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ATP-dependent leukotriene export from mastocytoma cells
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The bloxynihesiy of leukotrienes (LT) C, and B, is followed by an expert of these mediators into the cxtracellular space. This transport wis charac-

terized using plasma membrane vesiclex prepured from mastocytoma eélls and identified as an ATP-dependent primary active process. The apparent

Kin-values were 110 nM for LTC, und 4& M for ATP. The transport rate was highest for LTC,, whereas LTD,. LTE,, uad M-acetylLTE, were

wansported with relative rutes of 31, 12 und 8%, respectively, at 4 concentration of 10 aM. LTB, transport was alse dependent on ATP, LTC,

transport was inhibited by LTD, reeeptor antugonists (1C,, = 1.0 uM far MK.571 and 1.3 M for LY 245769) and by the inhibiter of leukotriene

biesynthesis MK-886 (1C,, = 1.8 aM), The ATP-dependent export carrier for leukotrienes in leukotrienesynthesizing cells represents 4 novel
member of the family of ATP-dependent exit pumps.

ATP-dependent trinsport; Mistocyloma cells; Leukotrienc export

1. INTRODUCTION

The leukotrienes as members of the eicosanoid fami-
ly of mediators are most biologically active substances
eliciting inflammatory and allergic reactions {1-5]. In a
limited number of cell types, e.g. mast cells, eosino-
phils, monocytes, neutrophils, and macrophages, the
formation of leukotrienes is initiated by liberation of
arachidonate from membrane phospholipids and by the
synthesis of LTAs which is converted to LTB; or to the
glutathione conjugate LTC4. Most actions of the
leukotrienes are exerted from the extracellular space.
Leukotriene transport across the plasma membrane
{6,7] is therefore a prerequisite for expression of their
biological activities through the interaction with recep-
tors [8].

The present study deals with the mechanism underly-
ing the membrane transport of LTC4 and LTBs in
leukotriene-producing cells.. The formation - of
leukotrienes is particularly active in mastocytoma cells,
the source from which LTC, was first isolated [9]. Us-
ing plasma membrane  wvesicles from mouse
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mastocytoma cells we present evidence for the existence
of an ATP-dependent export system responsible for the
release of LTC, (Fig. 1) as well as LTB,.

2. MATERIALS AND METHODS

2.1. Biochemicals and enzymes

ATP, creatine phosphate, creatine kinase, and phenylmethylisul-
fonylfluoride were obtained from Boehringer Mannheim (Mann-
heim, Germany). [5,6,8,9,11,12,14,15-*Ha)Arachidonic  acid,
14,15-*Ha-labeled LTBa, w-OH-LTB4, LTC4, LTD4, and LTEs were
purchased from DuPont-New England Nuclear (Boston, MA, USA),
{(*H)w-COOH-LTBa was syntiesized from {*H)w-OH-LTB4 and kind-
ly provided by G. IJedlitschky from our laboratory ({10],
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Fig. 1. Scheme of biosynthesis and ATP-dependent export of LTC,
from leukotriene-generating cells,
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PHILTEsNAC was prepared by chemival Nacetylation of {'H)LTE,
{14}, Unfabeled LTH: wi From Amersham Buchler (Bravnwhweig,
Germanyl, LTC,, LTD., and LTE. were from Salford Ulirating
Chemdcals and Revearch (Manchewer, UK). DNPXG was prepared
a3 deveribed previowsdy {12). The LTD. receplor antagonist MK:37)
[(X=(3-(2( T ehlora2 uineliny etheny HphenyD(C-dimethy] - amine
Yoxo propyhilioimethylthio)propancic acid] ([13)) and the leuko:
trienie  biesynthests  inhibitor - MK-8%6  {(3:-|)-(dchlorobenayl)
Ibutylthie-3-opropylindol- 2.1} 2, 2. dimethylpropaneic achd
([14]) were from Dr AW, Ford-Hutchinvon, Merek-Fros Centrg
for Therapewtic Revearch (Pointe Claire-Dorval, Quebee, Canadal.
The LTDs receptor antagonist LY23769  ([(18.2R)5(3{1-hy.
droxy=135,15,15-triflyoro-2-(2-1 H-tetracol- 5. ylethylthio)- pentadeca.
JED3(Z2)dignyl)phenyl): L Hetrazole) ([10)) was supplicd by Dr 3R,
Boot from El Lilly, Lilly Reveurch Centre (Brl Wood Manor,
Windlesham, UK), RPMI 1640 containing 2 mM L-glutamine, fetal
call serum (FCS), and penicillinsstreptomyein (1000 1WA were
from Gibeo (Paisley, Scotland, UK), a-Thioglycerol was from Sigma
Chemigals (St Louis, MO, USA).

2.2, Culture of mustocytona cells

The autonomous malignant mastoeytoma subline L1IBCI10a
from BALB/¢ mouse-derived bone marrow mast ¢ells [15) was kindly
provided by Dr L. Hiitner (Minchen, Germany), The cells were
maintained to grow in RPMI 1640 medium supplemented with 2 mM
L-ghutamine, 20% heat-inactivated FCS, 100 1U/m) penicillin/sirep.
tomyein, and 100 4M a-thioglycerol, in a humidified incubator (5%
CO3z, 37°C) (15]). The doubling time of the ¢ells wax about 20 h, Pro-
duction of LTC4 by the mastocytoma cells afier treatment with § 4M
caleium ionophore A23187 [9) was examined by a radioimmunoassay
after HPLC separation [16),

2.3, Preparation of plasma membrane vesicles from masioeyiona
cells

Mastocytomi cells (0.5-1 % 107 ¢ells) were harvested from the cell
culture by centrifugation (2500 x g, 10 min, 4°C), Cells were suspend.-
ed in 50 ml of ice-cold phosphate-buffered saline (150 mM NaCl, §
mM Na-phosphate, pH 7.4) and centrifuged at 2500x g for 10 min
at 4°C, The resulting pellet (about 2 ml) was diluted 40-fold with
hypotonic buffer (0.5 mM Na-phosphate (pH 7.0), 0.1 mM EGTA,
and 0.1 mM phenylmethylsulfonylfluoride) and gently stirred on ice
for 3 h. The cell lysate was subsequently centrifuged at 100 (000 x g
for 40 min at 4°C. White fluffy material around the yellowish pellet
was collected and suspended in the same hypolonic buffer, After
homogenization with a Potter-Elvehjem homogenizer (20 strokes),
the crude membrane fraction was layered over a 38% sucrose solu-
tion and centrifuged at 100 000 x g for 30 min at 4°C, The turbid
layer at the interface was collected and diluted in 25 ml of 250 mM
sucrose solution containing 10 mM Tris-HCl (pH 7.4). This solution
was centrifuged at 100 000x g for 30 min and the resulting pellet was
suspended in a volume of about 0.5 m! with 250 mM sucrose and 10
mM Tris-HCH (pH 7.4). Vesicles were formed by passing the suspen-
sion through a 27-gauge needle with a syringe. The membrane vesicles
were finally frozen in liquid nitrogen and stored at —70°C until use,
Protein was determined according to Lowry et al, [17]. The resulting
plasma membrane vesicles exhibited a Na*, K*"-ATPase activity [18)
of 170 nmol-min~' mg protein™' with a purification factor of
30-fold as compared to the original cell homogenate,

2.4, Measurement of leukotriene uptake by plasma membrane
vesicles

The standard incubation medium contained plasma membrane
vesicles from mastocytoma cells (100 ug of protein), 10 nM
[*H]leukotriene, 250 mM sucrose, 10 mM Tris-HCI (pH 7.4), 1 mM
ATP, 10 mM MgCl,, 10 mM creatine phosphate, and 100 zxg/ml
creatine kinase (80 U/ml) in a final volume of 110 zl. The reaction
was carried out at 37°C. [*H]Leukotriene uptake was measured by
rapid filtration as described previously [12].
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i, RESULTS

3.1, Chuaracterization of leukotriene transport inro
membrane vesicles from mastocvioma cells

Fig. 2 shows the time course of [PHJLTC, uptake into
inside-out membrane vesicles in the presence or absence
of I'mM ATP; the incubation with ATP resulted ina
significant aceumulation of LTC, into the vesicles, The
uptake was linear with incubation time for 3 min,
Likewise, "HJLTB. was accumulated in vesicles in an
ATP-dependent manner (Fig. 2),

Table [ summarizes the ATP-dependent uptake of
leukotrienes,  prostaglanding B and Fie, and
arachidonate, LTCy was the best substrate among the
compounds studied. LTDy, LTE4, and LTEsNAc¢ were
transported - ATP-dependently with relative transport
rates of 31%, 12%, and 8%, respectively, as compared
to LTC,. LTB4 was transported at a rate of 4% relative
to LTC, uptake, whereas «-COOH-LTB, transport was
less than 1%, PGE;z, PGFaa, and arachidonate were
not substrates for the ATP-dependent transport,

The transport of LTB4 (10 nM) was inhibited by 10
#M LTC, and DNP-SG by 92% and 42%, respectively.
On the other hand, LTC,; (10 nM) transport was in-
hibited by 10 M LTB4 by only 48% . This mutual com-
petition indicates that transport of LTBy and LTC,
may be mediated by a common carrier. Fig. 3 shows the
Lineweaver-Burk diagrams for LTCs uptake into
plasma membrane vesicles with apparent X, values of
110 nM for LTCy (A) and 48 xM for ATP (B).

3.2, Inhibition of LTC, transport into vesicles
Fig. 4 shows the inhibitory effect of two potent
LTDs-receptor antagonists (MK-571 and LY24576Y),

Leukotriene uptake (pmol/mg)

Incubation time. (min)

Fig. 2. Time course of LTCy and LTB, uptake into plasma membrane

vesicles from mastocytoma cells, Membrane vesicles (100 zg of pro-

tein) were incubated with 10 nM [PHJLTCs or [*H]LTB, at 37°C in

the absence or presence of 1 mM ATP. Data are presented as the
means £ SD (n=23).
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Table |

ATPdependent teamport of Kukotrionoy and other cicosanoids inta
plasinit wembrane vevicles from mustogtams gells

ATF-dependent uptake

pmol x mp pretein’ L
LTC, S L& = 0.0} 100
LTy 0.5 = Q07 X
LTE, 020 & 0.09 12
LTENA¢ 0.1} = 001 R
LT 0.07 = 002 . L)
waOH-1LTH, 007 = 0.08 4
& COOH-L TR, < (100} « |
PGE: ' <0,01 <)
PGFs, <0.0) £)
Arachidonste < Q.01 1

Plasma mombrane vesicles from mastocytoma cells (100 pg of pro-
tein) were incubated with the *H-labeled compeunds (10 aM) at 37+¢
for & min and radionetivity incorpornted into the vesicles was
measured as deseribed in section 2. Mean vidues fram triplicate ex-
perimenty = 8§D
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Fig. 3. Lineweaver-Burk diagrams of ATP-stimulated LTC, uptake
into plasma membrane vesicles at varying concentrations of LTC,
(A) and ATP (B). (A) Membrane vesicles were incubated with
[PHILTC4 at 37°C for 5 min in the presence of 1 mM ATP. (B) Mem-
brane vesicles were incubated with 10 aM [*H]LTC; in the presence
of varying concentrations of ATP, ATP-stimulated LTCs uptake was
caleulated from the- difference in radioactivities incorporated into
vesicles in the presence or absence of ATP. Data are presented as the
means £ SD (n=13).
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Fig. 4, Inhibition of ATP.dependent £TCa uptake into plasma mem:
brane veslddes by LTD. receptor anmtagonists (ME-871 and
1Y 24587693, the leukatriene blasynthesis inhibitor MK-846, and the
ghitthione S-conjugate DNP-SC. Membrane vesieles were lneubated
with 10 oM PHJLTC, in the presence of the inhibitors (0.1-200 4M)
a1 A7°C for § min as deveribed in section 2, [nhibldon curves with
1C 0 vislues represent the mean valuex from (riplicate measurements,

the leukotriene biosynthesis inhibitor MK-886, and the
glutathione S-conjugate DNP-SG on ATP-dependent
LTCs uptake into membrane vesicles, MK-571,
LY 245769, and MK-886 inhibited the uptake in a dose-
dependent manner with ICse values of less than 2 2M.
Theinhibition by DNP-SG was less effective (ICs0 =6.4
#M),

4, DISCUSSION

An export of LTCs from human eosinophils has
recently been characterized [6]. However, the underly-
ing mechanism of transport was not identified, ATP-
dependent transport of LTCy across plasma mem-
branes was originally reported by Ishikawa et al. using
rat heart sarcolemma and liver plasma membrane
vesicles [12,19,20], and most rceently an ATP-
dependent transport system responsible . for the
hepatobiliary export of LTC4 and its metabolites has
been identified in liver canalicular membrane [21]. Bas-
ed on these studies it was hypothesized that an ATP-
dependent carrier system may exist in LTC4-producing
cells in order to mediate the release of LTC, from the
cells. We have examined this hypothesis using a murine
mastocytoma cell line. LTC4 as well as LTBs are
generated by mastocytoma cells after the stimulation
with calcium ionophore A23187 [8,9]. As demonstrated
in Fig. 2, plasma membrane vesicles prepared from
mastocytoma cells exhibited ATP-dependent transport
of LTC4 and LTB4. This transport is relatively specific
for LTC4 as compared to other cysteinyl leukotrienes
(Table I). The apparent Km value for LTC, (110 nM) is
similar to that in rat heart plasma membranes (150 nM)
[20] and about 2-fold lower than that in rat liver
canalicular membranes (250 nM) [21].
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Similar as in plasma membrane vesicles from rat
heart and liver [20,21], LTCs transport into
mastocytoma vesicles was inhibited by the glutathione
S-conjugate DNP-SG (1Cse= 6.4 4M). It is noteworthy
that the LTD, receptar antagonists MK-571 and LY-
245769 as well as the leukotriene biosynthesis inhibitor
MK-886 inhibited the ATP-.dependent transport of
LTC, more effectively than DNP-SG (Fig. 4). These in-
hibitors and the cysteinyl leukotrienes share the proper-
ty of amphiphilic anions. These results raise the
question whether some of these compounds may exert
their anti-inflammatory actions not only by antagoniz-
ing LTD, receptors or by inhibiting leukotriene biosyn-
thesis but, in addition, by inhibiting leukotriene export
from cells such as mast cells, eosinophils, and
monocytes. The ATP-dependent export carrier in
mastocytoma cells represents a novel member of the
family of ATP-dependent exit pumps [22,23]. The
molecular structure and properties of leukotriene
tronsport systems in different tissues are currently
under study in this laboratory.
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