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Identification of a Histamine Release Inhibitory Factor Produced by Human
Mononuclear Cells In Vitro
Rafeul Alam, J. Andrew Grant, and Michael A. Lett-Brown
Allergy Division, Department of Internal Medicine, University of Texas Medical Branch at Galveston, Galveston, Texas 775S0

Abstract

Humanmononuclear cells (MNC) secrete histamine-releasing
factor(s) (HRF) when cultured in vitro. HRFinduces the re-
lease of histamine and other mediators from basophils and
mast cells. Wehave shown that MNCalso produce a hista-
mine release inhibitory factor (HRIF), and that the synthesis
is augmented by culture with physiologic concentrations of
histamine (10-10 to 10' M) and by the mitogen concanavalin A
(Con A). HRIF does not affect release initiated by other secre-
tagogues such as allergen, anti-IgE, C5a, Con A, and phorbol
myristate acetate. HRIF requires a preincubation with the
cells for 5-10 min for maximal inhibition, and this effect is not
abolished by washing the cells after the preincubation. The
biological activity of HRIF is protease-sensitive, neuramini-
dase-resistant, and relatively heat-stable. HRIF can be distin-
guished from HRF by a lower apparent molecular mass
(8,000-10,000 D).

Introduction

A complex network of interactions exists between the immu-
noregulatory cells (lymphocytes and monocytes) and the pri-
mary effector cells of allergic reactions (mast cells and baso-
phils). Lymphocytes produce interleukin 3 (IL-3), a pluripo-
tent colony-stimulating factor that stimulates the growth of
mast cells and basophils (1). IL-4 acts as an auxiliary factor in
the growth of mast cells (2). It has been claimed that another
cytokine, basophil growth factor, selectively stimulates the
growth and differentiation of basophils (3). Lymphocytes also
affect the function of these cells. B cells produce IgE antibod-
ies, which bind to the high-affinity receptors on the surface of
the mast cells and basophils and arm them for specific effector
function.

Dvorak and his associates (4) were the first to postulate that
lymphocytes might directly activate mast cells and basophils in
delayed hypersensitivity reactions. Subsequently, it has been
shown that mononuclear cells, lymphocytes, and pulmonary
macrophages produce histamine-releasing factors (HRF)' that
activate human mast cells and basophils with increased di-

Address reprint requests to Dr. Alam, University of Texas Medical
Branch, Route G-62, Galveston, TX 77550.

Receivedfor publication 12 January 1988 and in revisedform 12
July 1988.
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rected migration and release of histamine and leukotrienes
(5-9). Another group of lymphokines has been identified in
rodents that specifically binds to antigens and releases seroto-
nin from mast cells (10). Thus, it is apparent that immunoreg-
ulatory cells produce a number of substances that stimulate
the growth and function of mast cells and basophils.

Analysis of the regulatory mechanisms of the immune sys-
tem reveals that they often function in a dichotomous fashion.
For instance, growth stimulatory factors (e.g., IL-14, colony-
stimulating factors) are opposed by growth inhibitory cyto-
kines (e.g., soluble immune response suppressor, inhibitor of
DNAsynthesis, inhibitor of colony formation, and inhibitor of
IL-2) (11-14). The activity of chemotactic factors is abrogated
by migration inhibitory factors (15). The production of IgE is
regulated by two opposing factors: IgE potentiating factor and
IgE suppressive factor (16).

These observations support the conclusion that lympho-
cytic regulation of effector cells comprises two loops: stimula-
tory and inhibitory. In the case of mast cells and basophils,
only the stimulatory loop has been identified. Therefore, we
asked whether mononuclear cells (MNC) produce cytokines
that inhibit the function of mast cells and basophils. Recently,
the production of a histamine release inhibitory factor (HRIF)
by guinea pig lymphoid cells has been reported by one of us
(17). This cytokine blocks histamine release from guinea pig
mast cells and basophils. The present study was undertaken to
investigate whether human lymphocytes produce a similar in-
hibitory factor.

It is clear that histamine is a major factor in allergic inflam-
mation. This substance also has important immunomodula-
tory effects. Some of its actions include immunosuppressive
effects such as stimulating the synthesis of inhibitory lympho-
kines (18). Therefore, we investigated whether histamine
might stimulate the synthesis of HRIF by human MNC.

Methods

Reagents. RPMI 1640 was obtained from Gibco, Grand Island, NY;
human serum albumin, glutamine, 2-mercaptoethanol, histamine,
phorbol myristate acetate (PMA), Ficoll, Hypaque, concanavalin A
(Con A), penicillin, streptomycin and agarose-coupled trypsin, chy-
motrypsin, and neuraminidase from Sigma Chemical Co., St. Louis,
MO; Hepes from Research Organics, Inc., Cleveland, OH; tissue cul-
ture flasks from Corning Glass Works, Corning, NY; Sephadex G-50
superfine from Pharmacia, Inc., Piscataway, NJ; hydroxyethyl starch
(HetaStarch) from American McGaw, Irvine, CA; Spectrapor dialysis
tubing from Spectrum Medical Industries, Los Angeles, CA; rabbit
anti-human IgE serum was from Behring Diagnostics, Somerville,
NY; ragweed pollen allergen from Greer, Lenoir, NC. C5a was ob-
tained by the method described previously ( 19).

Isolation of MNC. Peripheral venous blood (40-60 ml) was drawn
from healthy donors after obtaining written informed consent. Hepa-
rinized blood was diluted with 2 vol of Hanks' balanced salt solution
(HBSS) and centrifuged on a Ficoll-Hypaque (specific gravity 1.077)
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cushion. MNCwere separated and washed three times with HBSSand
suspended at a concentration 5 X 106/ml in RPMI 1640 medium
containing 100 U penicillin/ml, 100 Atg streptomycin/ml, 4 mMgluta-
mine, and 5 X 10-6 M2-mercaptoethanol.

Generation of HRIF-containing supernatants. MNCwere cultured
(10 ml of cell suspension in a 25-cm2 tissue culture flask) in the absence
or presence of various concentrations of histamine for 24 h at 370C in a
humidified incubator. Supernatants were harvested by centrifugation
and extensively dialyzed against sterile water (usually 2 X 1,000 vol)
and Hepes buffer, pH 7.4 (10 mMHepes, 137 mMNaCl, and 5 mM
KCI) containing 2 mMCaCI2 and I mMMgCl2 (HCM buffer) to
completely remove histamine. Spectrapor dialysis tubing with a M,
cutoff of 3,500 D was used for routine dialysis. The dialyzed superna-
tants were used immediately or stored at -70'C.

Generation of Con A-conditioned medium and separation of HRF
by gel filtration. Leukocytes were isolated from buffy coats obtained
from normal blood bank donors. MNCwere isolated as described
earlier and pulsed with Con A (25 gg/ml) in RPMI medium for 4 h,
washed twice with HBSS, resuspended in RPMI medium, and cultured
for 72 h. The supernatants were harvested, dialyzed, and assayed for
both HRFand HRIF as described below.

In other experiments supernatant fluid was concentrated X50 by
using an ultrafiltration chamber (Amicon Corp., Danvers, MA) with
YM-5 filters (mol wt cutoff 5,000). Usually supernatants were pooled
from cultured MNCobtained from 10- 15 liters of blood and concen-
trated, and 20-30 ml of this sample was then applied to gel filtration
columns (5 X 100 cm) containing Sephadex G-75. Fractions contain-
ing histamine-releasing activity (I 5-30-kD fractions), measured as de-
scribed below, were pooled, concentrated 10-fold, divided into ali-
quots, frozen at -70°C, and used as a source of HRF.

Isolation of peripheral blood leukocytes. Venous blood from aller-
gic donors was anticoagulated with 10 mMEDTA and sedimented
with 1.5% hydroxyethyl starch for 30 min at room temperature. The
leukocyte-rich buffy coat was collected and washed three times in
Hepes buffer, pH 7.4 and 0.03% human serum albumin (HA buffer) in
a refrigerated centrifuge (4°C) at 300 g. The washed leukocytes
(0.1-1% basophils) were suspended in Hepes buffer, pH 7.4, 0.03%
human serum albumin, 2 mMCaCl2, and 1 mMMgCl2 (HACM
buffer). Leukocytes from 1 ml of blood were usually used for one
duplicate experiment for assaying HRFand HRIF.

Assay of HRF. Aliquots of 100 ul of test supernatant were incu-
bated with 100 ,l of leukocyte suspension for 45 min in a shaking
water bath at 37°C. Each experiment was done in duplicate. At the end
of the incubation, 400 Ml of HA buffer were added to each tube. The
supernatants were separated from the cells by centrifugation at 600 g
for 5 min at 4°C. The histamine content of the supernatants was
measured using an automated fluorometric analyzer (20). Spontane-
ous histamine release was assessed by incubating the cells in HACM
buffer alone. The total histamine content of the cells was measured by
lysing the cells with 3% perchloric acid. The percentage of histamine
release was calculated according to the formula: (histamine in the
supernatant)/(total histamine in the cells) X 100.

Spontaneous histamine release from the cells was usually < 5%and
was subtracted from the calculated histamine release.

Assay of HRIF. Aliquots of 100 Ml of diluted test supernatants were
preincubated with 100 Ml of leukocyte suspension for 5 min at 37°C
and then challenged with 100 MA of HRF-containing supernatant for an
additional 45 min at 37°C. Three sets of controls were run simulta-
neously: (i) cells preincubated with buffer and then challenged with
HRF, (ii) cells preincubated with the test supernatant and then chal-
lenged with buffer, and (iii) cells preincubated with buffer and chal-
lenged with buffer.

Each experiment was performed in duplicate. At the conclusion of
the incubation, 300 Ml of HACMbuffer were added to each tube, and
the supernatants were separated from the cells by centrifugation at 600
g for 5 min at 4°C. The histamine content of the supernatants was
measured spectrofluorometrically (20). The percentage of histamine
released was calculated as described above.

A typical experiment was carried out according to the following
protocol:

Preincubation Challenge

(a) leukocytes + buffer + buffer
(b) leukocytes + buffer + HRF
(c) leukocytes + supernatant + buffer
(d) leukocytes + supernatant + HRF

The percentage of inhibition of histamine release was calculated ac-
cording to the formula: [(b - a) - (d - c)] X 100/(b - a).

The dilution of HRF for these experiments was so chosen as to
obtain a histamine release in the range of 20 to 50%.

Gel filtration of HRJF containing supernatant. Chromatography
was performed with a column (90 X 1.5 cm) packed with Sephadex
G-50 and equilibrated with HCMbuffer. The column was calibrated
with blue dextran, carbonic anhydrase, cytochrome c and insulin. Flow
rate was maintained at 12 ml/h at 4VC. Usually 2 ml of concentrated
(X10-15) supernatant was applied to the column. Fractions of 1 ml
were collected and assayed for HRFand HRIF activity.

Enzymatic treatment of HRIF-containing supernatant. Trypsin
and chymotrypsin coupled to agarose were washed twice with HCM,
pH 7.8, and suspended in the same buffer. Aliquots of HRIF-contain-
ing supernatants from histamine-stimulated MNCcultures were dia-
lyzed against HCM, pH7.8, and then incubated with trypsin (2 U/ml)
or chymotrypsin (2 U/ml) for 2 h at 30'C. Neuraminidase coupled to
agarose was washed with acetate buffer, pH 5.0, and then incubated for
2 h at 370C at a concentration of 2 U/ml with HRIF dialyzed against
the same buffer. Controls included supernatants treated with the same
buffers (positive control) and agarose-coupled enzymes incubated with
buffer (negative control). Supernatants were separated from the en-
zymes by centrifugation, dialyzed against HCMbuffer (pH 7.4) and
assayed for HRIF.

Affinity chromatography. Aliquots of 1 ml of histamine- or Con
A-stimulated supernatants were incubated with 0.5 ml of washed lentil
lectin-coupled Sepharose for 90 min at room temperature as described
by Yodoi et al. (21). After removal of the effluent and washing with 4
ml of HCMbuffer, the beads were eluted with 4 ml of 0.2 Ma-meth-
ylmannoside at 4°C. For peanut agglutinin-agarose chromatography,
aliquots of 1 ml of the supernatants were mixed with 0.15 ml of the
washed packed gel at 4°C for 4 h (21). The effluent was removed, and
the beads were washed with 4 ml of HCMand then 4 ml of 0.2 M
D-galactose in HCMbuffer, pH 7.4. All fractions were dialyzed against
HCMbuffer and then assayed for HRFand HRIF activity.

Statistical analysis. Results are expressed as mean±SEM. Data
were analyzed for differences using the computer program EPISTAT.

Results

Effect of histamine on synthesis of HRF. Wehave previously
reported that human MNCrelease small amounts of HRF
spontaneously. In our preliminary experiments we examined
the effect of histamine on this production. Cells from 10
healthy donors were cultured with or without histamine (10-8
M) and unconcentrated supernatants were assayed for hista-
mine release from fresh basophils. The amount of histamine
released by supernatants from cell cultured with and without
histamine was 3±1% and 9±1%, respectively, and the differ-
ence was significant (P < 0.001, Student's t test). Wespecu-
lated that histamine-stimulated supernatant might contain an
inhibitor of histamine release. Therefore, we examined
whether the supernatants could inhibit release of histamine
from peripheral blood basophils.

Stimulation of HRIF synthesis by histamine. First we in-
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vestigated the effect on the secretion initiated by HRF. We
observed that supernatant from histamine-stimulated MNC
inhibited histamine release from heterologous basophils by
HRF(Fig. 1). MNCcultured alone showed modest inhibitory
activity, but histamine-stimulated supernatant showed signifi-
cantly (P < 0.001, Wilcoxon's rank sum test) higher activity.
The action of this HRIF obtained from six consecutive cell
donors was dose-dependent over a wide range of dilutions.
Histamine incubated with medium alone and then dialyzed
did not show any inhibitory activity. Histamine was undetect-
able in all these dialyzed supernatants.

The production of HRIF depended on the dose of hista-
mine used in the culture. The highest production of HRIF was
usually noted at a concentration 10-6 to 10-8 M(Fig. 2), al-
though we observed considerable individual variation.

Over the last 11/2 yr we have examined the production of
HRIF by histamine-stimulated MNCobtained from 30 nor-
mal donors and obtained significant activity from 80% of the
donors in response to at least one concentration of histamine.

Effect of Con A on both HRFand HRIF. Since Con A is a
nonspecific mitogen and stimulates various subpopulations of
MNC(e.g., helper and suppressor T cells), we reasoned that
Con A-stimulated supernatant might contain both HRFand
HRIF activities. Therefore, we assayed net histamine release
by unstimulated and Con A-stimulated supernatants obtained
from culturing MNCof four normal donors as well as the
effect of these supernatants on HRF-induced histamine release
from basophils. As shown in Fig. 3, unstimulated supernatants
released small amounts of histamine at high concentrations
but showed significant inhibition of HRF-induced histamine
release in a dose-dependent manner (P < 0.05 by Wilcoxon's
rank sum test for dilutions 1:12 to 1:3). Con A-stimulated
MNCsupernatant released significantly more histamine at di-
lutions 1:12 to 1:3 (P < 0.05 by Wilcoxon's rank sum test as
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Figure 1. Production of HRIF by histamine-stimulated MNCculture
supernatant. MNCfrom six healthy donors were cultured in RPMI
either alone (e) or in the presence of histamine (l0-8 M) (o) for 24 h.
Culture supernatant was harvested by centrifugation, dialyzed twice
against 1,000 vol of water and 100 vol of HCMbuffer to remove his-
tamine, and tested for inhibition of HRF-induced histamine release
from basophils obtained from three allergic donors. HRF-induced
histamine release ranged from 25% to 44%. Data are expressed as
mean+SEM. Unstimulated MNCcultured in RPMI spontaneously
produced some HRIF and this production was significantly en-
hanced in the presence of histamine (*P < 0.001, Wilcoxon's rank
sum test). Histamine cultured without MNC(o) had no inhibitory
activity.
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Figure 2. Dose-dependent stimulation of HRIF production by hista-
mine. MNCfrom five healthy donors were stimulated with various
concentrations of histamine. Dialyzed supernatants (1:6 final dilu-
tion) were tested for the inhibition of HRF-induced histamine release
from basophils obtained from one allergic donor. HRF-induced his-
tamine release was 40%. The P values (Wilcoxon's rank sum test) for
the difference between the spontaneous production (Sp) and hista-
mine-stimulated productions are as follows: P > 0.5 for histamine
10-12 M, P = 0.01 for histamine 1010 M, P = 0.007 for histamine
10-8 M, and P = 0.03 for histamine 10-6 M.

compared to the release by unstimulated supernatants). How-
ever the same supernatant showed marked inhibition of hista-
mine release at higher dilutions (P < 0.05 by Wilcoxon's rank
sum test for dilutions 1:96 to 1:12). The difference in the inhi-
bition of HRF-induced histamine release by Con A-superna-
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Figure 3. MNCfrom four healthy donors were cultured alone
or in the presence of Con A (25 gg/ml, - - -), and the dialyzed su-
pernatants were assayed for direct histamine release (o) and for their
effect on HRF-induced histamine release (v) from basophils of a sin-
gle donor. Con A-containing supernatants were assayed in the pres-
ence of 0.05 Ma-methylmannoside to counteract the direct hista-
mine-releasing effect of this lectin. Basophils were preincubated with
the supernatants for 5 min and then challenged with buffer or HRF.
In control experiments, cells were preincubated with buffer followed
by HRFchallenge (buffer + HRF). Results are mean of four dupli-
cate experiments. SEMranged from 0.4 to 2.5 and were omitted for
clarity. Statistically significant differences (P < 0.05, Wilcoxon's rank
sum test) were obtained for following variables: (i) Con A-superna-
tant (Con A + buffer) vs. unstimulated supernatant (Unstim.
+ buffer) at dilutions 1:12 to 1:3; (ii) Con A-supernatant + HRF
(Con A + HRF) vs. unstimulated supernatant + HRF(Unstim.
+ HRF) at dilutions 1:96 to 1:24; (iii) Con A-supernatant + HRF
(Con A + HRF) at dilutions 1:96 to 1:12 vs. buffer + HRF
(= 30%±1 mean histamine release); (iv) Unstimulated supernatant
+ HRF(Unstim. + HRF) at dilutions 1:12 to 1:3 vs. buffer
+ HRF.
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tant vs. unstimulated supernatant was significant at dilutions
1:96 to 1:24, P < 0.05). An apparent low inhibitory activity at
higher concentrations of Con A-stimulated supernatants (di-
lutions 1:6 and 1:3) is probably due to the presence of sub-
stantial amounts of HRF. Because of the obvious difficulties in
assaying both HRFand HRIF in Con A-stimulated superna-
tants, we conducted chromatographic separation of the two
cytokines.

Gelfiltration. Gel filtration of histamine-stimulated super-
natant revealed a single peak of activity at the Mr range 8-10
kD (Fig. 4 A). Gel chromatography of Con A-pulsed MNC
supernatant (Fig. 4 B) showed that this material contained
both HRFand HRIF activities. HRFwas recovered from
fractions which corresponded to the Mr ranges of 15-30 kD as
well in a larger fraction (previously shown to be - 50 kD); and
HRIF appeared in the M, range of 8-10 kD. Histamine-stimu-
lated supernatant from MNCof some normal donors also
showed a small peak of HRFin the range of 15-30 kD.

Physicochemical characterization of HRIF. Histamine-
stimulated MNCsupernatants were used for physicochemical
characterization of HRIF. Enzymatic treatment of HRIF-con-
taining supernatants with trypsin and chymotrypsin almost
completely abolished its activity (Table I). This suggested that
intact protein structure is necessary for the inhibitory activity
of HRIF. Treatment of HRIF-containing supernatant with
neuraminidase did not affect its activity. When buffer was
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Figure 4. Gel chromatography of histamine-stimulated (A) and Con
A-stimulated (B) MNCsupernatants. 15-fold concentrated superna-
tant (2 ml) was applied to a column (90 X 1.5 cm) that was precali-
brated with marker proteins. 1-ml fractions were collected, and every
third fraction was tested at a dilution 1:3 for inhibition of HRF-in-
duced histamine release from basophils. HRIF activity (e) of hista-
mine-stimulated supernatant appeared in the fractions that corre-
sponded to the Mr range of 8-10 kD. A small peak of HRF(o) was
found in the 15-30-kD range. This experiment was repeated twice,
and a similar elution profile of HRIF was noted. Gel filtration of
Con A-stimulated mononuclear cell supernatant from healthy
donors showed HRIF activity in the region corresponding to Mr
8-10 kD whereas HRFactivity appeared in the void volume (Mr
> 30 kD) and in the Mr range of 15-30 kD. This experiment was re-
peated twice, and similar results were obtained. Control histamine
release ranged from 26% to 48%.

Table I. Physicochemical Characterization of HRIF

Inhibition of
Treatment histamine release(%) P

Untreated HRIP 61±9
HRIF, 600C 1 h 59±9 >0.5
HRIF X 4 freezing and thawing 48±11 >0.5
HRIF + trypsinW 11±9 0.001
HRIF + chymotrypsint 0 0.001
HRIF + neuraminidase§ 43±7 >0.5

Values for inhibition of histamine release given as mean±SEM.
* Untreated controls of HRIF for enzyme-treated experiments were
dialyzed against HCM, pH 7.8, and then incubated at 30'C for tryp-
sin and chymotrypsin experiments or dialyzed against acetate buffer,
pH 5, and then incubated at 370C for neuraminidase experiments
for 2 h. These treatments did not affect the activity of the supernatants.
t HRIF was dialyzed against HCM, pH 7.8 and then incubated at
30'C for 2 h. Results of four duplicate experiments are shown.
§ HRIF was dialyzed against acetate buffer, pH 5, and then incubated
with neuraminidase in the same buffer at 370C for 2 h. (N = 3 for
neuraminidase experiments, and the mean control inhibition by un-
treated supernatants in these experiments was 54±8%.)

Wilcoxon's rank sum test.

incubated with these enzymes (no HRIF) and then tested, it
did not release any histamine from basophils, nor did it affect
the response to HRF. HRIF is heat-stable at 560C and fairly
resists X4 freezing and thawing.

In attempting to separate HRFand HRIF by affinity chro-
matography using lentil lectin-Sepharose and peanut aggluti-
nin-agarose, we found neither molecule bound to these lectin-
coupled gels and both activities were recovered from the ef-
fluents (data not shown).

A preincubation period of 5- 10 min with basophils is nec-
essary for complete inhibitory activity (Fig. 5). Preincubation
of basophils with HRIF for < 5 min resulted in less inhibition
of histamine release.
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Figure 5. Effect of preincubation period of cells upon the activity of
HRIF. Basophil leukocytes were preincubated with HRIF (1 5-fold
concentrated histamine-stimulated supernatant, o) for 40-60 s, 3, 5,
and 10 min at room temperature and then challenged with HRF.
Buffer (e) was used in the control experiments. Maximum inhibition
occurred when the cells were preincubated with HRIF for 5 min or
more. Results are mean±SEMof six experiments. Control histamine
release ranged from 18% to 30%.
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Wealso studied the effect of removal of HRIF after prein-
cubation upon HRF-induced histamine release from baso-
phils. Leukocytes were preincubated with HRIF for 10 min
then centrifuged and washed twice against 40 vol of buffer and
then challenged with HRF. In six experiments, the inhibition
of histamine release was 60±4% which was not significantly
different from that released by the unwashed cells (64±3%, P
> 0.5, Student's t test).

Wewondered whether HRIF binds to HRF in the fluid
phase and thereby inhibits histamine release. To address this
issue, we preincubated HRIF with HRFfor 10 mim and then
added cells. There was no inhibition of histamine release in
these experiments (n = 6). In contrast, the same batch of HRIF
inhibited histamine release by 64±3% when preincubated with
basophils for 5 min before the addition of HRF.

Specificity of HRIF. The inhibitory activity of HRIF to-
wards other agonists was also evaluated. Basophils were prein-
cubated with histamine-stimulated supernatants and then
challenged with ragweed antigen, anti-IgE, Con A, PMA, and
C5a. We found that HRIF did not inhibit histamine release
from basophils induced with these agents (Fig. 6).

Discussion

The results presented in this paper demonstrate that MNC
from healthy subjects produce a HRIF upon stimulation with
histamine or the mitogen Con A. HRIF specifically inhibits
HRF-induced histamine release from basophils. Other baso-
phil secretagogues-ragweed pollen allergens, anti-IgE, Con
A, PMA(a protein kinase C activator), and the anaphylatoxin
C5a-are not blocked by HRIF. Inhibition of histamine re-
lease by HRIF requires preincubation with basophils for 5-10
min. Removal of HRIF by washing after the preincubation
period does not affect the inhibition of histamine release.
HRIF is a heat-stable, trypsin- and chymotrypsin-sensitive,
and neuraminidase-resistant protein of apparent Mr 8-10 kD.
HRIF is distinct from interleukins 1, 2, and 4 and -y-interferon,
since these cytokines did not inhibit the release of histamine

Cells preincubated with
buffer or HRIF,

then challenged with

HRF

%change in release
HRIF vs buffer
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Figure 6. Effect of HRIF on histamine release by various secreta-
gogues. Basophils from ragweed sensitive donors were preincubated
with HRIF-containing supernatant (final dilution of 1:6) for 5 min,
then challenged with HRF, ragweed allergen (10-6 wt/vol), anti-IgE
(1:10,000), Con A (10 ug/ml), PMA(10 ng/ml), and C5a (1:100).
Results (mean±SEM) from six experiments are shown in the figure.
HRIF significantly inhibited HRF-induced histamine release but
failed to affect histamine release by allergen, anti-IgE, Con A, PMA,
and C5a. Control histamine release in these experiments ranged from
30% to 60%.

when tested at concentrations in a range of 0.05-500 U/ml
(data not shown).

Histamine inhibits antigen-induced histamine release from
basophils at concentrations of 3 X l0-7 to 10-6 M(22). Wedo
not think that inhibition of HRF-induced histamine release
was due to the presence of contaminating histamine in the
supernatant because histamine was undetectable in the dia-
lyzed supernatants (< 10-9 M). Furthermore, HRIF did not
inhibit antigen-induced histamine release in our experiments.

One of the major problems that we encountered in assay-
ing HRIF was the presence of HRFin most MNCsuperna-
tants. Wehave overcome this problem by stimulating the cells
with histamsne, which inhibits the production of HRFand
stimulates the production of HRIF. Additionally, we noticed
that HRFactivity was easily diluted to insignificant effects at
1:12, whereas HRIF was most active at these dilutions. An-
other way to separate these cytokines is gel chromatography
with Sephadex G-50.

It has been well established that histamine has immuno-
modulatory properties. T and B lymphocytes and monocytes
possess both HI and H2 receptors. Histamine stimulates the
production of several lymphokines (reviewed by Beer et al.
[181) including the histamine-induced suppressor factor, lym-
phocyte chemotactic factor, and migration inhibitory factor
for lymphocytes. HRIF appears to be distinct from these lym-
phokines by virtue of its lower Mr, not being a glycoprotein,
and insensitivity to heating at 56°C. Above all, the production
of histamine-induced suppressor factor, lymphocyte chemo-
tactic factor, and migration inhibitory factor for lymphocytes
requires high concentrations of histamine, usually in the range
of l0-5 to 10-3 Mwhereas the optimal range for HRIF synthe-
sis is 10-8 to 10-6 M. Wethink the low concentration of hista-
mine needed to stimulate synthesis of HRIF bodes well for the
physiologic significance of this cytokine. Whether HRIF pos-
sesses other biological activities remains to be determined in
future studies.

Studies from several laboratories have established that
HRF are cytokines that release histamine and leukotrienes
from basophils and mast cells (5-8, 23-31). HRFare produced
by several cells, including MNC, lung macrophages, neutro-
phils, and platelets. Our recent studies have shown that B cells
are the major producer of HRFrecovered from MNCsuper-
natant, although other cells such as CD4+ T cells synthesize
moderate amounts of HRF (9). Recently, it has been shown
that a HRF-like substance is produced by two-cell human em-
bryo in culture (32). Although the significance of this finding is
not clear, it has been speculated that the release of histamine
by HRFmight favor implantation of the embryo. Since HRF
are produced by so many different cell types, we believe they
may have considerable biologic importance. Consequently, a
specific inhibitor of HRFmight have a major role in regulating
the activation of basophils and mast cells.

Production of HRIF by MNCsuggests that these cells not
only stimulate the function of basophils and mast cells but also
inhibit their activity. Stimulation of HRIF production by his-
tamine is another example of the negative feedback mecha-
nisms that exist between lymphocytes and histamine contain-
ing cells. Lymphocytes produce HRFthat activate mast cells
and basophils. Histamine released from the target cells stimu-
lates lymphocytes to synthesize HRIF, which, in turn, inhibits
further histamine release, and the immunologic homeostasis is
restored. Wespeculate that a fine balance exists between the
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production of HRFand HRIF in vivo and loss of this balance
may contribute to the development of disease.

Some recent data suggest that this concept might be true
for asthmatic patients. Relatively large amounts of HRFare
produced spontaneously by MNCfrom asthmatic patients
(33). This spontaneous HRFproduction highly correlates with
the severity of bronchial hyperreactivity (34) and clinical
symptoms (35). HRF-like molecules have been recovered
from skin blister fluid during late-phase allergic reactions (36),
and it has been speculated that HRFmight be involved in the
development of late-phase reactions. The late allergic reaction
is now considered the most important factor in the pathogene-
sis of chronic asthma. Since HRIF specifically inhibits HRF
activity, the production of HRIF might represent a protective
mechanism against the development of late allergic reactions
and by inference, chronic asthma.

Although synthesis of IgE antibody seems to be a necessary
condition for initiation of allergic disease, it may not be suffi-
cient. It has been suggested that the synthesis of HRF is an
equally important phenomenon in predisposing individuals to
atopy (34-38). Wepropose that specific inhibition of HRFby
the endogenous cytokine HRIF may be an important physio-
logic mechanism for regulating basophils and mast cells. HRIF
may be one of the major molecules preventing allergic hyper-
sensitivity, and administration of exogenous HRIF might
prove useful for reversing allergic reactions.
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