsr pro-
teiny, 30 al of ¢lther WEHI cells ar mouse periteneal mavrophages

were preincubared far 2 b with 100 4Cisml, 0.8 mM [¥Plorthophos-

phaie to allew equilibradon of the radivdctive pharphae with in-

tereellular ATE, MP-phosphorylation of intracellular proteins vax

then stimulated by the addition af dither 1.3 mM dibuyryt opslic
AMP and 100,M Livobuiyll-methyixanthing, § M akadalc acid, or
n mixture of adl three. After 15 min, cedls were harvested by cens
trifugation at 10000 = g for | min and washed twlke in EMEM. The
cell peller was resusperwted in 1.0 ml of 20 mhd Tels:HCI, pH 7.0, con-
ining 20 mM NaP30Q-, 1% (wv) Triten X100, 1% (w/e) 3DS, 1%
(w/v) sadium deaxyenolate, E mM EDTAL 1 mM EGTA, § mM NaF,
20 agsml leupepin, 10 4aM TLCK, 0.1 m¥ PMSE and ) mM
. dithiothreitol and the ¢ell pedlet disrupted by sonfeation for 2 % 15 %
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an lee, wing an exponcalial mivrotiz couphed (8 4 Dawe (ype 733IA
wiiimenke geaceatar. Cell debirke war removed By centrifugation al’
V000 % p Tor & min. lInmuseprecipitales were peepared. Trom Uie
waluble extradt uning anlHSE immwnaglabulin {3) and analyvwed by
S1O%.BPAGE 111) fellowed by dutorsdiography. ‘

LY Asay of cholesteral ester hydrokne aetivity ‘
In experifents meararing uctlvation of neutral cholederol aiter

hydrokuse ativity, | Omisupenslans of WEHI mastephage were ine

cubatedt with eliher 1.4 mM dibumyryl ¢xele AMP and 100 aM

" Fsetway) -methyleinthine, 1.0 aM okadae neid, ara mixiure af all

three. Afier vasious times, selly were harvesied by centrifugation o
16000 # g for | min, washed lo Dultieeen’s phosphiate-bulfsred saline
antt the el pellet reiuipended in 0.3 M) of S WM imidatele-HCL, pH
7.4, containing 0.1 mM benzamidine-HCL | mM dithiothreitol, 30%

twdvd glycernl, 0.2% (wov) Gy 30 mS| NaCH 8 mMt NaPi0:, 20

mM EDTA, ¥ xg/mt leupeptin and | pg/ml pepsiaiin, The WEH!
cells were disrupled by vonlention ax desribed previowdy am the

S a
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Fig. 1. Phosphorylation of HSL in intact macrophages. WEHI macrophages (a) or mouse peritoneal macrophages (b) were preincubated for 2
b at 37°C in the presence of 0.5 mCi/ml, 0.8 mM[**P|orthophosphate and then incubated for a further 15 min in the presence of 1.3 mM dibutyryl
‘cyclic AMP and 3-isobutyl-1-methylxanthine (lanes 2 and 6), | #M okadaic acld (lanes 3 and 7), or all three agents (lanes 4 and 8), Control incuba- -
tions were carried out In the absence of these ndditions (lanes 1 and 5), Extracts were prepared as descrlbed in Materials and Methods and samples
{approximately 75 xg protein)} analysed by SDS-PAGE and autoradiography (lanes 1-4) or else incubated with anti-HSL imimunoglobulin and the
immunoprecipitates anelysed by SDS-PAGE and autoradiography (lanes 5-8), Lane 9 contains a sample (0.25 4g) of purified HSL phosphorylated
by cyclic AMP-dependent protein kinase using [y-*2PJATP. ' C
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mmbie LA msawd e dhéimwral ker hyumlaw wi\fhy avpH

1.0 sgainst chelesteval [FHjoleate in aibanalic swipension [13), Ore ‘

wall of enayme activity earalyswex ive refedse af | grel Bty acld per

min. Prolvin wmemrmw&n way derermingd by tw methed of B
- Terd (T3},

‘3. RESULTS AND DISCUSSION

We have presented ovidence previcusly that the
- WEHI macrophage cell-line contains HSL- which is
responsible for the neutral cholesierol esterase activity
in these cells [3]. A key feature of ETSL is its regulation
by phosphorylation by eyvelic AMP-dependent protein
kinase, but this has not been demonsteated within intact

macrophages. To investigate whether this regulatory
mechanism operates within mm.rophnges. WEHI cells

were  preincubated in the presence of [*Plor-
thophosphate, and possible phosphorylation of HSL
investigated by incubation with varlous ngents followed
by immunoprecipitation of the polypeptide from cell
exiracts, As shown in Fig. 1a, incubation of the cells

resulted in phosphorylation of the 84 kDa HSL.
polypepride. Treatment of the cells with dihuryr‘yl cyclic |
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_ AMP and quobutyl I-mclhylxnmhlne an Inhibltor or

cychc AMP phosphodiesternses, caused n significant in-

~erease in the phosphorylation state of HSL (ihe in-

crease, as ¢stimated by densirvamatric seanning of the
autoradiograph, wax appraximately 8-fald), indicating

that the phosphorylation was dependent on the in-

tracellular concentration of eyclic AMP. Addition of
okadaic - acid, a porent inhibitor of pretein
phasphatases 1 and 2A {14] al1o caused a significant in-

“¢rease (approximately 7-foid) in the phosphorylation of

HSL. The effects of agents acting via eyclic AMP and

- of okadaic acid were additive, the overall increase in

phasphorytation being approximmely 14-fold.
- Cell-lines must be used with caution in that they do
not necessarily possess all the essential characteristics of

the cell type from which they are derlved. In view of

this, it was cansidered essential to show that HSL is also
present in mouse peritoneal macrophages and thac the

enzyme can be regulated by phosphorylntion in such

cells. As shown in Fig. 1b, HSL is present in peritoneal
macrophages and can be phosphorylated in :hese cells

in a eyclic AMP- dependent manner.

b
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Fig. 2. Aclivatmn of neutra) cholesierol ester-hydrolase activity in in-
tact macrophages, WEHI macrophages (2 x 10¢ cells/sample) were

inrubated at 37°C with ¢ither 1.5 mM dibutyry! cyclic AMP and 100 -

#M 3-isobutyl- -1-methylxanthine (a}, l;:M okadaic acid {b}, or a-mix~
ture of all three reagents () for the times indicated. Extracts were
prepared and assayed for activity against cholesterol [PH]oleate as in

Materials and Methods. Actlvity is expressed as the percentage in~ -

crease in neutral cholestero) ester hydralase activity over the zero time
control value.
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Incubation of WEHI cells with dibutyryl eyclic AMP
and l-isabutyl-l-methylxanthine also cuused a time-
dependent  increase in o neuwral  cholesterol - ester
hydrolase activity, with maximum a¢tivation being ap-

- proximacely 74% above control values (Fig: Za). Thase
_agents were shown previously to have a similar effeet on

cholesterol ester hydrolase in another microphage cell-
line, namely PD388,, where activiition way alse ¢yclic

AMP-dependent and <id nat result from ather known

effects of butyrate on cultured cells, such ag induction
of protein synthesis [8). Treatment af intact WEH| cells
with okadaic acid was alie found 10 result in a time-
dependent “increase in npeutral cholesterol esteér
hydrolase activity, with maximum activation being ap-
proximately 60% above control values (Fig. 2b). In

- these studies okadaic acid was used in the incubation’
medium at a final concentration of 1 4M, suggesting
‘that both pratein phosphatases 1. and 2A would be in-

hibited 'in the ecell [14]. The finding that neutral

i cholesterol ester hydrolase activity Is increased by

okadaic dcid is further ' strong -evidence that -
phosphorylation plays a direet role in control of
cholesterol ester metabolism in macrophages: ‘

The hormonal regulation of cholesterol: ester

‘mobilisation in macrophages, via phosphorylauon of

HSL, may prove 10 be of therapcutic value in the
management of atherasclerosis, Having established a

" model system whereby control of macrophage HSL ac-

tivity can be directly studied, it should now be feasible

to study whether extracellular agents can facilitate

cholesterol ester mobilisation.

,rlcl-.nowz-dgemenu This work was supporied by u grant f'rom the
British Heart Foundadon.
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