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Abstract-Methylation reactions mediated by S-adenosyl-L-methionine (AdoMet) play an important 
role in a number of biological reactions including bacterial and human monocyte chemotaxis. This study 
evaluated the role of methylation reactions in histamine release from human basophils. Methylation 
was blocked by several methods. Erythro-9-(2-hydroxy-3-nonyl) adenine (EHNA), an inhibitor of 
adenosine deaminase (EC 3.5.4.3). blocked the IgE-mediated histamine release with an lcrcl (concen- 
tration of drug required to produce 50 per cent inhibition) of 0.33 mM. Preincubation of leukocytes 
with adenosine caused some inhibition of IgE-mediated histamine release. This inhibition by adenosine 
was potentiated by the addition of 1 X 10eFM EHNA which alone did not affect histamine release. 
Further addition of L-homocysteine thiolactone at 1 X lo-’ M potentiated the inhibitorv effect of EHNA 
plus adenosine. The effect of I.-homocysteine thiolactone was dose dependent. 3-Deazaadenosine 
(DZA). an inhibltor of S-adenosyl-L-homocysteine hydrolase (EC 3.3.1.1) inlnbited IgE-initiated 
histamine release from human basophils with an IC;~, of -1 mM. This inhibition was potentiated by 
r.-homocycsteine thiolactone. The inhibition by DZA was not potentiated by two different phospho- 
diesterase inhibitors suggesting that the action of DZA was not through changes in intracellular levels 
of cyclic AMP. DZA inhibited during the Ca’+-independent activation step of IgE-mediated basophil 
histamine release. In contrast. when histamine release was induced by the calcium ionophore A23187, 
fMet-Leu-Phe or zymosan-activated serum, there was either no inhibition or enhancement of histamine 
release by these inhibitors of transmethylation. These results suggest that AdoMet-mediated methylation 
plays an important role in &E-initiated histamine secretion from human basophils and that release 
induced by A23187. fMet-Leu-Phe, or C5A, bypasses this reaction step, 

Methylation reactions mediated by S-adenosyl-L- 

methionine (AdoMet)* play an important role in a 
number of biological reactions [l]. S-Adenosyl-L- 
homocysteine (AdoHcy) is produced during reac- 
tions in which the methyl group of S-adenosyk- 
methionine is transferred to a number of acceptor 
molecules, e.g. DNA. RNA, lipids, proteins or 
carbohydrates (Fi_e. I). The specific methylation 
reactions are sensitive to inhibition by AdoHcy. 
Normal methylation. however, occurs because 
AdoHcy is rapidly removed as it is formed. Removal 
is through the actions of S-adenosyk-homocysteine 
hydrolase (EC 3.3.1.1). The equilibrium constant 
for this reaction greatly favors AdoHcy synthesis 
from adenosine and L-homocysteine: under physio- 
logical conditions, these products are rapidly metab- 
olized further by other enzymes; if added in excess 
to a system, however, they result in increasing levels 
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* Abbreviations: AdoHcy: S-adenosyl-I.-homocysteine; 
AdoMet:S-adenosyl-L-methionine; CAMP: cyclic AMP; 
DZA: 3-deazaadenosine; EHNA: erythro-Y-(2-hvdroxv- 
3-nonyl) adenine; Hey: L-homocysteine thio<acto&; 
IBMX: 3-isobutyl-I-methylxanthine: ICS~,: concentration of 
drug required td produce 50 per cent inhibition: Pipes: 1, 
4-piperazine bis-(ethanesulfonic acid); and RO 20-1724: 
4-(3-butoxy-4-methoxybenzyl)-2-imidazolidinone, 

of AdoHcy and in inhibition of transmethylation 
reactions. The AdoHcy pathway can also be influ- 
enced by two inhibitors. Adenosine deaminase (EC 
3.5.4.4) is inhibited by the specific inhibitor ery- 
thro-9-(2-hydroxy-3-nonyl)adenine (EHNA). The 
addition of EHNA together with adenosine and L- 

homocysteine has been shown to result in accumu- 
lation of intracellular S-adenosyk-homocysteine in 
a number of systems [2-4]. The second inhibitor is 
3-deazaadenosine (DZA), a structural analogue of 

ATP 
L-HOMOCVSTEINE S-AOENOSVL-L-METHIONINE 

. 

f&CH, 

AMP - ADENOSINE 

1 
EHNA @ 

4 
INOSINE 

S-ADENOSYL-L-HOMOCVSTEINE 

@) AOENOSVLHOMOCYSTEINE 
HYDROLASE 

@ ADENOSINE DEAMINASE 

IMP - HYPOXANTHINE 

Fig. 1. Pathway of S-adenosyl-L-homocysteine metabolism. 
The sites of action of the two inhibitors. EHNA and DZA, 
are indicated. The S-adenosyl-!_-homocysteine hydrolase 
reaction is reversible-equilibrium constant favors 

synthesis. 
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adenosine: DZA is both a substrate and inhibitor of 
AdoHcy hydrolase [S ,6]. 

Pipes, 40 mM NaOH, 2 mM Ca’*. 0.5 mM M&’ and 
0.03% human serum albumin. 

Methylation reactions play a role in both microbial 
[7] and human monocyte chemotaxis [4]. In bacterial 
systems, the interaction of the chemotactic stimulus 
with its specific receptor results in methylation of a 
certain membrane protein (Xl. Mutants that lack the 
methyl transferase catalyzing the transfer of methyl 
groups from AdoMet to the membrane protein are 
defective in chemotaxis [9]. Other mutants lack the 
specific membrane protein that is methylated, or 
they are deficient in methionine or AdoMet 171. 

Leukocyte preparations. Washed leukocytes were 
prepared from venous blood from normal, or rag- 
weed or grass allergic. donors as described previously 
11% 

Generation of activated.serurn. Zymosan-activated 
serum was used as a source of CSa as described 
previously [ 161. 

A role for methylation reactions in the eukaryotic 
~hemotactic response to the tripeptide diet-Leu-Phe 
by rabbit neutrophi~s has been demonstrated [IO]. 
Treatment of human monocytes with EHNA plus 
exogenous adenosine and I_-homocysteine thiolac- 
tone increased intracellular AdoHcy levels, 
depressed monocyte protein carboxymethylation, 
and inhibited chemotaxis (41. Inhibition of methyl- 
ation reactions. however, does not depress human 
monocyte phagocytosis, but it inhibits mouse macro- 
phage phagocytic function [ 111. Lymphocyte- 
mediated cytolysis is inhibited by DZA, suggesting 
that methylation reactions are also important in this 
reaction fl2]. 

The release of histamine from washed human Leu- 
kocytes is a useful in u&o model for allergic reac- 
tions. The IgE-mediated release is initiated by the 
interaction of antigen or anti-IgE with IgE bound 
to the basophil membrane f 131. Histamine is released 
from the basophil. the only cell that contains his- 
tamine in human blood 1141. This release of hista- 
mine is a secretory phenomenon. The present experi- 
ments suggest that AdoMet-mediated methylation 
plays an important role in IgE-mediated histamine 
secretion from human basophils. In contrast, release 
by the calcium ionophore A23187, fMet-Leu-Phe, 
or C5a bypasses this methylation step. 

IgE-mediated histamine release reactions. To study 
the effect of inhibitors, washed cells were preincu- 
bated with various concentrations of the compound 
for 60 min at 37”. The histamine-release reaction was 
initiated by the addition of an optimal con~entrati~)tl 
of either antigen or anti-IgE and allowed to proceed 
for 45 min. The reaction was stopped by centrifu- 
gation at 700g at 4” for 15min. The concentration 
of antigen or anti-IgE was chosen to be optimal by 
prior titration of the individual’s cells. In all experi- 
ments, reagent blanks contained cells, the compound 
being tested, and medium. Experimental tubes were 
in duplicate or triplicate, with less than 5 per cent 
difference between duplicates. All experiments were 
performed at least twice (see also legends). Spon- 
taneous release in the absence of antigen or anti-I@?. 
was consistently less than 5 per cent. For two-stage 
reactions, leukocytes were washed in medi~im free 
of Cal-I and Mg’+, resuspended in the same medium 
containing 0.04 mM EDTA, prewarmed to 37”, and 
preincubated with compounds for 90 min and, then, 
with an optimal concentration of antigen or anti-I@ 
for Zmin. Ice-cold buffer was added and the tubes 
were centrifuged for 1 min at 120Og to stop the 
reaction. Cells were washed at 2” with medium and 
then resuspended in regular medium containing C’a” 
and Mg”. Reaction was continued at 3’7” with anti- 
gen, anti-IgE, or medium for 45 min. Control leuko- 
cytes were incubated without antigen in the first 
stage for 2min at 37”. 

~~fer~a~. Pipes, L-homocysteine thiolactone 
(Hey), 3-isobutyl-l-methylxanthine and adenosine 
were obtained from the Sigma Chemical Co., St. 
Louis, MO. Zymosan was purchased from 
SchwarzfMann, Orangeburg. NY. Human serum 
albumin was obtained as a 25% salt-poor solution 
from Cutter Laboratories, Berkeley, CA. RO 2O- 
1724 was provided by Hoffaman-LaRoche. Inc.. 
Nutley, NJ. EHNA was from Dr. H. J. Schaeffer, 
Burroughs Wellcome Co.. Research Triangle Park, 
NC.. and DZA was synthesized by Dr. J. A. Mont- 
gomery of the Southern Research Institute. Bir- 
mingham, AL. Purified ragweed antigen E was pro- 
vided by the Research Resources Branch, NIAID, 
NIH, and anti-IgE (Fc specific) by Dr. K. Ishizaka, 
Good Samaritan Hospital, Baltimore. MD. FMet- 
Leu-Phe was obtained from Peninsula Laboratories, 
San Carlos, CA. The calcium ionophore A23187 was 
donated by Eli Lilly & Co., Indianapolis, IN. These 
two compounds were dissolved in dimethylsulfoxide 
(Fisher Scientific Co., Fair Lawn, NJ) at 5 x lO_’ M 
and 0.5 mg/ml, respectivelv, and stored at -20”. 

~iista~i~e release reacfions induced by ft~~J[-~ezf- 
P&e. jo~o~?~~re A23187, or ;JL’17losan-acfirtutrri 
serum, The incubation conditions for t~et-Leu-Phe- 
or ionophore A231~7-induced histamine release 
were identical to those for the IgE-mediated reac- 
tion. For zymosan-activated serum-induced release, 
however, cells were preincubated with inhibitors for 
only 20 min at 25” and, after the addition of activated 
serum, reaction was continued for 30 min at 25’. As 
a control, the same leukocytes were tested fol 
IgE-mediated histamine release. 

Histamine assay. Histamine was assayed by the 
automated fluorometric technique 117). Calculations 
were described previously [ 151. 

Starisricai analysis. Student’s t-tests for paired 
samples or t-tests for two means were used to analyze 
the histamine release data. St~~tistical si&ni~~~~n~~ is 
indicated in the figures by the use of asterisks: (+)P CC 
0.05; (**) P<O.Ol; and (**‘) P<O.OOl (two-tailed). 
The N indicates the number of individual experi- 
ments used in the calculations: results are expressed 
as means& S.E.M. 

RESULTS 

Solutions. For histamine-release studies the 
medium contained 119 mM NaCI, 5 mM KCI, 25 mM 

Effects of adenosine, EHNA and I.-hornucyteine 
thiolactone on IgE-mediated histwnitze r&clsP. 



Transmethylation and histamine release 

INHIBITOR R.4) 

Fig. 2. Inhibition by EHNA of IgE-mediated histamine 
release from human basophils. Washed leukocytes from 
normal or allergic individuals were preincubated with the 
various concentrations of EHNA for 60min at 37”. Rag- 
weed antigen E or anti-IgE was added, and the incubation 
continued for another 45 min. Each point is the mean 2 
S.E.M. from four donors. Release in the absence of inhib- 
itor was X = 59 per cent (range 45-75 per cent). Statistical 
significance is indicated by the use of asterisks (*) P<O.O5: 

and (***) P<O.OOl (two-tailed). 
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Fig. 3. Inhibition, by adenosine, EHNA, and L-homocy- 
steine thiolactone, of IgE-mediated histamine release. 
Washed leukocytes were preincubated with the various 
inhibitors for 6Omin at 37”. Histamine release was with 
antigen or anti-IgE for 45 min. Each point is the mean 2 
S.E.M. from four donors; the S.E.M. for inhibition with 
adenosine was fess than 3 per cent and is not shown. 
Release in the absence of inhibitor was x=57 per cent 
(range 45-75 per cent). The inhibition became significant 
at P<O.OOS (Student’s r-test) with inhibitor concentrations 
above the following levels: adenosine, 1 x iO-‘M; adeno- 
sine (5 x lo-’ M) plus EHNA; adenosine (1 x lo-” M) and 
r.-homocysteine plus EHNA. The increased inhibition by 
EHNA above that by adenosine became significant at 
5 X 10mJM adenosine (P r; 0.005). i_-Homocysteine thio- 
lactone potentiation of inhibition caused by EHNA plus 
adenosine became significant at an adenosine concentration 
of 2 X lo-‘M (P < 0.005). EHNA at 1 X lo-‘M and L- 

homocysteine thiolactone at 1 X 10M1 M alone had no effect 
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INHIBITOR (M) 

Fig. 5. Inhibition by 3-deazaadenosine of IgE-mediated 
histamine release from human basophils. The leukocytes 
were preincubated with various concentrations of 3-dea- 
zaadenosine for 60 min at 37”; histamine release was with 
antigen or anti-IgE for 45 min. Each point is the mean ? 
S.E.M. from eight experiments. Release in the absence 
of inhibitor was ic = 63 per cent (range 45-85 per cent). 
Statisticai significance is indicated as follows: (**) P < 0.01. 

on histamine retease. and (***) P < 0.001 (two-tailed). 

Hw (MI 

Fig. 4. L-homocysteine thiolactone potentiation of the 
inhibition induced by EHNA plus adenosine. Leukocytes 
were preincubated at 37” for 60min: antigen was then 
added and the incubation continued for 45 min. Each point 
is the mean + S.E.M. from three donors. Release in the 
absence of any inhibitor was X = 61 per cent (range 25-X2 
per cent). The inhibition of histamine release by 1 x 10ms 
M EHNA and 2 x IO-‘M adenosine was potentiated by 

1 X 10e5 M L-homocysteine thiolactone (P < 0.001). 

EHNA is an inhibitor of adenosine deaminase, the 
enzyme that catalyzes the conversion of adenosine 
to inosine. EHNA inhibited the &E-mediated his- 
tamine release with an lcsu of 3.3 x lO_“M (Fig. 2). 

Incubation of leukocytes with adenosine caused 
some inhibition of histamine reIease, which reached 
a maximum of 36 per cent (Fig. 3). The addition of 
1 x lo-‘M EHNA to adenosine slightly potentiated 
this inhibition. Further addition of r.-homocysteine 



788 Y. MORITA, P. K. CHIANG and R. P. SIKAGANIAN 

INHIBITOR (M) 

Fig. 6. L-Homocysteine thiolactone potentiation of the 3- 
deazaadenosine-induced inhibition of histamine release. 
Leukocytes were preincubated with various concentrations 
of 3-deazaadenosine and 1 x lo-’ M t.-homocysteinc thio- 
lactone for 60min at 37”. Anti-IgE was then added. and 
the incubation continued for another 45 min. Release in 
the absence of any inhibitor was 45 per cent. L-Hornocy- 
steine thiolactone potentiation of the inhibition of hista- 
mine release by 3-deazaadenosine was significant by the 
paired r-test (P < 0.001). Similar potentiation was observed 

in two more experiments. 

thiolactone to the adenosine-EHNA further 
enhanced this inhibition. These concentrations of 
EHNA and L-homocysteine thiolactone by them- 
selves did not inhibit histamine release. The enhanc- 
ing effect of L-homocysteine thiolactone was dose- 
dependent (Fig. 4) and was observed at concentra- 
tions greater than 1 X 10m5 M. 

- 

Cell Preincubation With 

0 DZA 1O-4 M 

m DZA 2x10-’ M 

m DZA 5~10.~ M 

0 DZA 10“ M 

The duration of incubation of these inhibitors with 
the cells prior to activation with anti-I@ or antigen 
was a critical factor in demonstrating their effects. 
The maximal effect of adenosine W;IS achie\,ed bl 

a preincubation period of 30 min. whereas the com- 
bination of adenosine. EHNA and I -homocq.steine 

required 60 min of preincubation time (data not 
shown). 

Inhibition of lmophil histcmirw relrmr with 3-tlcw 

zaadenosinr. The experiments mith EHNA. adeno- 
sine and I.-homocysteine suggehtcd that inhibitors 
that elevate the intracellular level of AdoHcy inhibit 
histamine release by inhibiting methylation. Bccausc 
cells have adenosine receptors that modulate cyclic 
AMP (CAMP) [IS. 191, however. the observed 
results could have been due to changes in CAMP 
levels. Therefore, a series of experiments WIS per- 
formed with Sdeazaadenosinc, which is both an 
inhibitor and substrate for AdoHcy hydrolase. This 
inhibitor does not elevate CAMP levels 1121 and in 

some systems will decrease intracellular CAMP [?O]. 
Histamine release from leukocytes was inhibited 

by Sdeazaadenosine. with ~1 I(‘~,~ of - I mM (Fig. 
5). The activity of DZA was not affected hy the 
addition of EHNA. This is compatible with the 
observation that DZA is not a substrate for adeno- 

sine deaminase [S]. The effect of DZA was poten- 
tiated by the addition of I -homocysteine thiolacto- 
ne-the I( (II for DZA alone LV;LS 6 x IO ~’ M and 
shifted to 1.5 x 10~ M when I.-homocvxteine thio- 
lactone was also present (Fig. 6). The- effect of I - 
homocysteine thiolactone was concentration depcn- 
dent; potentiation of inhibition was ohscr\ed at con- 
centrations of L-homocysteinc thiolactone hetwccn 
5 x lO_‘M and 2 x IW’M (data not shown). The 
action of DZA alone or in combination with I -homo- 
cysteine thiolactone required prolonged (up to 

First Step: Buffer Antigen E or Anti-lg E Antigen E or Anti-lg E 

Second Step: Antigen Eir Anti-19 E 

+ + 
Buffer Antigen E a Anti-lg E 

Fig. 7. Effect of 3-deazaadenosine on basophil activation. Aliquots of Icuhocytea in Ca‘-lrcc medium 
were incubated for 90 min with 3-deazaadenosine at 0, 1. 2, 5. and 10 x IO ’ M conccntratim~. 1‘11~ 

cells were activated with antigen or anti-IgE for 2 min. washed. and suspended in Ca“ medium lor 
45 min. One group of control cells was not activated in the first step and was challenged onl) in the 
second step (first panel): N = 8; contra! release was 67 per cent (range 5X-73 per cent). An asterisk 

indicates statistical significance at P < 0.05 (two-tailed). 
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Table 1. Effects of inhibitors of methylation on ionophore A23187-. fMet-Leu-Phe-, or C5a-induced histamine release 
from leukocytes 

Control 
histamine 
release* 

EHNA (lo-’ M) 
+ Hey (IO-’ M) Hey (lo-’ M) 

+ Adenosine (5 X 10-j M) DZA (5 x lo-” M) 

Histamine Enhancement (+) Histamine Enhancement ( f) 
release Inhibition (-) release Inhibition (-) 

Releasing agent 

Ionophore A23187, 0.17 &ml.$ 
fMet-Leu-Phe, 1.7 x lo-’ M$ 
Anti-IgE or antigent 
C5all 
Anti-IgE or antigen/l 

o/c (% t S.E.M.)t 

73 2 4 74 * 4 +7-t5 97 _t 2 i27 t 5§ 
48 t 8 57 i 10 +28 t 61 68+. 10 +33 + 45 
53% 11 5*2 -92 _t 35 16 t 6 -75 t 7p 
37 t 3 49 _c 3 +36 2 99 53 2 5 +47 ? lop 
39 _t 10 17 -e9 -60 ? 105 36 +- 12 -14 + 77 

* Total histamine content was 14-33 ng/ml. 
t X _t S.E.M. for five separate experiments with ionophore and fMet-Leu-Phe and three with C5a. Paired r-test was 

used to compare the results in each experiment. 
$ Leukocytes with inhibitors were preincubated for 60 min at 37”: histamine release step was 40 min at 37”. 
0 P<O.OOl. 
11 Preincubation with inhibitors was at 25” for 20min; histamine release step with C5a was 30min at 25” and with 

I&-mediated system it was 40 min at 37”. The DZA concentration was lo- M. 
-7 P<O.Ol. ’ 

90 min) preincubation of cells with the inhibitor (data 
not shown). When cells were incubated with DZA 
for 60min, washed, and activated, they released 
normally; the effect of DZA plus homocysteine, 
however, was not reversed completely by simply 
washing the leukocytes. 

Further studies were performed to test the pos- 
sibility that the action of DZA was mediated through 
the CAMP system. Two different CAMP phospho- 
diesterase inhibitors, IBMX and RO 20-1724, 
inhibited histamine release in a dose-dependent 
fashion. These inhibitors at suboptimal concentra- 
tions did not potentiate the inhibition caused by 
DZA. The lack of a sypergistic effect of DZA and 
the phosphodiesterase Inhibitors, together with the 
data that show that DZA had no effect on intra- 
cellular CAMP levels of murine lymphocytes [12], 
suggests that DZA does not affect the CAMP level 
of human basophils. 

Effects of these inhibitors on the early and late 
stages of &E-mediated histamine release. The IgE- 
mediated histamine release reaction from human 
basophils can be divided into at least two stages: 
during the first stage, there is Ca”-independent 
activation of the cells, and release occurs during the 
second Ca’+-dependent step. The effects of the var- 
ious inhibitors on these two stages were investigated. 

Leukocytes were preincubated with DZA for 
90 min, activated with antigen E or anti-IgE, washed. 
and incubated in Ca”-containing buffer (Fig. 7). 
There was significant inhibition of histamine release 
at concentrations of DZA of 0.5 and 1mM. As 
observed earlier, washing removed the inhibitory 
effect of DZA (first panel of Fig. 7). Antigen or 
anti-IgE was also added in the second stage to cells 
that had been activated in the first stage in the 
presence of DZA (third panel of Fig. 7). Under 
these conditions, there was less inhibition of hista- 
mine release. 

In other experiments, we observed that adenosine 
(at 5 x 10e4 M) exerted its action in the first stage of 
histamine release (data not shown). The inhibition 

caused by the combination of EHNA, adenosine, 
and L-homocysteine thiolactone was not reversed by 
washing the cells; therefore, the experiments could 
not answer the question whether inhibition occurred 
only during the first stage. 

There was no inhibition by any of these compounds 
when they were present only during the second stage 
of histamine release (data not shown). 

Effects of these inhibitors on histamine release 
induced by the calcium ionophore A23187, fMet- 
Leu-Phe, or zymosan-activated serum. The calcium 
ionophore A23187, formyl methionine-containing 
peptides, and C5a each release histamine from 
human basophils by mechanisms that differ from 
that causing IgE-mediated release [16,21-261. The 
preincubation of washed leukocytes with adenosine 
and EHNA plus L-homocysteine thiolactone, or with 
DZA plus L-homocysteine thiolactone, did not cause 
inhibition of A23187-, fMet-Leu-Phe- or C5a- 
induced histamine release (Table 1). With both fMe- 
t-Leu-Phe- and CSa-induced histamine release there 
was significant enhancment of histamine release by 
both combinations of inhibitors, whereas the 
A23187-induced release was enhanced only by DZA 
plus L-homocysteine thiolactone. There was inhibi- 
tion of IgE-mediated histamine release from the 
same cells tested in the same experiments. The 
enhancement was dependent on the concentration 
of inhibitors (data not shown). 

DISCUSSION 

AdoMet participates in a number of biological 
reactions. These reactions are sensitive to inhibition 
by AdoHcy. Under physiological conditions, how- 
ever, normal methylation occurs because AdoHcy 
is hydrolyzed to form adenosine and L-homocysteine 
through the action of AdoHcy hydrolase. This reac- 
tion, catalyzed by AdoHcy hydrolase, is reversible, 
with the equilibrium constant greatly favoring 
AdoHcy synthesis. The accumulation of AdoHcy in 
the cell due to inhibitors results in inhibition of 
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methylation reactions. In the present experiment, 
two different approaches were used to inhibit intra- 
cellular methylation. The first approach was to add 
EHNA, an inhibitor of adenosine deaminase (Fig. 
2). EHNA alone caused inhibition of histamine 
release. The addition of suboptimal concentrations 
of EHNA, which alone were not inhibitory, poten- 
tiated the action of adenosine, and this inhibition 
was more pronounced in the presence of L-homo- 
cysteine thiolactone (Fig. 3). From the pathways 
involved. it can be seen that EHNA in combination 
with adenosine and L-homocysteine thiolactone 
could inhibit AdoHcy hydrolase and cause the accu- 
mulation of AdoHcy within the cells. Such accu- 
mulation of AdoHcy under these conditions has been 
observed in several systems 12-41. This combination 
of adenosine and EHNA plus L-homocysteine thio- 
lactone inhibits in oiuo DNA methylation in cultured 
S49 mouse lymphoma cells [2] and protein carboxy- 
methylation of human monocytes [4]. 

The second approach was to use DZA to cause 
accumulation of intracellular AdoHcy. DZA is a 
substrate and inhibitor of AdoHcy hydrolase. In the 
present experiment, it inhibited histamine release 
(with an I+, of - 1 mM). This inhibition was poten- 
tiated by the addition of L-homocysteine thiolactone. 
DZA has been found to cause accumulation of 
intracellular AdoHcy in a number of systems 
(5, 11, 12,201. Protein carboxymethylation. lipid 
methylation, and guanidoacetate methylation have 
been reported to be inhibited by DZA [20,27-291. 
The inhibitory effect of DZA was not enhanced by 
the addition of suboptimal concentrations of two 
different phosphodiesterase inhibitors; this is strong 
evidence that DZA does not elevate intracellular 
CAMP levels. Similar results of a lack of an effect 
of DZA on murine lymphocyte CAMP levels have 
been reported [ 121. 

In contrast to IgE-mediated reactions, histamine 
release induced by ionophore A23187. fMet-Leu- 
Phe, or C5a was not inhibited but was enhanced 
significantly by the preincubation of the cells with 
the combination of adenosine, EHNA. and L-homo- 
cysteine thiolactone or DZA with L-homocysteine 
thiolactone. The mechanism for this enhancment is 
not clear. The results, however, indicate that his- 
tamine release induced by these stimuli does not 
require a methylation step. 

Adenosine inhibits IgE-mediated histamine 
release from human basophils due to the elevation 
of CAMP levels following its interaction with a spe- 
cific membrane receptor [19]. Therefore, the inhi- 
bition induced by adenosine could be due to changes 
in intracellular CAMP levels. Adenosine alone, at 
all concentrations tested, only partially inhibited 
histamine release. The potentiation of this adenosine 
inhibition by EHNA plus L-homocysteine thiolac- 
tone suggests that the combination of these com- 
pounds was blocking methylation. The accumulation 
of intracellular adenosine and L-homocysteine would 
inhibit the hydrolysis of AdoHcy and result in 
decreased methylation reactions. Further evidence 
that the combination of adenosine, EHNA, and L- 
homocysteine thiolactone did not act via the CAMP 
system is our data that these compounds did not 
inhibit fMet-Leu-Phe- or CSa-induced histamine 

release, two activators which are inhibited by 
increased CAMP levels [22,25]. 

The two-stage experiments demonstrate that DZA 
was effective during the Ca’+-independent first stage 
of histamine release. DZA did not inhibit when 
added to activated cells during the second Ca”- 
requiring stage. These results. however, do not com- 
pletely exclude the possibility that methylation is 
also required during the late stages of histamine 
release. DZA requires prolonged incubation to pro- 
duce its effect; therefore, DZA might not have had 
enough time to act during the histamine release step. 
The action of EHNA-adenosine-L-homocysteine 
thiolactone was not reversed by washing; therefore. 
the experiments could not indicate whether the 
inhibition was during early or late steps in the his- 
tamine release process. 

The data presented here suggest that methylation 
reactions are essential for the IgE-mediated trigger- 
ing of histamine release from human basophils. The 
evidence also indicates that the methylation-depen- 
dent step occurs during the early non-calcium requir- 
ing step(s) of the release process. The rapid rate at 
which the histamine release reaction occurs suggests 
that DNA methylation is not involved. Previous 
experiments have also shown that inhibition of pro- 
tein synthesis does not affect basophil histamine 
release. It is possible, however, that methylation of 
either membrane phospholipids or of preformed pro- 
teins plays a crucial role in histamine release. For 
example, the chromaffin granules have the highest 
concentration of substrate for protein carboxyme- 
thylase in the adrenal medulla [30]. It has been 
speculated that methylation of the granule mem- 
brane results in a change in the charge that allows 
membrane fusion and exocytosis [30]. Whether 
methylation opens Cal+ channels, or allows assembly 
of microtubules or membrane fusion, is open to 
speculation. 

Phospholipid methylation may play an important 
role in membrane function. Two methyltransferases 
have been described, asymmetrically distributed in 
the erythrocyte membrane 131.321. One enzyme 
located on the cytoplasmic surface converts phos- 
phatidylethanolamine to phosphatidyl-N-monoethy- 
lethanolamine. The second enzyme is on the external 
surface and transfers two additional methyl groups 
from S-adenosyl-L-methionine to form phosphati- 
dylcholine. Methylation of phosphatidylethanolam- 
ine increases erythrocyte membrane fiuidity (331 and 
unmasks cryptic P-adrenergic receptors [34]. In rat 
reticulocyte ghosts, the /j-agonist I.-iaoproterenol 
stimulates phospholipid methylation and synthesis 
of both phosphatidyl-N-monomethylethanolamine 
and phosphatidylcholine 1351. 

The present results suggest that AdoMet-mediated 
methylation plays an important role in IgE-mediated 
histamine release from human basophils. While the 
present experiments were in progress. we learned 
of experiments which suggest that membrane 
phospholipid methylation may play a role in hista- 
mine release from rat peritoneal mast cells [Xl. 
There is early membrane phospholipid methylation 
when rat mast cells are stimulated with concanavalin 
A; these methylated phospholipids rapidly begin to 
disappear with increased formation of lysophospha- 
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tidylcholine. Therefore, methylation of specific 
phospholipids probably is an essential early step in 
&E-mediated cell activation and histamine release. 
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