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Abstract-Cultured cytolytic T lymphocytes of clonal origin were screened for histamine-stimulated 
cyclic AMP production. Histamine caused a 2- to X-fold elevation of cyclic AMP levels in five independent 
clones. The EC50 for histamine of 1.7 X lo-‘M and the rank order of potencies of H, and Hz agonists 
[impromidine > histamine > dimaprit > 4-methylhistamine > ‘I-methylhistamine > 2-(2-aminoethyl) 
thiazole] were characteristic of the conventional histamine Hz receptor. H, and Hz antagonists inhibited 
histamine-stimulated cyclic AMP elevation with inhibition constants typical for those found on other 
Hz receptor systems. Prior incubation of cells with histamine resulted in a marked loss in responsiveness 
to subsequent histamine challenge. We demonstrate that this desensitization is dose and time dependent 
and results in a change in the efficacy and not the potency of histamine. Although cyclic AMP increases 
could also be elicited with isoproterenol, prostaglandin E, or forskolin, desensitization of histamine had 
no effect on the ability of these agents to stimulate cyclic AMP production. In contrast to the rapid rate 
of histamine-induced desensitization. recovery of histamine responsiveness could not be detected for 
several hours. 

Histamine Hz receptors, coupled to adenylate 
cyclase, have been described in diverse cell types 
including brain [l], cardiac ventricular muscle [2], 
gastric mucosal cells [3], and peripheral blood lym- 
phocytes [4]. Histamine interaction with the Hz 
receptor of lymphocytes results in the inhibition of 
cellular inflammatory responses. Studies in uibo 
show that histamine inhibits cytotoxic T cell activity 
[S], activates suppressor T cell reiease of suppressor 
factors [6] and inhibits the production of macrophage 
inhibitory factor [7]. Although it has not been 
demonstrated conclusively that it is the histamine- 
elicited increase in cyclic AMP which mediates these 
effects of Hz receptors, the demonstration that other 
agents which elevate cyclic AMP, such as prosta- 
glandin Ei (PGEi/j), isoproterenol, or phospho- 
diesterase inhibitors [S], also inhibit many lym- 
phocyte functions supports this hypothesis. 

For a variety of hormones it has been demon- 
strated that desensitization, a loss of responsiveness, 
occurs upon prolonged exposure of receptive cells 
to the appropriate hormone. In fact. regulation of 
lymphocyte histamine sensitivity may occur as a 
consequence of persistent stimuIation by histamine. 

* This work was supported by NIH Grants GM30179, 
GM07149. MH32752 and AI09072 and Biomedical 
Research Grant NIH RR53.53. 

8 Author to whom all correspondence should be 
addressed. 

/( Abbreviations: PGE, , prostaglandin El ; IBMX, 3-iso- 
butyl-1-methylxanthine; PBS, phosphate-buffered saline; 
TEA, 2-(2-aminoethyl)thiazole; HEPES, 4-(2-hydropy- 
ethyl)-I-piperazine-ethanesulfonic acid; and FCS, fetal calf 
serum. 

Lymphocytes derived from atopic individuals who 
have demonstrably elevated circulating histamine [9] 
have a diminished responsiveness to histamine in 
cytotoxicity assays [lo] as well as in the generation 
of suppressor cell activity [ll]. Intraperitoneally 
administered histamine has also been shown to 
decrease the responsiveness of murine splenic T lym- 
phocytes to subsequent histamine exposure [32]. The 
mechanism underlying these attenuations of his- 
tamine responsiveness has not been established but 
would be consistent with a desensitization pheno- 
menon 1131. 

To date, examination of the immunological func- 
tion of histamine has been conducted exclusively in 
heterogeneous populations of lymphocytes. Thus, 
despite extensive investigation, the distribution of 
HZ-receptor subtypes among lymphocyte sub- 
populations and, therefore, the cellular sites of his- 
tamine anti-inflammatory actions are unknown. This 
has hampered and complicated studies of histamine 
control of lymphocyte function. To resolve these 
issues, we examined the pharmacological properties 
of several non-transformed immunocompetent, cyto- 
lytic T cell clones. These clones are shown to have a 
histamine sensitive adenylate cyclase with phar- 
macological characteristics of HZ-receptors. The 
desensitization of the Hz-receptor observed in these 
cells provides a model of the regulation in vivo of 
lymphocyte sensitivity to histamine. 

MATERIALS AND METHODS 

Histamine dihydrochloride, isoproterenol, 3-iso- 
butyl-1-methylxanthine (IBMX), cyclic AMP, 
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PGE, , and 02-monosuccinyl-adenosine 3’ : 5’-cyclic 
monophosphate tyrosyl methyl ester were purchased 
from the Sigma Chemical Co. (St. Louis, MO). lzsI 
was purchased from the New England Nuclear Corp. 
(Boston. MA). Cimetidine, metiamide, mepyramine 
maleate, 4-methylhistamine dihydrochloride, 2- 
methylhistamine dihydrochloride, and 2-(2-amino- 
ethyl)thiazole dihydrochloride (TEA) were donated 
by Dr. C. R. Ganellin (Smith Kline & French, 
Research Ltd., Welwyn Garden City, U.K.). Tiot- 
idine was provided by Dr. T. 0. Yellin (ICI Americas 
Inc., Wilmington, DE) and promethazine by Wyeth 
Laboratories, Inc. (Philadelphia. PA). Antibodies 
to cyclic AMP were obtained from Dr. G. Brooker 
(Department of Pharmacology, University of Vir- 
ginia School of Medicine, Charlottesville, VA). All 
other compounds were reagent grade. 

Cell origins and method of cell culture. Cytolytic 
Tcell clones 3Al. C4.2, and B12 were generated 
using previously described methods [14, 151. C57BL/ 
6 spleen cells were sensitized to BALB/c alloantigens 
using a one-way mixed lymphocyte culture. After six 
generations of restimulation, the responding cells 
were cloned by limiting dilution in the presence of 
irradiated BALB/c stimulator cells and rat con- 
canavalin A supernatant fraction as a source of inter- 
leukin-2 (IL-2). After recloning, the cells were 
propagated by weekly restimulation of 4 x lo5 
responding cells (clone) with 2.5 x 10’ irradiated 
(3100 rads) BALB/c spleen cells in 5 ml of medium 
in upright 25 cm’ flasks. The medium consisted of 
RPM1 1640 with 5 x lO-5 M 2-mercaptoethanol, glu- 
tamine, 10% bovine serum (Zeta serum -D), and 
1@12% concanavalin A supernatant fraction. These 
clones are highly cytotoxic for target cells bearing H- 
2d alloantigens. 

Clones AR-1 and 1E4, provided by Dr. E. Pille- 
met-, Stanford University, are from C57L mice 
primed in viuo with the Abelson virus-induced tumor 
cell lines RAW 112 and Ll-2 respectively. Spleen 
cells were restimulated in vitro, cloned, and propa- 
gated using methods similar to those just described. 
AR-1 is specifically cytotoxic for H-2d target cells 
while lE4 recognizes a cell surface Abelson virus 
determinant in the context of H-2h antigens.* 

Stimulation of cells and assay of cyclic AMP levels. 
Cells were harvested by centrifugation at 800g for 
3 min. washed once, and resuspended in phosphate- 
buffered saline (pH7.5, 37”) containing 0.5 mM 
IBMX. In a standard assay. cell suspensions 
(24 x lo5 cells/ml) were preincubated at 37” for 
10 min with continuous gentle agitation. The reaction 
was initiated by the addition of 225 ~1 of the cell 
suspension to 25 ~1 of drug in 12 x 75 mm glass tubes. 
The incubation was terminated after 1 min by the 
addition of 25 ~1 of 1 N HCl. Assay tubes, after 
storage at -20” for periods up to 1 week, were 
thawed, and samples were neutralized with 25 ~1 of 
1 N NaOH. To acetylate cyclic AMP, a lo-p1 aliquot 
of a triethylamine-acetic anhydride (2 : 1) mixture 
was added to each sample, and the tube was rapidly 
vortexed. The cyclic AMP content of lOO-~1 aliquots 
was determined by the radioimmunoassay procedure 
of Brooker et al. [ 161 using [ ““I]tyrosylsuccinyl-cyclic 

* E. Pillemer, manuscript in preparation. 

AMP prepared by the cholarimine T method as 
described by Steiner et al. (171. Standards of cyclic 
AMP were diluted in the incubation buffer and sub- 
jected to the same procedure of acidification. neu- 
tralization, and acetylation. 

Desensitization and its reversal. Cells in culture 
media (RPMI-1640, 10% bovine serum containing 
25 mM HEPES, pH 7.5) were pretreated with vari- 
ous concentrations of histamine for appropriate time 
intervals at 37”. Desensitization was terminated by 
quickly diluting cells with 10 vol. of PBS. Histamine 
was removed by two washes of the centrifuged cells 
(5 min, SOOg) using the same buffer. Cells were 
resuspended in PBS containing 500 uM IBMX at 37”, 
and the residual ability of histamine to stimulate 
cyclic AMP accumulation was assayed by adding 
cells to histamine for 1 min, stopping the reaction 
with 1 NHCI, and measuring cyclic AMP as 
described above. Cell suspensions were recounted 
after the final resuspension to correct for cell loss 
through the centrifugation steps. 

To examine the reversal of desensitization, cells 
were desensitized as described above, washed twice, 
resuspended in RPMI-1640, 10% FCS with 25 mM 
HEPES (pH 7.5), and maintained at 37” with 5% 
CO* atmosphere. At various times thereafter, ali- 
quots were removed. diluted in PBS containing 
500 nM IBMX, and restimulated with 1 mM hista- 
mine. Cyclic AMP levels were determined as 
described above. 

RESULTS 

Screening of clones. Five independent cytolytic 
T cell clones and two lymphomas were screened for 
histamine-stimulated cyclic AMP production. As 
shown in Table 1, all cells had basal cyclic AMP 
levels of 1-2 pmoles/lO’ cells in the presence of 
200 ,uM IBMX. Addition of 50 PM histamine had no 
significant effect on the cyclic AMP levels of the 
two lymphomas. In contrast, all five of the cytolytic 
T cells (C4.2, B12, lE4, 3A1, and ARl) responded 
with a 2- to 3-fold increase in cyclic AMP (Table 1). 
Each of the five clones had linear log dose-response 
curves with half-maximal responses, ECUS values in 
the range 1-3 X 10e5 M. This effect of histamine 
was consistently seen in all five cell lines, although 
variations in maximal fold stimulation did occur 
between experiments. Variability in the stimulation 
of adenylate cyclase has been reported previously in 
other cell lines [lS]. Clones C4.2 and lE4 were 
chosen for further study. These cell lines were used 
interchangeably as no differences in drug sensitivities 
between C4.2 and lE4 cells were ever noted. 

Effects of various HI and Hz receptor agonists and 
antagonists on cyclic AMP production. The effects 
of histamine and HI and Hz receptor agonists and 
antagonists were studied in order to characterize the 
cyclic AMP response. In the presence of 200 PM 
IBMX. histamine increased cyclic AMP production 
in a dose-dependent manner (Fig. 1). This stimu- 
lation was observed at a concentration as low as 
5 x lo-‘M and reached maximal levels at 0.5 to 
1.0 x lo-” M. The ECU,, was 1.7 C 0.7 x lO_‘M (N = 
12). The 1~: agonists impromidine. 4-methyl- 
histamine and dimaprit and the H, agonists 2- 



Histamine HZ receptors on cytolytic T lymphocytes 337: 

Table 1. Effect of histamine on cyclic AMP levels in donal cytolytic T 
lymphocytes and lymphoma cell lines* 

Cyclic AMP (pmoles/lOb cells) 

BiiSd 50 PM Histamine 

Cytolytic T cell clones 
C4.2 
B12 
AR1 
1E4 
3A1 
Lymphoma ceit fines 
EL4 
L69 I 

1.7 3.5 
1.2 4.1 
1.9 4.9 
1.4 5.1 
1.2 3.8 

1.5 1.5 
1.5 2.1 

* Cells were harvested, washed, and resuspended in PBS containing 
200 PM IBMX at 1 x 106 cells/mf. Aliquots were treated with 50 F_~M his- 
tamine for 1 min and subsequently analyzed for cyclic AMP content by 
radioimmumo~ssay. 

Fig. 1. Dose-response curves for the effect of histamine 
and Ht or H2 agonists on cyclic AMP production in cytolytic 
T cell clones. Cell were incubated in PBS containing 200 rc_M 
IBMX and treated with the indicated concentrations of 
histamine (O), impromidine (a), dimaprit cm). 4-MG (a), 
2-MX (x), and TEA (a). Cyclic AMP levels were deter- 
mined as described in Materials and Methods. Data are 
means from twelve experiments for histamine and three to 
four experiments for the HI and HZ agonists. Each assay 

was performed in triplicate. 

methylhistamine and TEA also stimulated cyclic 
AMP production in a dose-dependent manner. The 
EC50 values for these agonists were 1.42 X 10V6M, 
3.8 x IO+ M, 7.7 x W5 M, 2.8 x W3 M, and 
> ICY3 M respectively. The relative potency of each 
agonist can be defined as a ratio (ECSO) for histamine/ 
EC=,~ for the agonist) by assigning a value of ZOO for 
histamine. In Table 2, the relative potencies of the 
analogues impromidine (1200): histamine (100): 
dimaprit (44): 4-methylhistamine (23): 2-methyl- 
histamine (0,67): TEA (Cl} are compared to values 
obtained in other HI and H2 receptor systems. 

Impromidine, 4-methylhistamine, and dimaprit 
had EC$ values consistent with activation of N[z- 
receptors but appeared to be partial agonists (Fig. l)* 
Maximally effective concentrations of these drugs 
elicited responses that were 52, 58 and 71% of the 
histamine response (N = 3) respectively. 

The ~nhibjtion of histamine-induced cyclic AMP 
formation by various HI and Hz antagonists was 
studied by adding a fixed concentration of antagonist 
to different concentrations of histamine. The dose- 
response curves for histamine exhibited parallel 
shifts to the right following treatment with the 132 

Table 2. Comparison of the relative potencies of histamine I-I1 and H2 receptor agonists in cytolytic T lymphocytes and 
in other systems* 

Relative potencies 

Agonist 

Histamine 
Impromidine 
Djmaprit 
4-Methylh~stamine 
2-Methylhistamine 
2-(2.Aminoethvl)thiaz6le 

Cyclic AMP levels 
in cytolytic T 
lymphocytes 

100 
1201) 

44 
23 

0.67 
<I.0 

Hz function 
gastric 

secretion 
in rat* 

100 
1680 

19.5 
39 

2 
0.3 

H2 function 
cycvclic AMP fevels 

in human 
polymorphonucfear 

neutrophilst 

100 
~500 

30 

1.4 

HI function 
Ileum contraction 

in guinea pig? 

100 
dO.INll 

0. uo i 
0.03 

16.5 
Zh 

* Relative potencies were calculated according to the equation: R.P. = (I?&,(, histamine/EcsO agonist) X 100. 
t Ganellin [I(>]. 
$ Gespach and Abita [20]. 
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log nlstamlne concentrotlon (74) 

Fig. 2. Effect of histamine H, or Hz receptor agonists on histamine-stimulated cellular cyclic AMP 
production in cytolytic T cell clones. Cells were incubated in PBS containing 200 PM IBMX with various 
concentrations of histamine alone (0) or with histamine plus the indicated antagonists. (A) 10 ‘M 
cimetidine (A), 10m5 M metiamide (0), and iOh M tiotidine (a). (B) 5 x 10.’ M mepyramine (m) and 
1 X 1O-5 M promethazine (A). Data arc the means 2 standard error of the mean from N = 12 experi- 

ments for histamine and N = 3 experiments for the HI and H: antagonists. 

antagonists cimetidine, metiamide, and tiotidine 
(Fig. 2A), and with the HI antagonists mepyramine 
and promethazine (Fig. 2B). The inhibition con- 
stants calculated for each of these drugs are shown 
in Table 3 and compared to the inhibition constants 
found for these drugs in other conventional HI- and 
Hz-receptor systems. 

Histamine stimulation of TCY, cells--Effect of time 
and 1RMX concentration on cyclic AMP levels. In 
the absence of IBMX, the basal level of cyclic AMP 
in clone C4.2 was 0.41 pmole/104ceIls. Addition of 
1 mM histamine resulted in a time-dependent 
increase in cyclic AMP, reaching a maxima1 value of 
2.0 pmoles/I06 cells or a 5.3-fold stimulation with a 
l- to 2-min incubation. The abiiity to elevate cyclic 
AMP levels declined gradually as the incubation time 
was increased. such that by 3@60min the cyclic 

AMP levels attained were only 0.1 to 0.2 pmole/lOh 
cells above basal (Fig. 3). Addition of IBMX at 200 
and SOOpM raised the basal levels of cyclic AMP 
to 1.0 and 1.2 pmoles/lOh cells respectively. Again, 
histamine caused a time-dependent increase in cyclic 
AMP, reaching a maximum at 2-3 min. Stimulations 
of 6.7- and 6.5fold for 200 and 500pM IBMX, 
respectively, were seen. Incubation with histamine 
for longer than 2-3 min resulted in levels of cyclic 
AMP which were Iess than maximal. This decline in 
cyclic AMP content during prolonged exposure to 
histamine, even in the presence of IBMX, is also 
seen in many other receptor-linked adenylate cyclase 
systems, where it appears to be a consequence of a 
decrease in the rate of cyclic AMP synthesis. 

Effect of histamine pretreatment on suhsequent 
histamine responsiveness. The time course of his- 

Table 3. Comparison of H, and Hz receptor antagonist inhibition constants in T cytolytic lymphocytes and in 
other H, and Hz receptor systems* 

Antagonist 
Cytolytic 

T lymphocyte 

Guinea pig 
Guinea pig gastric cardiac ventricular Ileum contraction 

cells (Hz)t$ muscle (I$)4 
,/ 

guinea pig (H, )Ii 

Cimetidine 1.45 0.81 0.96 398.0 
M&amide 2.15 1.41 1.4 
Tiotidine 0.04 0.02 
Mepyramine 2.6 5.2 0.0004 
Promethazine 1.6 10.0 0.076 0.0012 

* Inhibition constants (k,) were calculated according to the equation: 
I 

k, = 
(kijk,) - 1 

[2i] where k, and k’, are the concentrations of histamine required to give half-maximal activation of adenylate 
cyciase in the absence and presence of antagonist, respectively, and I is the concentration of the antagonist. 

? Batzri et at. 13). 
$ Batzri and Gardner 1221. 
$ Kanof and Greengard [23]. 
/j Johnson et al. [2]. 
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Fig. 3. Time course of cyclic AMP production induced by 
histamine using various concentrations of IBMX. Cells 
were treated with 1 mM histamine for various lengths of 
time. The amount of cyclic AMP produced was determined 
as described in Materials and Methods. IBMX con- 
centrations were 0 PM (m), 200 PM (O), and 500 PM (A). 
Each point represents the mean of triplicate determi- 
nations; this experiment is representative of two others. 

tamine-elicited cyclic AMP accumulation (Fig. 3) 

suggested that a desensitization of the Hz receptor 
had occurred. To test this, C4.2 cells were pre- 
incubated in the absence or presence of histamine 
and then tested for histamine-stimulated cyclic AMP 
accumulation. In a typical experiment, after a l- 
hr preincubation without histamine, challenge with 
1 mM histamine for 1 min elevated cyclic AMP levels 
by 5-8 pmoles/106 cells (Table 4). In contrast, after 
a previous I-hr preincubation with 1 mM histamine, 
C4.2 cells exhibited no response to the same chal- 
lenge dose. 

Desensitization appeared to alter the efficacy but 
not the potency of histamine. Cells were partially 
desensitized by a lo-min treatment with 50 ,uM his- 
tamine, washed to remove the desensitizing drug, 
and restimulated with appropriate doses of hista- 
mine. As can be seen from the dose-response 
relationships (Fig. 4), preincubation led to a (40%) 

Fig. 4. Dose-response curve for histamine-stimulated 
adenylate cyclase activity in cytolytic T cells from control 
and desensitized cells. Cells were incubated for 10 min with 
50yM histamine (m), washed twice with fresh PBS, and 
incubated with PBS + IBMX for IO min prior to histamine 
challenge. Control cells (0) were treated in a similar 
manner. Each point represents the mean of triplicate deter- 
minations; this experiment is representative of two similar 

experiments. 

decrease in maximal cyclic AMP accumulation, but 
had no significant effect on the ECsO for histamine. 

The desensitization process for the histamine H2 
receptor was both dose and time dependent (Fig. 5). 
Cells were exposed to the indicated doses of his- 
tamine for varied lengths of time. After removal of 
the preincubation dose, the residual responsiveness 
of the H2 receptor was examined by challenging cells 
with 1 mM histamine. Preincubation with high doses 
of histamine (500 /LM) caused a rapid loss of respon- 
siveness such that 50% of the control response 
(T1j2) was observed after only a 5-min preincubation. 
Lower doses of histamine (5 FM) in the pre- 
incubation period caused a loss of responsiveness 
with a slower time course (Ttjz = 27 min). 

The dose of histamine required to induce a 50% 

Table 4. Homotropic desensitization of histamine sensitive adenylate 
cyclase * 

Preincubation 
condition 

Challenge 
condition 

Cyclic AMP 
(pmoles/lOh cells) 

PBS PBS 0.4 t 0.05 

PBS 1 mM Histamine 6.2 t 0.4 

1 mM Histamine 1 mM Histamine 0.3 f 0.8 

PBS 0.1 mM Isoproterenol 4.4 t 0.3 
1 mM Histamine 0.1 mM Isoproterenol 4.0 ? 0.4 

PBS 0.1 mM PGE, 172.4 ? 15.6 

1 mM Histamine 0.1 mM PGE, 200.0 2 25.8 

PBS 0.01 mM Forskolin 7.9 ? 0.8 

1 mM Histamine 0.01 mM Forskolin 9.5 !Z 0.5 

* Cl.2 cells were incubated in the presence or absence of 1 mM 
histamine for 60 min. After thorough washing to remove histamine, cells 
were challenged with various agents for 1 min. and the cyclic AMP 
content was determined by radioimmunoassav. Values represent the 
mean ? standard deviation of triplicate determinations. 
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Fig. 5. Time course of desensitization of histamine-stimu- 
lated adenylate cyclase activity after short term incubation 
with various concentrations of histamine. Cells were incu- 
bated with 5 @I (A), 15 PM (m), SO FM (Of. or 500 PM 
!a) histamine; at the indicated times ceils were pelieted, 
thoroughly washed, and histamine-stimulated i1 mMf 
adenylate cyclase activity was determined. Responsiveness 
was calculated as the percentage of maximal response 
elicited in control cells which were incubated in the same 

manner in the absence of histamine. 

desensitization was determined. In Fig. 6, the 
reciprocal of the TlyZ values obtained from Fig. 5 was 
plotted as a function of the histamine dose. The 
concentration of histamine required to produce half- 
maximal desensitization (ECUS)) was 2.5 X lo-” M, 
similar to the ECUS, for stimulation of adenylate 
cyclase (1.7 x lO+‘M). 

_- 
&f+---! i I / 

-6 -6 -4 -3 

tog Histamine cont. CM) 

Fig. 5. Concentration-affect relationship for histamine- 
stimulated desensitization in cytoiytic T cefls. Cells were 
treated as described in the legend of Fig. 5. T,;z values 
for histamine-induced desensitization were calculated from 
linear regression analysis of the linear portion of the desen- 
sitization plots (Fig. 5), Correlation coefficients of 0.77, 
0.74, 0.95, and 0.87 were obtained for the initial linear 
portion of the plots obtained (Fig. 5) from the 5, 15,50 and 
500 UM oretreatments resrJectivelv. The reciurocal of the 
T,.* ‘va&s was plotted ai a fun&inn of h&amine con- 
centration. The EC,,,value was approximately2.5 X 10m5 M. 

0 
L___+_$__+-__- .f -. -2. .__ -; 

Time ihrl 

Fig. 7. Examination of hist~~mine-stjrnl~lated adrn$atc 
cyclase responsiveness at time intervals subsequent to the 
initial histamine desensitization. Cytoiytic Tcelts wcrr’ 
treated with (e) or without (m) SO0 PM histamine for 
10 min; they were then thoroughly washed and resuspended 
in RPMI-1640 with 10% FCS and HEPES, pH 7.5. Cells 
were incubated at 37”. at 5% CO2 atmosphere; at the 
indicated times, 1 mM histamine was added for 2 min and 
cyclic AMP levels were determined. The data u-e the 
mean 5 standard deviation of triplicate determinations 
obtained from two experiments. Results are representative 
of five similar experiments using different desensitizing 

concentrations of histamine. 

To assess the receptor specificity of the desen- 
sitization phenomenon, cells were exposed to his- 
tamine in the absence or presence of the Hz antag- 
onist cimetidine, washed, and then challenged with 
histamine, Cells preincubated with 100 tlM histamine 
responded to a 1 mM histamine challenge with an 
increase of only 0.87 pmole cyclic AMP/l@‘celIs, 
whereas cells preincubated with PBS or with 100 /nM 
histamine plus 1 mM cimetidine responded to the 
challenge with an increase of 11.0 and 11.8 pmoles 
cyciic AMP/l@ cells respectively. Cimetidine, at a 
IO-fold higher concentration than histamine, pre- 
vented the histamine-induced desensitization. Mepy- 
raminc at a concentration that completely blocks Hi 
receptors (10e6 M) had no effect on de~e~sit~~tion ~ 
In addition, the desensitization elicited by histamine 
was homologous, i.e. no effects on isopraterenol, 
PGEI , or forskofin stimulation of cyciic AMP were 
observed (Table 4). 

We examined the ability of the cells to recover 
hormonal responsiveness after a previous desen- 
sitization. When cells were fully desensitized (!I&- 
loo%), no recovery of responsiveness was noted. 
Even when C4.2 cells were only partially desensitized 
(4&50%), there was negligible recovery after 7 hr 
(Fig. 7). Subsequent experiments demonstrated no 
change from the desensitized state even after 24 hr 
(data not shown). 

In previous studies, analysis of the interrelation- 
ship between cytolytic T cell function and hormonal 
responsiveness has been complicated by the loss of 
histamine sensitivity within hours hfter initial cui- 
turing of splenic T lymphocytes [24]. Additionally, 
the use of heterogeneous mixed lymphocyte cultures 
has precluded a precise definition of the c~,llulat 
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site(s) of histamine action. The data reported here 
demonstrate that clonal populations of cytolytic T 
cells, initially selected for their immunologic function 
and maintained in culture for several years, retain 
histamine responsiveness. 

Five immunocompetent T ceil clones were tested 
and shown to be positive for histamine-stimulated 
increases in cyclic AMP (Table 1). In contrast, two 
lymphomas tested for activity had no histamine- 
sensitive response. The ability of histamine to 
increase cyclic AMP accumulation in each of the 
clones tested leads us to believe that histamine recep- 
tors are generally found on murine cytolytic T lym- 
phocytes. This finding is in conflict with the hypoth- 
esis [25] that histamine receptors are located solely 
on the suppressorT cell subpopulation, and it implies 
that histamine acts directly on cytolytic T lym- 
phocytes thereby inhibiting cellular functions. This 
has been confirmed by more recent data (unpub- 
lished studies). 

The results of the present study support the con- 
clusion that the cytolytic Tcell histamine receptor 
possesses pharmacological properties similar to those 
of the conventional Hz receptor as defined by physio- 
logical experiments on peripheral tissues [26]. The 
concentration of histamine required for half-maximal 
cyclic AMP accumulation (EC5,,) was found to range 
from 1 to 4 x IO-‘M (X = 1.7 ? 0.7 x lo-‘M, N = 
12). The relative potencies of a variety of compounds 
as activators of cyclic AMP accumulation in cytolytic 
T cells agree with their relative potencies as agonists 
of physiological responses mediated by other Hz 
receptors, but not HI receptors (Table2). Impro- 
midine was 1Zfold more potent than histamine, 
which was 2.4-fold more potent than dimaprit and 
4.9-fold more potent than 4-methylhistamine. The 
potencies of the H1 agonists 2-methylhistamine and 
TEA were low, as has been observed in other H2 
receptor systems. 

Although the partial agonism which we have 
observed with 4-methylhistamine and impromidine 
is not a universal phenomenon, there are several 
other studies documenting partial rather than full 
agonist activity. In guinea pig gastric mucosal cells 
[3] and in HL-60 cells [27], impromidine has 42 and 
U-20% of the efficacy of histamine respectively. It 
has also been shown that 4-methylhistamine is only 
43% as efficacious as histamine in the guinea pig 
atria assay [21]. The reason for these compounds 
being full agonists in some systems and partial agon- 
ists in others is not known. though it may reflect the 
presence or absence of spare receptors. 

Antagonist studies of this adenylate cyclase-linked 
receptor define this receptor as the histamine Hz 
type. The inhibition constants for the H2 receptor 
antagonists tiotidine. cimetidine, and metiamide 
were 0.04, 1.45 and 2.15 PM, respectively, for inhi- 
bition of histamine-stimulated cyclic AMP accumu- 
lation in cytolytic T cells. In Table 3 these numbers 
can be seen to be comparable to values found at HZ 
receptors from guinea pig gastric mucosal cells [3,22] 
and homogenates of cardiac ventricular muscle [23]. 
The H1 antagonists, mepyramine and promethazine, 
had inhibition constants of 2.6 and 1.6 ,uM, in agree- 
ment with the values found at H? receptors in guinea 
pig ventricular muscle [23] and in brain slices [28]. 

Interestingly, the pharmacology of Hz receptors 
measured in cell-free and intact cells differs. In par- 
ticular, promethazine is approximately 200-fold 
more potent as an inhibitor of adenylate cyclase 
activity in rat brain homogenates than as an inhibitor 
of cyclic AMP accumulation in brain slices [28]. 
Our findings for promethazine, using intact cytolytic 
Tcells, correspond to those seen with other intact 
systems [22,28]. These values indicate potencies 
about lOO-fold less than in cell-free systems such as 
homogenates of cardiac ventricular muscle [23] or 
brain [28]. While mepyramine and promethazine 
were relatively potent H2 receptor antagonists, the 
observed inhibition constants are l,OOO- to lO.OOO- 
fold higher than the inhibition constants of 0.5 nM 
found for inhibition of H1 receptor-mediated con- 
traction of guinea pig ileum (291, as can be seen in 
Table 3. 

The elevation of cyclic AMP levels by histamine 
agonists was transient. The rapid rise in cyclic AMP 
content was followed by a gradual decline, with 
nucleotide levels returning to near basal con- 
centrations within 30-60 min. This decay in cyclic 
AMP levels occurred even though the concentration 
of IBMX was increased from 0 to 500 PM. A similar 
decrease of cyclic AMP levels as a function of his- 
tamine incubation time was seen by Study and 
Greengard in sympathetic ganglia [30] and by Kak- 
iuchi and Rail in rabbit brain [l]. This rapid loss of 
histamine responsiveness suggested that desen- 
sitization of the receptor had occurred. 

The loss of histamine responsiveness was therefore 
examined by pretreating the cells with agonist, fol- 
lowed by washing and rechallenge. The second 
exposure resulted in a diminished level of cyclic 
AMP (Fig. 4). Further study of the properties of the 
histamine-induced desensitization showed that this 
phenomenon was characterized by a maximal 90- 
100% loss of histamine responsiveness (Fig. 5) with 
no change in the sensitivity to histamine as measured 
by the EC~(~ (Fig. 4). Loss of responsiveness to his- 
tamine has been documented previously for H, 
receptors. The ability of H1 receptor stimulation to 
elevate cyclic GMP in neuroblastoma cells [31] and 
mouse cerebral cortex [32] is attenuated by exposure 
to histamine. The characteristics of Hz receptor 
desensitization were similar to the desensitization 
observed with the P-adrenergic receptor of astro- 
cytoma cells [33], and the H1 receptor of neuro- 
blastoma cells [31], in that (1) the event was dose 
and time dependent (Fig. 5), (2) the dose required 
for half-maximal desensitization (2.5 x 10ms M) was 
approximately equal to the ECU,, for cyclic nucleotide 
stimulation (Fig. 6), (3) antagonists specific for the 
receptor (e.g. cimetidine) prevented desensitization 
and (4) no effect on the accumulation of cyclic 
nucleotides by other hormones occurred (Table 4). 

The rate of desensitization was dose dependent 
(Fig. 5). Low doses of histamine desensitized more 
slowly than high doses. The dose of histamine 
required for half-maximal desensitization was 
2.5 X 10m5M. a value similar to the ECSO for cyclic 
AMP accumulation which was 1.7 x lo-” M. This 
correlation and the observation that cimetidine 
blocked histamine-induced desensitization imply 
that desensitization resulted from the normal acti- 
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vation of the Hz receptor by histamine. Histamine 
desensitized the cytolytic T cell in a homologous 
manner, i.e. preincubation with histamine for 1 hr 
had no effect on the elevation of cyclic AMP induced 
by other hormones such as isoproterenol and PGEr 
or the drug forskolin (Table4). To our knowledge 
this is the first cell culture system where histamine- 
induced desensitization of HZ receptors has been 
described. 

The rapidity of the desensitization is reminiscent 
of the time course of desensitization of badrenergic 
receptors, in which an uncoupling between the recep- 
tor and the nucleotide binding protein has been 
postulated [34,3.5] to subserve the loss of respon- 
siveness. However. unlike the Padrenergic receptor 
of astrocytomas [34]. recovery of histamine respon- 
siveness after administration of a desensitizing dose 
of histamine was negligible. In Fig. 7 it is apparent 
that receptor responsiveness remained depressed 
over a time course of 7 hr. This prolonged refrac- 
toriness occurred also in cells desensitized by 20- 
90% (data not shown). This protracted desen- 
sitization of the Hz receptor of T cytolytic cells may 
reflect adaptation to repeated or prolonged his- 
tamine exposure in oiuo. 

A great deal of evidence supports a role for his- 
tamine as a modulator of immunological function in 
uitro. Further studies of the Hz receptor distribution 
on lymphocytes, as well as studies of the phar- 
macological properties of this adenylate cyclase 
coupled receptor, may help to elucidate some of the 
fundamental biochemical and physiological events 
underlying the anti-inflammatory action of hista- 
mine. These clonal, cytolytic T lymphocytes will 
facilitate studies relating hormonal action with effec- 
tor function, as well as providing a cell culture model 
for analysis of the mechanism of desensitization. 
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