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ABSTRACT

Antigenic stimulation of rat basophilic leukemia cells sensitized with
immunoglobulin E causes the release of histamine as well as arachidonic acid
and its metabolites. The release of these substances is preceded by an in-
crease in phospholipid methylation. Inhibition of phospholipid methylation
is correlated to the inhibition of histamine release. Inhibition of methyla-
tion also reduces arachidonate release. Phospholipid methylation appears to
be associated with both histamine secretion and the release of arachidonate
and its metabolites.
INTRODUCTION

Basophils secrete histamine upon stimulation of the immunoglobulin E (IgE)-
receptor canplex by an antigen (1). The release process is exocytotic and temper-
ature, calciumn and energy dependent (2). Two stages appear to be involved in his~
tanine release. The membrane is first activated by the antigen; this is followed
by an exocytotic secretion of histamine. The manbrane event is initiated by an
antigen stimulated lateral movement and bridging of the IgE~receptor camplex (3,
4). Recent work in our laboratory has shown that phospholipid methylation
affects many membrane events including lipid translocation (5), membrane fluid-
ity changes (6), coupling of the beta-adrenergic receptor with adenylate cyclase
(7) and lectin induced lymphocyte mitogenesis (8). These findings prampted a
study on the relationship between phospholipid methylation and histanine release

fran rat basophilic leukemia cells (9,10). We now report that changes in
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phospholipid methylation are associated with the IQE mediated secretion of

histanine and release of arachidonic acid and its metabolites.

METHODS

Preparation of Rat Leukemic Basophils: The 2H3 clone of rat basophilic
Ieukania cells was grown as a monolayer (1l). The cells were grown in 35 mm
dianeter wells in Eagles minimum essential medium with Earles' balanced salt
solution, 15% heat-inactivated fetal calf serum, 100 units/ml penicillin, 100
ug/ml streptamycin and 100 ug/ml gentamycin (11). The media was changed and
replaced with Eagles minimun essential media containing 0.1% bovine serum
albumin 30 hours after cultures were initiated with 10° cells detached with
trypsin-EDTA. Experiments were carried out approximately 18 hours after the
replacanent of the media.

Histanine Release: Following stimulation with antigen the cells in a 35 mm
diameter well were sensitized with 50 ul of a mouse ascitic fluid containing
ovalbumin specific IgE (12). Histamine release was initiated by the addition
of 10 ug/Mml of ovalbumin. Histanine released into the media as well as that
renaining in the cells was assayed by the autanated fluorametric technique
(13).

Phospholipid Methylation: Cells were incubated at 37°C with 100 uM (3H-methyl]-
L~methionine. The reaction was stopped by removing the media, and adding 1

ml of 10% trichloroacetic acid. Cells were detached fram the wells with a
rubber policeman and the wells were washed with an additional 1 ml 10% tri-
chloroacetic acid. After centrifugation at 27,000 x g for 10 minutes, 3 ml of
chloroform/methanol (2/1, v/v) was added to the pellets and the phospholipids
were extracted (14). Same lysophospholipids are lost with this extraction
procedure. Lysophosphatidylcholine fommation was detemined by extraction
with n-butanol (15). Phospholipids were identified by thin layer chramatog-—
raphy (16).

Nucleotide Methylation: Cells were solubilized in 1 ml of 1% sodium dodecyl
sulfate. Nucleotides were then extracted into 3 ml of 98% phenol. The aqueous
phase was discarded and nucleotides were then precipitated by adding 5 ml of
ethanol. Solutions were stored overnight at -20°C. The precipitate was pellet-
ed by centrifugation, dissolved in 1% sodium dodecyl sulfate and counted by
liquid scintillation spectrametry.

[14c]-Arachidonic Acid Release: The cells were labelled with [14C]-arachidonic
acid (8 uM, 55.5 mCi/mM) 30 minutes after sensitization with IgE. Cells were
washed thoroughly two times with Fagles minimum essential medium containing
0.1% bovine serum albunin to remove free arachidonic acid. Release of arachi-
donate and its metabolites was detemnined by taking aliquots fram the media.
To detemine the distribution of [1}4C]-arachidonic acid incorporation, phos—
pholipids were separated by two dimensional thin layer chramatography with two
different systems. A. Chlorofom-methanol-water (65:25:4) followed by 1-
butanol-acetic acid-water (60:20:20). B. Chlorofom-methanol-28% ageous
amonia (65:35:5) followed by chlorofom-acetone-methanol-acetic acid-water
(5:2:1:1:0.5).

RESULTS AND DISCUSSION

To examine whether rat basophilic leukemia cells could methylate phospho-

lipids, cells were incubated with [3H-methyl]-I-methionine. After 60 minutes
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Fig. 1. 1Increased phospholipid methylation and histamine release._ Rat baso-
philic leukemia cells were preincubated in the presence of 100 uM [3H-methy1]
methionine (440 don/mol) for 90 minutes in Eagles minimum essential medium
with 0.1% bovine serum albumin. During the first 60 minutes ovalbumin specific
IgE was added to sensitize the cells. The cells were washed and after 30 addi-
tional minutes incubation with [3H-methy1] methionine, ovalbumin (10 ug/ml)
was added. Bovine serum albumin was used for controls. At each indicated
time an aliquot of the supernatant was taken and along with the cells was
assayed for histamine and methylated phogpholipids. (Upper graph A) Percent
change fram the zero time value in the [3H-methy1] incorporation into phos-
pholipids at various time intervals. The zero time value varied fram experi-
ment to experiment, ranging fram 11.2 to 21.9 pmol/106 cells of [3H-methy1]
incorporation into phospholipids. (Aa—a) Cells stimulated with ovalbunin;
(O--0) controls. (Lower Graph B) Percent of the total histamine content
released. ( &——aA ) Cells stimulated with ovalbumin; ( O— —O ) controls.
Each point represents the mean of duplicate detemination in four separate
experiments. Vertical bars represent the standard error of the mean.

the 3H—methylated phospholipids were extracted into chlorofom-methanol and
separated by thin layer chramatography. The [3H]-methylated phospholipids
were distributed in phosphatidylcholine (61%), phosphatidyl-N,N-dimethylethanol-
anine (24%) and phosphatidyl-N-monanethylethanolamine (15%).

The effect of stimulation with antigen on phospholipid methylation and
its relationship to histamine release was examined in rat basophilic leukemnia
cells preincubated with both ovalbunin specific IgE and [3H-methyl]—I.ﬁnethio-
nine. Sensitization with IgE did not affect phospholipid methylation. The
addition of the antigen, ovalbumin, caused a rapid increase in [3H-methyl]

incorporation into phospholipids (Fig. 1A). Within one minute after stimula—
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tion with antigen, there was a significant (p < 0.01) increase in the incorpor-
ation of [3H-methyl] group into phospholipids. The increase was greatest at
approximately three to five minutes after stimulation. After five minutes,
the [3H-methy1] groups present in phospholipids began to decline. The incorpor-
ation of [3H-methyl] group in the unstimulated cells continued to rise at a
steady rate. Twenty minutes after the addition of antigen the amount of [3H]-
methylated phospholipids in the stimulated cells was decreased (p < 0.01).
IgE-mediated histamine release became apparent three to five minutes after
the addition of antigen (Fig. 1B). Secretion of histamine was canplete after
about 20 minutes. In cells stimulated with antigen the increase in [3H-methyl]
incorporation preceded histanine release whereas the decline in methylated phos-
pholipids paralleled the release of histamine. These observations suggested
a relationship between phospholipid methylation and the secretion of histamine.
Recent reports have shown that incubation of cells with 3-deazaadenosine
and hanocysteine thiolactone leads to the accumulation of S-adenosylhano~
cysteine and 3-deazaadenosylhamocysteine which then results in the inhibition
of S-adenosylmethionine requiring methyltransferases (17,18). 3~Deazaadenosine
and hanocysteine thiolactone were added during the IgE sensitization period
and the effect on phospholipid methylation and histamine release was examined.
Increasing concentrations of 3-~deazaadenosine in the presence of hamocysteine
thiolactone produced a concentration dependent inhibition of both the release
of histamine and the incorporation of [3H—met-hyl] group into phospholipids
(Fig. 2). At each concentration of 3-deazaadenosine the inhibition of phospho-
lipid methylation was almost identical to the inhibition of histamine release.
This correspondence of dose-reponse curves suggests that both processes are
inhibited by the drug acting at a camon site (19), i.e., phospholipid methyl-
transferases. The addition of 5'~deoxy-5'~(isobutylthio)-3-deazaadenosine (3
X 10"4M), another methyltransferase inhibitor (20), also blocked both phospho-
lipid methylation (58%) and histamine release (59%). To detemine if the in-

hibition of other methylation processes corresponded to the inhibition of his-
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Fig. 2. Percent inhibition of histamine release and [3H—methyl] incorporation
into phospholipids. Various concentrations of 3-deazaadenosine and hamocys-
teine thiolactone (2 x 10‘4M) were added during the 90 minutes preincubation.
The incorporation of (3 H-methyl] into phospholipids was measured five minutes
after stimulation with ovalbumin. The release of histamine was measured 20
minutes after the addition of ovalbumin. ( &4 -—a ) [3H-methyl) incorporation
into phospholipids. ( O——0O ) Histamine release. Each point represents the
mean of triplicate deteminations. Vertical bars represent the standard error
of the mean.

tamine release, nucleotide methylation was measured. 3-Deazaadenosine (10"3M)
and hanocysteine thiolactone (2 x 10™4M) inhibited nucleotide methylation by
27%, while histamine release was inhibited 59%. These observations suggest
that phospholipid methylation is one of the required methylations for histamine
release.

The correspondence of the antigen stimulated histamine release with the
decline of the [3H-methyl] labelled phospholipid suggested that the secretion
of histamine is linked to the further metabolism of [3H] -methylated phospho-
lipids. [3g-methyl] labelled lysophosphatidylcholine was found following
antigen stimulation. This suggested that a metabolic route might be the
cleavage of phosphatidylcholine by phospholipase Aj.  Since arachidonic acid
is incorporated to a considerable extent into phosphatidylcholine formed
through the methylation pathway (21) cells were pre-incubated with [}4C]-

arachidonic acid. The extent of incorporation of this fatty acid into phospho-
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Fig. 3. Release of (14c]-arachidonic acid and metabolites and its inhibition
bX 3-deazaadenosine. Cells were sensitized with IgE as described in text.
[14c]-Arachidonic acid (8 uM, 55.5 mCi/mM) was added for 30 minutes after
sensitization with IgE. Cells were then washed thoroughly two times with
Eagles minimun essential medium containing 0.1% bovine serum albumin to_remove
free arachidonic acid. Aliquots of the media were taken to detemine [1%C]-
arachidonate release. ( &——a )} Cells stimulated with ovalbumin; (A—=a )
unstimulated controls; (@ - —@® ) cells stimulated with ovalbumin in the
presence of 3-deazaadenosine (1073M) and hanocysteine thiolactone (2 x 1074);
{O~=0 ) unstimulated controls in the presence of 3-deazaadenosine (1073M)
and hanocysteine thiolactone (2 x 107%). Each point represents the mean of
triplicate deteminations. Vertical bars represent the standard error of the
mean.

lipids of rat basophilic leukemia cells was detemined. Phosphatidylcholine
contained 69% of the [14C]-arachidonic acid incorporated into phospholipids.
The addition of antigen to the cells resulted in a marked release of [14c)-
arachidonic acid and its metabolites into the media (Fig. 3) and this parallel-
ed the release of histamine (Fig. 1B). To detemine whether the arachidonic
acid and its metabolites were related to the phospholipid methylation pathway,
the effect of the methyltransferase inhibitor 3-deazaadenosine (10‘3M) was
exanined. 3-Deazaadenosine (10~3M) blocked the release of arachidonic acid
and its metabolites (Fig. 3) as well as histamine release.

Our results demonstrate that IgE stimulated release of histamine is
closely associated with phospholipid methylation and release of arachidonic
acid fram these lipids. The antigen stimulated increase in [3H-methyl] incor-

poration into phospholipids precedes histamine release. Methylation probably
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occurs in a highly localized danain in the membrane where receptors and phospho-
lipid methyltransferases are clustered (22). Phospholipid methylation has

been found to decrease membrane microviscosity (6) which could facilitate
lateral mobility and aggregation of IgE receptors. Concanavalin A, a lectin
which aggregates membrane glycoproteins (23,24), stimulates histamine release
and the decarboxylation of phosphatidylserine in rat mast cells to form phos-
phatidylethanolanine which is then methylated to fomm phosphatidylcholine.
Phosphatidylcholine is then further metabolized to lysolecithin (25). These
observations and the findings presented here suggest that during histamine

release a snall pool of phospholipids is rapidly metabolized as follows:

Phosphat idylethanolanine +CH3 phosphatidyl-N-monanethylethanolamine
e
2 CH3 phosphatidylcholine > arachidonic acid + lysophosphatidyl-

choline. The exocytotic phase of stimulus-secretion coupling takes place as
the histanine-containing granule membrane fuses with the plasma membrane. The
activation of phospholipase Az during secretion generates arachidonic acid, a
prostaglandin precursor, and lysolecithin. Lysolecithin, a known fusogen
(26,27), may facilitate fusion of the granule and plasma membranes. Thus,
phospholipid methyltransferase and phospholipase Ay activation may be events
modulating exocytosis.
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