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Histamine Potently Suppresses Human IL-12 and Stimulates
IL-10 Production via H2 Receptors

llia J. Elenkov,* " Elizabeth Webster,” Dimitris A. Papanicolaou,” Thomas A. Fleisher}
George P. Chrousos, and Ronald L. Wilder*

IL-12 and IL-10, respectively, stimulate Thl and Th2 immune responses. The development of some allergic reactions, infections,
and tumors are associated with excessive histamine production and a shift toward Th2 responses. Here we address the possibility
that this association is causally linked, at least in part, to modulation of IL-12 and IL-10 production by histamine. We report that
histamine dose-dependently inhibited the secretion of human IL-12 (p70) and increased the production of IL-10 in LPS-stimulated
whole blood cultures. These effects of histamine were antagonized by cimetidine, an H2 receptor antagonist, but not by selective
H1 and H3 receptor blockers, and were mimicked by an H2 receptor agonist. The effects of histamine on IL-12 and IL-10 secretion
were independent of endogenous secretion of IL-10 or exogenous addition of IL-12, while Ro 20-1724, a phosphodiesterase
inhibitor, potentiated the effects of histamine on IL-12 and IL-10 production, implicating cAMP in its actions. Similar modulatory
effects of histamine on IL-12 and IL-10 production, which were reversed by the H2 antagonist cimetidine, were observed in PBMC
and isolated monocytes stimulated byStaphylococcus aureu€owan strain 1 and LPS, respectively. Thus, histamine, via stimu-
lation of H2 receptors on peripheral monocytes and subsequent elevation of cCAMP, suppresses IL-12 and stimulates IL-10 8
secretion, changes that may result in a shift of Th1/Th2 balance toward Th2-dominance. This may represent a novel mechanism =
by which excessive secretion of histamine potentiates Th2-mediated allergic reactions and contributes to the development of%
certain infections and tumors normally eliminated by Th1l-dependent immune mechanisms.The Journal of Immunology,1998,
161: 2586—-2593.
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monocytes/macrophages, is a central inducer of cell-meditions. Together with IL-4, this cytokine stimulates the develop-=:

ated immunity by promoting the development, proliferation ment, proliferation, and function of Ab-producing B cells and pro- 3
and function of Th1 cells (1). Thl cells promote the activation andmotes IgE production (8). IL-10 also prevents Ag-specific T ceII§
function of NK, T-cytotoxic (Tc§ cells, and monocytes/macro- proliferation, inhibits the production of the principal proinflamma- o
phages, which are the principal effectors of cellular immunity (1-tory cytokines IL-12, TNFe, and IFN+, and prevents endotoxin <
2). Excessive production of IL-12 may be involved in the patho-shock in mice (reviewed in Ref. 9). In humans, initial clinical trials €
genesis of autoimmunity. For example, a recent study indicate@lemonstrated that IL-10 administration ameliorated inflammatorg
that stimulation of IL-12 secretion by microbial products was the symptoms associated with endotoxemia (10), inflammatory bow
crucial factor for the proliferation and differentiation of pathogenic dgisease (11), and rheumatoid arthritis (12). Overexpression
autoreactive Thl effector cells in experimental allergic encephai -10 seems to play an inappropriate immunosuppressive role, aE'
lomyelitis (3). IL-12 also induces tissue- or organ-specific inflam-|owing increased malignant tumor growth, as seen in melanom&,
matory responses resulting in insulin-dependent diabetes meIIitu@3) and in systemic diseases with excessive production of Abg:

in NOD mice (4) and type Il collagen-induced arthritis in DBA/1 ¢ ch as the immune complex-related manifestations of lupu§
mice (5). Conversely, IL-12 deficiency has been documented "?erythematosus (14). =

tubercul05|s_ and H_IV infections (6), and low levels of IL-12 have_ Histamine, a recognized regulator of inflammation, is also
bsen aszoua_ltﬁd "‘(’j‘th_t‘%morgm‘“’t?’ as Opp(;S?d to t;mor regressi@fhown for its role in promoting allergic reactions, gastric acid
0 stervg ”W't7 administration of IL-12 delivered in Situ O gocretion, and tumorigenesis. As a reflection of its importance,
systemically (7). histamine-blocking agents, worldwide, are the largest selling drug
group today. Atopic states, associated with excessive histamine
production, involve a shift from Thl to Th2 responses and in-
*Arthritis and Rheumatism Branch, National Institute of Arthritis and Musculoskel- creased _lgE producthn. On the. other hand’ chronic .gastrltls. Wllth
etal and Skin Disease&Developmental Endocrinology Branch, National Institute of progression into peptic ulcer disease is also associated with in-
Child Health and Human Development, and fimmunology Service, Clinical Cen- creased histamine production in the gastric mucosa. Chronic gas-
ter, National Institutes of Health, Bethesda, MD 20892 . P . . 9 . . ) . 9

) o o tritis is largely caused by infection wittHelicobacter pylori,
Received for publication November 3, 1997. Accepted for publication May 4, 1998. . y .

X ¢ oubl ‘i ! defraved oy ih . against which Thl responses appear to have a protective role (15).
The costs of publication of this article were defrayed in part by the payment of page—: . . ~
charges. This article must therefore be hereby masddacertisemenin accordance eFma”y' su.ppressmn of Thl .responses acpompanlgs the. deYeIOp
with 18 U.S.C. Section 1734 solely to indicate this fact. ment of diverse tumors, while, in some tissues, histamine itself
1 Address correspondence and reprint requests to Dr. llia Elenkov, Arthritis and Rhet@Ppears to promote tumorigenesis (16). Interestingly, recent evi-
matism Branch, NIAMS, Building 10, Room 9N240 National Institutes of Health, 10 dence indicates that the use of H2 receptor antagonists increases
Center Drive, MSC 1820, Bethesda, MD 20892. E-mail address: Elenkovl ival of . ith . d | |
@ccL.nichd.nih.gov survival o patlent§ wit . gastric an .co orectal cancgr (17, 18).

2 Abbreviations used in this paper: Tc, T-cytotoxic; NOD, nonobese diabetic; SAC, Thus‘ the qugstlon anses: Doesl h'Stamme dlrectly induce O.I’ pro-
Staphylococcus aureu@owan strain 1; N, 50% neutralizing dose. mote a Th2 shift? Theoretically, histamine, or any other mediator,

wif

I nterleukin-12, a heterodimeric cytokine produced mainly by In contrast to IL-12, IL-10 inhibits several macrophage func-

Copyright © 1998 by The American Association of Immunologists 0022-1767/98/$02.00
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could alter the Th1/Th2 balance at the level of APC, Thl and Th2 A
cells, or directly on effector cells. Since IL-12 and IL-10, as noted

above, have important regulatory influences on Thl and Th2 func- ﬁ 100 |
tions, we speculated that histamine could modulate IL-12 and § IL-12
IL-10 production and, thus, Th1/Th2 balance. Here we report that g 80 |
histamine, via an H2 receptor-mediated process, potently sup- b
pressed the production of human IL-12, while it enhanced the se- § 4 |
cretion of IL-10. This may represent a mechanism through which :E
histamine skews Th1/Th2 cytokine balance toward Th2-type g' 40 |
dominance. d

S 20/
Materials and Methods g
Drugs and reagents E 0 |

Flow cytometric evaluation of manipulated cell preparations was per- '9 |-8 7 5 '5
formed using directly conjugated mAbs to the following surface Ags: 107 10 10 10 10
CD45, CD14, CD3, CD20, CD16/56 (Becton Dickinson Immunocytometry s = =

Systems (BDIS), San Jose, CA). LPS frdascherichia coli, serotype Histamine concentration (M)
K-235 (Sigma, St. Louis, MO), was dissolved in distilled water; the mix-
ture was sonicated for at least 3 min in a sonicating bath, and aliquots were B
stored at—20°C until use. After thawing, appropriate dilutions were made

in RPMI 1640.Staphylococcus aure@owan strain 1 (SAC) was obtained 9 900 O
from Calbiochem-Behring, (La Jolla, CA). Histamine, dimaprit, cimeti- 5 800 | "__10 %
dine, pyrilamine maleate (mepyramine), thioperamine maleate, and Ro 20— & =1
1724 were purchased from Research Biochemicals (Natick, MA). Anti- @ 700 ; §_
human IL-10 Abs and recombinant human IL-12 were obtained from R&D T 600 | Q
Systems (Minneapolis, MN). Q g
-§ 500 | g
Blood donors 3 400 =
Thirty-five healthy male and female volunteers between 20 and 40 years % 300 S
old participated in this study, which was approved by an institutional re- ‘% | =
view board of the National Institutes of Health. Volunteers abstained from % 200 | %
using any drug, including antihistamines, cyclooxygenase inhibitors, and 8 =
hormones during the week before the study. 5 100 4 3
o
Whole blood cultures 0 ' ' ' ' 2
109 108 1077 100 105 3
The whole blood assay was established recently as a suitable ex vivo model 5
by which to study cytokine production under conditions in which many of - - - S
the physiologically relevant cellular interactions and natural microenviron- Histamine concentration (M) g

ments remain intact (19). In addition, this method offers the opportunity 105 |GURE 1. Effect of histamine on LPS-induced IL-12 (A)and IL-10 (B) @
induce and detect cytokine production in small blood samples and to StUd%roduction in human whole blood from six normal volunteers. Increasingg
multiple samples under different conditions, employing the blood from the . . . - ' 9
same donor, and, thereby, eliminating interdonor variability as a confoungSencentrations of histamine were added as indicated. Da_ta are expressed®is
ing factor. In brief, blood was drawn into sodium heparin-containing sterilethe mean* SE. Mean LPS-induced IL-12 (p70) production was 82.3
blood collecting tubes (Vacutainer, Becton Dickinson, Lincoln Park, NJ).14.1; IL-10 was 210.G= 80.1 pg/ml.

Blood was transferred to 50 ml Falcon tubes, diluted 1:5 with RPMI 1640

(supplemented with 1% glutamine and gentamicin, jgml) with no

added exogenous serum, and aliquoted (1.0 ml) into 24-well cell culture

plates (Costar, Cambridge, MA). To induce cytokine production, bacterial

LPS was added at Lg/ml final concentration, and the samples were in- from total PBMC using magnetic beads coated with a primary mAb spe-
cubated in 5% CQ@at 37°C for 18 h. Histamine and the H2 receptor agonist cific for CD14. A single step incubation and elimination was performed as
dimaprit were added 10 min before LPS. Histamine antagonists and thebove. The PBL preparations containef.01% monocytes (3 of 4 had
phosphodiesterase inhibitor Ro 20—-1724 were added to the wells 10 mifi%), as determined by flow cytometry.

before histamine. Anti-IL-10-neutralizing Abs or recombinant human PBMC were cultured at X 10° cells/ml, while PBL and monocytes
IL-12 were added simultaneously with LPS. After incubation, the blood were cultured at 5< 10° cells/ml. All cultures were set up in RPMI 1640
was centrifuged, and the supernatant plasma was collected and stored fimedium supplemented with 15% FCS, 1% glutamine, gentamicpogd®l

TZ0g ‘Zz™/unc u

polypropylene tubes at 70°C until assayed. at a final volume of 0.5 ml. PBMC were activated with SAC at a final
) ) dilution of 1:200, while PBL and monocytes were stimulated with LPS (1
PBMC, PBL, and monocyte isolation and culture ug/ml). All cultures were incubated in 5% G@t 37°C for 18 h.

Human peripheral blood samples were obtained by leukapheresis of vol-

unteers at the National' Institutes of Health Department of Tr_ansfus_iorcytokine assays

Medicine. PBMC were isolated by density gradient centrifugation using

Ficoll-Hypaque (Histopaque, Sigma). To obtain monocyte-enriched prepiL-12 (p70 and p40) and IL-10 were measured using ELISAs employing
arations, total PBMC were depleted of T and B lymphocytes using magthe multiple Ab sandwich principle (Quantikine, R&D Systems). These
netic beads (Dynal, Lake Success, NY) coated with mAb specific for theassays specifically detect human IL-12 p70 (the biologically active het-
CD2 (Pan T cells) and CD19 (Pan B cells) surface Ags. Total PBMC at 10erodimer), the 40-kDa (p40) subunit of IL-12 and human IL-10, respec-
to 15 X 10° cells/ml were incubated (two times, with10 beads per target tively. IL-12 p70 ELISA recognizes specifically the IL-12 heterodimer
cell) and gently mixed with the magnetic beads at 4°C for 30 min. Thewithout cross-reactivity with the individual subunits of the dimer (p35 and
bead-cell complexes were eliminated using magnetic separation. Thp40). The detection limits of the IL-12 p40, IL-12 p70, and the high sen-
monocyte-enriched preparations contained 73 to 89% monoaytes4)), sitivity (HS) IL-12 p70 ELISAs were 15.0, 5.0, and 0.5 pg/ml, respectively,
as determined by flow cytometry (FACScan, BDIS) with monocyte-spe-while for the IL-10 ELISA it was 2 pg/ml. Plates were read by a microplate
cific FITC-conjugated anti-CD14. Lymphocyte contamination ranged fromreader (Model 550, Bio-Rad, Richmond, CA), and absorbency was trans-
11 to 27% and consisted of 60 to 75% NK cells, 20 to 35% T cells, andformed to cytokine concentration (pg/ml) using a standard curve computed
=3% B cells. Lymphocytes (PBL) were obtained by depleting monocytesby Microplate Manager lll, Macintosh Data Analysis Software (Bio-Rad).
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FIGURE 2. Cimetidine, an H2 receptor blocking agent, antagonizes the effect of histamine. Increasing concentrations of pyrilamine maleate, &1 H
receptor antagonist (AndD); cimetidine (BandE); and thioperamine maleate, an H3 receptor antagd@ianh(lF), were added to whole blood samples e
as described. Data are expressed as the me8& of 10 normal volunteers (five for H1 and H2 receptor antagonists and five for H3 receptor antagonis}).
Mean LPS-induced IL-12 (p70) production was 6&:720.9; IL-10 was 143.@= 59.2 pg/ml (for H1 and H2 receptor antagonist experiments). IL-12 (pYOE
was 37.8+ 12.7, and IL-10 was 179.4 76.2 pg/ml for H3 receptor antagonist experiments. =

Results H2 antagonist cimetidine, identical to those used to block the effe
Histamine suppresses LPS-induced IL-12 and potentiates IL-10 ©f histamine, without added histamine did not affect LPS-induce
production IL-12 p70 or IL-10 productionrf = 4; data not shown).

1202 ‘zz9ufr uo 9

Addition of increasing (;oncentrations of histam?ng_ to the WhO_IeThe H2 receptor agonist, dimaprit, mimics the effect of
blood culture, resulted in a dose-dependent inhibition of LPS-m-histamine

duced IL-12 p70 production (FigA). Histamine at 10° M con-

centration resulted it~95% inhibition of IL-12 production. Con-  T0 demonstrate the involvement of H2 receptors in the histamine
versely, increasing concentrations of histamine caused a dosé&ffect more definitively, we used dimaprit, an H2 receptor agonist
dependent increase of LPS-induced IL-10 production (Fij), 1 N the subsequent experiments. As evident from FigueahdB,

yielding a substantial increase of IL-10 production at 1M the addition of this drug induced dose-dependent inhibition and
(186% increase) and 16 M (521% increase). potentiation of LPS-induced IL-12 and IL-10 production, respec-

tively. Thus, the effect of this drug fully mimicked the effect of
The H2 receptor antagonist, cimetidine, completely blocks the histamine on the production of these cytokines.
effect of histamine on IL-12 and IL-10 production

The addition of increasing concentrations of the H1 receptor anHistamine alone has no effect on basal IL-12 and IL-10

tagonist, pyrilamine maleate (mepyramine), and the H3 receptoprOdUCtIon

antagonist, thioperamine maleate, failed to prevent the effect ofn subsequent experiments, we tested the possibility that histamine
histamine (0.1uM) on both IL-12 and IL-10 secretion (Fig. 2, itself, without LPS, is able to induce or reduce IL-12 or IL-10
C, D, andF). However, both the inhibitory and the stimulatory production. Addition of increasing doses of histamine (300>
effects of histamine (0.uM) on IL-12 and IL-10, respectively, M), without LPS, failed to affect basal IL-12 production. The level
were antagonized by increasing concentrations of cimetidine, anf IL-12 at this concentration range of histamine wa8.5 pg/ml,

H2 receptor-blocking agent, leading to a complete blockade of thaimilar to the negative control (no histamine), which was.6.1
effect at 10uM concentration of cimetidine (Fig. B and E). pg/ml (n = 4). Similarly, increasing doses of histamine (£0
These results suggest that the effects of histamine on these cyt@d > M), without LPS, failed to affect IL-10 production. The level
kines were mediated by the H2 receptor. Increasing doses of thef IL-10 at this concentration range of histamine was between 2.0
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A LPS-induced IL-10 levels in our experiments were 36081.3
pg/ml (Fig. 4A). Thus, the concentrations of endogenously pro-

g 120 duced IL-10 were about 16-fold less than the concentration at
£ which anti-IL-10 Abs express NE. Thus, we concluded that the
2 1004 IL-12 concentration of neutralizing anti-IL-10 Abs used in these exper-
E iments was sufficient to eliminate endogenously produced IL-10.
2 80 1 As shown in Figure A, the inhibition of IL-12 induced by hista-
3 mine (0.1 M) could not be prevented by anti-IL-10 Abs. The
;’?, 601 LPS-induced levels of IL-12 p70 in our whole blood system usu-
r 40 | ally ranged between 20 and 100 pg/ml. For this reason, we em-
- ployed 50 and 200 pg/ml of exogenous IL-12 in our experiments.
E 20 | As shown in Figure B, the exogenously administered IL-12 did
] not reverse the histamine-induced enhancement of IL-10
o ol ‘ . . production.

108 1077 108 10

cAMP potentiates the effect of histamine

H2 agonist concentration (M) In the preceding experiments, we observed that the effect of his-

tamine was mediated by H2 receptors. In many tissues, including
immune cells, the stimulation of H2 receptors results in increased
cAMP production. Phosphodiesterase is an enzyme involved in thg’

B breakdown of cAMP. Inhibition of this enzyme results in increased§
levels of CAMP. We investigated the effect of Ro 20-1724, a speQ

o 280 cific phoshodiesterase inhibitor. In our assay, Ro 20-1724 itself (
g 260 IL-10 uM), without histamine, induced only a slight, nonsignificant in- =
2 240 | hibition or potentiation of LPS-induced IL-12 and IL-10 produc- %
£ 220 | tion. However, the addition of Ro 201724 to cultures containingg
2 200 | histamine induced twofold potentiation of the inhibitory effect on'g

2 IL-12 and the enhancing effect on IL-10 production (see Fi§. 5,
5 180 5 andB). These observations suggest the involvement of cAMP pro_%
g 1601 duction in these immunoregulatory effects by histamine. E:
= 140 | 3
*:' 120 | The effect of histamine on IL-12 and IL-10 production is not §
g 100 | stimulus-specific )
B gl : : : To prove that the effects of histamine are not limited to LPS stim%
10°8 107 106 105 ulation, PBMC were stimulateo! with SAC, in.the presence or apz

sence of increasing concentrations of histamine. As shown in Fi
H2 agonist concentration (M) ure 6,A and B, histamine potently suppressed IL-12 (p70) o

FIGURE 3. Effect of dimaprit, an H2 receptor agonist on LPS-induced production in a Qoncentratlon-erendent manner, while it potentiz,
IL-12 : S - ated the production of IL-10. Similar to the whole blood assay, thes
-12 (A) and IL-10 (B) production in human whole blood from six normal . . . .
volunteers. Increasing concentrations of dimaprit were added as indicateg.ﬂ‘ectS of histamine on SAC-induced ”"12, a“?' lL',l(_) prolducFlon NS
Data are expressed as the mearSE. Mean LPS-induced IL-12 (p70) Were blocked_ by the H2 receptor antagonist cimetidine, implicats
production was 21.7= 3.8; IL-10 was 200.8+ 49.2 pg/ml. ing once again the role of H2 receptors.

Tc0c

Monocytes are target cells for the effect of histamine on IL-12
and 2.8 pg/ml, similar to the negative control (no histamine),nd IL-10 production

which was 3.5+ 1.1 pg/ml o = 4). As shown in Figure A andC, PBL, free of monocytes, produced
negligible levels of IL-12 (p40) and no detectable levels of IL-10

- > it - in response to LPS. While PBMC produced significantly less IL-12
production and is not affected by administration of exogenous and IL-10 than enriched monocytes, coculture of PBMC with
IL-12 monocytes resulted in intermediate production of these two cyto-
IL-10 has been described to inhibit the secretion of proinflammaxkines. These results indicate that monocytes are the primary source
tory cytokines from monocytes/macrophages. This prompted us tof IL-12 and IL-10 in the LPS-stimulated whole blood assay. This
investigate the possibility that the inhibitory effect of histamine onis in accordance with previous results of others (20). To verify that
IL-12 production was caused by induction of endogenous IL-10peripheral blood monocytes were directly affected by histamine,
secretion. Conversely, since IL-12 inhibits IL-10 production, we enriched human monocytes were stimulated with LPS in the pres-
decided to test whether administration of exogenous IL-12 mighence or absence of increasing concentrations of histamine. As
interfere with the effect of histamine on IL-10 production. For this shown in Figure 7B and D, histamine, as in the case of LPS-
purpose, we investigated the effect of adding neutralizing Abs tastimulated whole blood or SAC-stimulated PBMC, substantially
IL-10 or exogenous IL-12 to whole blood cultures stimulated with inhibited LPS-induced IL-12 (p40) production in a concentration-
LPS in the presence of histamine. The concentration of anti-IL-1adependent manner, while it potentiated the production of IL-10
Abs used in our experiments was u@/ml. This concentration, from human monocytes. Similar to the findings with whole blood
according to the manufacturer’s instructions, gives a 50% neutraland PBMC, the effect of histamine on LPS-induced IL-12 and
izing dose (NRy) in the presence of 5 ng/ml of rhIL-10. The mean IL-10 production from monocytes was blocked by the H2 receptor

The effect of histamine is independent of endogenous IL-10
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FIGURE 4. Effect of neutralizing anti-IL-10 Ab on IL-12 secretioAY and exogenous recombinant human IL-12 on IL-10 secreBpin(the presence
and absence of histamine were determined in LPS-stimulated whole blood from six and five normal volunteers, respectively. Data are expressed as
mean=* SE. Mean LPS-induced IL-12 (p70) production was 24.8.4 (Fig. 4\); IL-10 was 250.1+ 55.8 pg/ml (Fig. 8).

antagonist cimetidine, thus implicating the critical role of H2 re- Here we report that histamine mediates dose-dependent i
ceptors on monocytes as mediating the effect of histamine in huhibition of human bioactive IL-12 and stimulation of IL-10 pro-
man peripheral whole blood or PBMC. Since isolated, unprimedduction in whole blood cultures stimulated with LPS. Cimeti- =
blood monocytes produce little IL-12 p70 when stimulated with dine, an H2 receptor antagonist, blocked the effects of histaminé’_'
LPS or SAC, the effect of histamine on p70 could not be reliablyon IL-12 and IL-10 production, while H1 and H3 receptor an- =
evaluated in these experiments. tagonists failed to alter the effects of histamine. These dat
suggest that histamine is modulating the production of these.
. . two cytokines via the H2 receptor. This conclusion is further3
Discussion substantiated by the finding that dimaprit, an H2 receptor agog
Since IL-12 and IL-10 play important and contrasting roles in regu-nist, mimicked dose-dependently the effect of histamine. In&
lating immune responses, there is much interest in the factors thatgreement with previous studies (20), we provide evidence th

control their production. Focus has been on the regulation exerted byionocytes are the main IL-12- and IL-10-producing cells ino
cytokines from within the immune system. Thus, IL-12 production isLPS-stimulated human peripheral blood. Human monocytes al

suppressed by IL-10 and IL-4, while IL-10 production is inhibited by monocytic lines express H2 receptors, and stimulation of thesé
IL-12 and IFN-<. Recent evidence, however, indicates that factorsreceptors by histamine or dimaprit results in increased cAMPg
other than cytokines have important regulatory influences on IL-1Zormation (23). In addition, we demonstrated that, in mono-<
and IL-10 production. These factors include the inflammatory medicytes, the effects of histamine on IL-12 and IL-10 productiong
ators PGE (20) and nitric oxide (21), and the two major stress hor- were similar to those in whole blood and also were blocked byR3

woJjPepeojumog

MR,

mones, glucocorticoids and catecholamines (22). the H2 receptor antagonist cimetidine, while Ro 20-1724, 58
N
A IL-12 B IL-10
100 500
T 450
80 1 400
350 |
60 | 300 |

250
200
150 |
100 |

50 -

Percent of LPS-induced response
Percent of LPS-induced response

Histamine Histamine/ Ro 20-1724 Histami Histamine/ Ro 20-1724
Ro 20-1724 Ro 20-1724

FIGURE 5. Effect of Ro20-1724 on LPS-induced IL-1&)and IL-10 B8) secretion in whole blood from six normal volunteers. Ro 20-1724, histamine,
and histamine plus Ro 20-1724 were added as described. Mean LPS-induced IL-12 (p70) production wag.3818-10 was 258.0+ 45.1 pg/ml.
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PBMC
A IL-12 B IL-10
FIGURE 6. Effect of histamine on SAC-in- 0 260
duced IL-12 (A) and IL-10 (B) production in & 120 240
human PBMC from four normal volunteers. §. H2 antagonist 2 220
Increasing concentrations of histamine were @ 100 D 200
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such as PGEand catecholamines, have similar differential ef- anoma cell lines. Also, high concentrations of histamine have been
fects on IL-12 and IL-10 production (20, 22). measured within colorectal and breast cancer tissues, and large
Monocytes/macrophages and other phagocytic cells are cormumbers of mast cells have been identified within tumor tissues
ponents of innate or natural immune mechanisms, while lym+16). The above mentioned beneficial effect of cimetidine on sur-
phocytes are components of acquired (adaptive) or specific imvival from cancer remains poorly understood (18). Our results sug-
mune mechanisms. Innate and specific immunity, however, argest that, by preventing the effect of histamine on IL-12 and IL-10
not autonomous. Cells of the innate immune system can deteproduction, cimetidine may contribute to a restoration of Thl re-
mine which Ags the acquired immune system responds to andponses and a better defense against these particular tumors.
the nature of that response (24). This can be mediated through Atopic reactions are characterized by dominant Th2 responses.
cytokines released by monocytes/macrophages that play a cri©ur results suggest that histamine might participate in a positive
ical role in influencing the Th1/Th2 pattern that in turn dictates feedback loop, whereby allergen/Ag-lgE-induced release of hista-
the type of immune response generated. Thus, IL-12 is a centrahine directly modulates IL-12 and IL-10 production that promotes
inducer of Thl differentiation and serves as a bridge betweerand sustains a shift to IgE production.
the innate and specific immunity (25), whereas IL-10 antago- In conclusion, we have demonstrated that histamine alters sub-
nizes the activities of IL-12. The Th1/Th2 pattern is often re- stantially the pattern of monocyte IL-12/IL-10 production and that
garded as a balance between Th1/Th2 cell cytokine activitiesthis effect can be blocked by an H2 antagonist. Our results suggest
but our observations suggest that conditions related to increasdatlat H2 receptor antagonists might be candidates for pharmaco-
local or systemic levels of histamine may also contribute tologic enhancement of Thl functions in certain types of infections
Th1/Th2 balance. In particular, Th2-associated humoral immu-and tumors and for inhibiting a Th2 shift in certain allergic
nity is potentiated. Our data are consistent with previous studieseactions.
showing that histamine via H2 receptors inhibits TNFpro-
duction from monocytes and mast cells (26-27), while it po- Acknowledgments
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