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The initiation of allergic reactions with the bridging of surface-bound IgE antibodies on mast
cells and basophils by allergens is well recognized. However, it is clear that other factors most
likely play a role in regulating these cells. A number of cytokines have been identified that
modulate the secretory response of mast cells and basophils. Among the well-characterized
cytokines, interleukin-3 and connective tissue—activating peptide Il (or its degradation product,
neutrophil-activating peptide 2) can increase the secretory response, whereas interleukin-8
specifically inhibits the response to cytokines. Additional factors are currently under
investigation. Preliminary studies suggest an important role for these histamine-releasing factors
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demonstrable. Furthermore, these cytokines may modulate the response of basophils and mast

cells in physiologic conditions, such as tissue repair and host defense. (J ALLERGY CLIN

IMMUNOL 1991,88:683-93.)

Key words: Histamine-releasing factor, histamine, interleukins, basophils, hypersensitivity

From the Allergy and Immunology Division, Department of Internal
Medicine, The University of Texas Medical Branch at Galveston,
Galveston, Texas.

Supported by National Institutes of Health Grant AI-22940 and a
John Sealy Endowment Grant.

Presented in part as a postgraduate lecture at the Annual Meeting
of the American Academy of Allergy and Immunology, San
Antonio, Texas, Feb. 24-March 1, 1989.

Reprint requests: J. Andrew Grant, MD, University of Texas Med-
ical Branch, Route G-62, Galveston, TX 77550.

*Recipient of a Burroughs-Wellcome New Investigator Merit
Award and a National Institutes of Health Young Investigator
Award Al-27864.

1/2/29770

The cross-linking of adjacent IgE Abs is a necessary
feature for initiating basophil and mast cell secretion
by allergens; however, this single event may not be
sufficient to explain the induction of human atopic
illness. This classic theory of allergic hypersensitivity
now must be tempered by newer developments. Fur-
thermore, increased numbers of basophils and mast
cells are often observed in conditions in which an IgE-
dependent mechanism is not apparent.’ > A number
of other physiologic triggers for these cells have been
identified, including IgG Abs,’® anaphylatoxins,* neu-
ropeptides (such as substance P),” serum protein frag-
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Abbreviations used
Ag: Antigen
LPR: Late-phase response
HR: Histamine release
HRA: Histamine-releasing activity

HRIF: Histamine release inhibitory factor
HRF: Histamine-releasing factor
MAb: Monoclonal antibody

IL: Interleukin
NAP: Neutrophil-activating peptide

CTAP: Connective tissue-activating peptide

BH: Bronchial hyperreactivity
GM-CSF: Granulocyte-macrophage colony-stimu-
lating factor

Ab:  Antibody

MNC: Mononuclear cell

ments,’ and other granulocyte granular constituents
(such as eosinophil major basic protein).” The role of
cytokines has been an active area of recent investi-
gations. Effects of cytokines on basophils and mast
cells include cell differentiation, maturation, and traf-
ficking.*"* Mast cells themselves may synthesize cy-
tokines.'*"” This article will focus on modulation of
cellular secretion by cytokines.> '® *°

ALLERGIC LPRs

In 1873, Blackley described upper and lower re-
spiratory reactions to pollen exposure that persisted
for hours to days. Prausnitz and Kustner identified a
delayed cutaneous component in the response to Ag
after serum passive transfer of sensitivity. In 1924,
Vaughan discussed the inflammatory nature of this
delayed response to skin tests. Jones and Mote de-
scribed the development of both immediate and de-
layed cutaneous responses to heterologous proteins.
Herxheimer suggested that the late bronchial reaction
to Ags might be of considerable importance for pa-
tients with more severe asthma.”

In the 1970s, delayed cutaneous reactions to Ags
and allergens were examined in depth."*'** A clear-
cut IgE dependence was demonstrated in both the
immediate and LPR in allergen skin tests.”® In many
cases, an increase in basophilic infiltration was iden-
tified, although this was not consistent. Dvorak et al.!
coined the term “cutaneous basophil hypersensitivity”
and speculated that appropriate Ag stimulation could
induce lymphocytes to synthesize and release factors
to attract basophils and trigger mediator release.”
Both lymphocyte-derived chemotactic factors and se-
cretagogues have been identified.® > *’ There is sub-
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stantial evidence for lymphocyte activation in allergic
disorders, especially bronchial asthma.

The LPR in the respiratory tract, in many ways,
resembles the clinical illness induced by natural al-
lergen exposure. Cockcroft® * reported a correlation
between LPR in the lung and BH. An LPR has also
been described in the nose.?’ Although the mast cell
is the predominant cell source of histamine and other
mediators in the immediate allergic response, the pat-
tern of mediators recovered from the LPR more clearly
resembles the response of the basophil.’> ** Indeed,
an increased number of basophils has been detected
in the LPR in the skin, nose, and lungs.*"**%

CYTOKINES AND BASOPHILS

In 1979, Thueson et al.? ¥’ reported that cultured
human MNCs release an HRA or HRF. Mitogens,
delayed hypersensitivity Ags, allergens, and hu-
man tumor cells stimulate increased synthesis of
HRF.?* The stimulation of HRF synthesis by de-
layed hypersensitivity Ags was correlated with the
delayed cutaneous response of the cell donor to the
same Ag.?* * The generation of HRF was blocked by
inhibitors of protein and nucleic acid synthesis. Pre-
liminary characterization of HRF demonstrated that it
was a heat-stable protein with an apparent molecular
weight of 10 to 20 kd by gel exclusion chromatog-
raphy. These initial investigations have been con-
firmed by many investigators who have added to
our understanding of the potential importance of
HRF.35’ 38, 41-46

BASOPHIL AND MAST CELL RESPONSE
TO HRF

The basophilic response to HRF was clearly distinct
from the response to C5a anaphylatoxin, and release
of histamine was dependent on the presence of di-
valent cations.”® Maximal release of histamine is
achieved within 1 to 5 minutes and is optimal at phys-
iologic temperature. Both histamine and leukotriene
D are released from leukocytes reacted with HRF.*
Lung mast cells also degranulate on exposure to
HRF 43, 47

We have also explored the morphologic changes of
basophils induced by HRF. Cells were enriched by
Percoll density-gradient centrifugation.*® By trans-
mission electron microscopy, we observed that HRF
induced, in some cells, a noncytotoxic pattern of ba-
sophil degranulation very similar to that induced by
Ag and C5a.* Cytoplasmic granules were extruded
singly through multiple fusions between perigranular
and plasma membranes. In contrast, other basophils
exposed to HRF failed to demonstrate evidence of
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FIG. 1. Synthesis of HRF by human peripheral blood monocytes, T cells, and B cells. Highly
enriched subpopulations were cultured without stimulation for 24 hours before harvesting su-
pernatants for measurement of HRF. Data represent the mean and standard error (N = 8 for B
cells and N = 4 for monocyte and T cell experiments). (Reprinted with permission from J Im-

munol 1989;142:3951.)

degranulation but demonstrated a single elongated cel-
lular process. This polarized cellular configuration
suggested a chemokinetic or chemotactic effect of the
preparation of HRF.

These studies are compatible with the previous
study of a lymphocyte-derived chemotactic factor for
basophils.®* When MNC-culture supernatant was sub-
Jjected to gel filtration and ion exchange chromatog-
raphy, we were unable to separate basophil chemo-
tactic activity from HRA.® * We speculate that at
low concentrations cytokines direct the chemotaxis of
basophils at sites of immune responses, and at higher
concentrations, induce cellular secretion.

CELLULAR ORIGIN OF HRF

Early studies suggested that T cells could synthesize
HRF.* *' Schulman et al.* reported that blood mono-
cytes also release HRF. By plastic adherence, eryth-
rocyte rosetting, and specific MAbs plus complement,
we purified different subpopulations from peripherat
blood MNCs.* On a per cell basis, we found that B-
lymphocytes spontaneously release the largest quan-
tity of HRF (Fig. 1). The synthesis by B cells was

confirmed by abolishing the release with OKB7 MAb
plus complement. Appreciable quantities of HRF also
were generated by T cells (both CD4~ and CD8"
cells) and monocytes. The production of HRF, in ad-
dition to IgE, places B-lymphocytes at the center of
allergic inflammation.

White et al.**** have demonstrated release of HRF
by neutrophils, although this species appears bio-
chemically distinct from the factors released by
MNCs. HRF has also been recovered from hu-
man bronchoalveolar and nasal fluids,”™' thoracic
duct lymphocytes,™ platelets,*” pulmonary mono-
cytes/macrophages,*> * * embryonal cells,* and en-
dothelial cells. Also, HRF is synthesized by cul-
tured rat, mouse, guinea pig, and dog lympho-
cytes.*>™

BIOCHEMICAL CHARACTERIZATION OF HRF

Since HREF is derived from such a variety of cells,
it was anticipated that these factors were heteroge-
neous. Initially, two species of HRF were identified
by ion exchange chromatography.*® * """ Subse-
quently, this was confirmed by high-performance lig-
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TABLE |. Effect of recombinant cytokines
on basophils

Donor Enhancement of

Cytokine Direct HR specificity HR by anti-IgE
IL-1 +* Allergict +

IL-2 - NA +

IL-3 + Allergict +

IL-8 + ND ND
IFN-vy - NA +
GM-CSF + Allergict +

CTAP 111 + ND ND

NAP 2 + ND ND

NA, Not applicable; ND, 'no data available.

Data derived from references 46, 74, 76-80, 82-85, and 87-89.

The effect of IL-4, 5, 6, and 9, transforming growth factor-B,
thromboglobulin-B, tumor necrosis factor-a, soluble CD23, and
endothelin were investigated and caused no HR from human
basophils (unpublished data and reference 76).

*One study®' demonstrated direct HR by IL-1, whereas other studies
reported a negative result.*

tDirect HR from a subgroup of allergic patients at large doses.

uid chromatography.’ 7> Baeza et al.”” have isolated
three species of HRF with apparent molecular weights
of 12, 17, and 41 kd. MAbs have been prepared
against the smallest species, permitting recovery of
sufficient material by affinity chromatography for se-
quence analysis.”* The 12 kd HRF is strongly ho-
mologous to CTAP III, a peptide first isolated from
platelets, as well as its cleavage product, NAP 2.
CTAP III activates fibroblasts, and NAP 2 stimulates
neutrophils. Both cytokines may cause HR from ba-
sophils. The 17 and 41 kd species of HRF do not react
with the MAD specific for the 12 kd moiety and thus
might be different gene products.

We have confirmed the existence of at least three
species of HRF.” With sequential gel filtration and
anion exchange high-performance liquid chromatog-
raphy followed by two-dimensional polyacrylamide
gel electrophoresis, we have isolated a species of HRF
with an apparent size of 44 kd. This peptide was
isolated from MNCs and RPMI 8866 cell-culture
fluid.

RELATIONSHIP OF HRF TO
OTHER CYTOKINES

IL-1, IL-3, IL-8, NAP 1, and GM-CSF can induce
low levels of HR from susceptible basophils, usually
cells of highly atopic donors (Table I).”*** This phe-
nomenon can be enhanced by previous treatment of
basophils with deuterium oxide (Fig. 2). However,
the profile of response to these cytokines, as well as
other recombinant human cytokines, can clearly be
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distinguished from the response to MNC HRF.”® We
have examined a variety of other recombinant human
cytokines and could not detect HRA over a broad
range of concentrations.

The most potent cytokine in terms of HRA is
IL-3; however, HRF can be distinguished from IL-3
by an anti-IL-3 MAb.” IL-1, IL-2, IL-3, GM-CSF,
and interferon-y act to enhance the basophilic re-
sponse to a number of secretagogues, including Ag,
C5a, anti-IgE, and IL-8.%*%

We conclude that a number of known cytokines
may induce mediator release from basophils. The most
important might be IL-3 and CTAP III/NAP 2. How-
ever, there remain other factors in MNC-culture su-
pernatant that are responsible for the predominant
HRA, and their purification and characterization are
anticipated shortly.

HRIF

Given the plethora of histamine-releasing cytokines
and ubiquitous nature of these substances, it should
be assumed that there must exist a precise mechanism
for regulation of basophil/mast cell activation. Alam
et al. demonstrated the synthesis of an HRIF by
guinea pig spleen cells. This factor nonspecifically
inhibited mediator release from guinea pig lung mast
cells. Subsequently, Alam et al.”*® demonstrated the
synthesis of HRIF by human MNCs. The generation
of human HRIF is increased by physiologic concen-
trations of histamine, suggesting a mechanism for
feedback inhibition of histamine secretion. Synthesis
of HRIF is also increased by culture with mitogens,
allergens, and phorbol myristate acetate. HRIF is a
trypsin- and chymotrypsin-sensitive protein, with a
predominant species recovered at 6 to 10 and 35 to
45 kd by gel filtration. When basophils or lung mast
cells are preincubated with HRIF for a period of 5
minutes, the response to HRF is blocked. HRIF spe-
cifically antagonizes HRF but does not affect release
initiated by other secretagogues, such as allergens,
anti-IgE, C5a, Concanavalin A, and phorbol myristate
acetate. Like HRF, HRIF is synthesized in greater
quantity by B cells, followed by T cells and mono-
cytes.”!

Because of its similar apparent molecular weight
(8 kd), we have investigated the inhibitory properties
of IL-8 on HR. We observed that IL-8 inhibited me-
diator release from basophils when it reacted with
HRF. This action was also specific for HRF; IL-8 had
no effect on release initiated by C5a and N-formyl-
methionyl peptides. Thus, IL-8 resembles the lower
molecular weight species of HRIF in terms of apparent
size and specificity.
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FIG. 2. Human basophil HR, when basophiis are reacted with recombinant cytokines, partially
purified HRF and anti-IgE. Cells were suspended with or without deuterium oxide {D,O) (40%
final concentration) shortly before challenge with graded concentrations of each cytokine
(5 x 103 to 5 x 10-? gm/ml)}, anti-IgE {10-% to 10-3), or HRF (1/12, 1/6 and 1/3). Resuits with
the highest concentration are illustrated, N = 8 to 13. (Reprinted with permission from J Im-
munol 1989;142:3431.)

CLINICAL SIGNIFICANCE OF HRF AND HRIF

. ; greater amounts of HRF. This was true for MNCs
In vitro synthesis of HRF

from subjects with extrinsic or intrinsic asthma. Sub-

The first notion that HRF had relevance to human  sequently, they observed a correlation between the
atopic illness came from the observation of Alam and  quantity of HRF synthesized and the BH of the donor
Rozniecki®’ and Alam et al.* that MNCs obtained  with asthma (assessed by histamine bronchoprovo-
from subjects with asthma spontaneously synthesized  cation) (Fig. 3).>> The quantity of HRF released by
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FIG. 3. Relationship between BH (provocative concentra-
tion of histamine causing a 20% fall in FEV,) and the spon-
taneous production of HRF by MNCs in culture. (Reprinted
with fermission from J ALLERGY CUIN IMmunoL 1987;79:
103.)

MNC:; is increased when it is cultured with relevant
allerg:ns, especially during the pollen season.* Otte
et al.”* reported that MNCs from patients with sclero-
derme synthesized increased quantities of HRF. Leu-
kocyt:s from dogs with asthma have been observed
to rel:ase large quantities of HRF when these leu-
kocytes are challenged with ragweed-pollen Ag
(Frick: OL. Personal communication). The same Ag
produces intense and protracted hyperreactivity after
bronciial challenge. These observations support the
hypotesis that HRF is involved in the genesis of BH.
Kuna et al.* evaluated the effect of allergen im-
muno herapy on the synthesis of HRF with a double-
blind, placebo-controlled trial. They observed that ef-
fectivi: grass-pollen immunotherapy in patients with
seasonal asthma was correlated with abrogation in the
seasonal rise in HRF synthesis (Fig. 4). This obser-
vatior was recently confirmed by Hsieh and Liao.”

Effects of HRF in vivo

The: response to partially purified HRF has been
studied in humans and other animals. Alam and
Rozniecki®” observed that MNC-derived HRF induced
broncnospasm as well as a positive cutaneous response
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FIG. 4. Production of HRF by grass-stimulated MNCs. Sub-
jects receiving active immunotherapy were studied before
onset of the study and after 2 years of preseasonal im-
munotherapy. (Reprinted with permission from J ALLERGY
Cun ImmunoL 1989;83:816.)

in allergic patients. Both human MNC-derived HRF*
and neutrophil-derived HRF* cause an immediate and
late-phase cutaneous reaction in guinea pigs. Re-
cently, Fisher et al.*® performed bronchial challenge
with human platelet-derived HRF on rabbits. They
reported that allergic animals with asthma, but not
normal animals, developed changes in pulmonary
compliance, hyperreactivity, and an eosinophilic in-
filtration.

HRF and cutaneous disorders

Elias et al.”” demonstrated an increase in the number
of activated T-lymphocytes and monocytes in skin
biopsy specimens of patients with chronic urticaria.
Since the skin mast cells in patients with this condition
are hyperreleasable, the authors speculated that HRF
might be responsible. HRF has been recovered from
skin blisters during the LPR induced by allergen chal-
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FIG. 5. Rates of spontaneous HR in eight patients with atopic dermatitis. Assays were performed
at the time of diagnosis and after a year receiving an appropriate allergen-avoidance diet. The
decrease in HR in vitro paralleled clinical improvement in the patient’s dermatitis. {Reprinted
with permission from N Engl J Med 1989;321:228.)

lenge.”® However, HRF was not observed in the im-
mediate phase samples. Sampson et al.” have eval-
uated children with atopic dermatitis associated with
food hypersensitivity. Basophils from these subjects
had high spontaneous HR that returned to normal as
their skin condition improved on an allergen-avoid-
ance diet (Fig. 5). MNCs from these patients dem-
onstrated a heightened synthesis of HRF that declined
after a year of diet (57.1% * 9.3% HR versus
2.0% * 0.9% after diet; N = 10; p < 0.01). The
authors concluded that exposure to food allergen pro-
vokes synthesis of HRF that enhances basophil me-
diator release. Coupled with the observation of in-
creased basophils recovered during the LPR in the
skin, nose, and lung,* *** this finding provides in-
direct evidence for a fundamental role for HRF in
chronic allergic reactions.

Cytokines in respiratory fluids

HRF and HRIF have also been recovered from re-
spiratory secretions.””*" The quantity of HRF in bron-
chial and nasal washings demonstrate considerable
variation in both allergic and nonatopic individuals;
differences are not correlated with atopic status of the
patient. Broide et al.'® observed that lavage fluid from

patients with idiopathic pulmonary fibrosis contained
elevated quantities of HRF. They distinguished the
HRF from other known cytokines causing HR and
demonstrated that it had an apparent size of 30 to
50 kd.

Basophil response to HRF

The basophils of allergic donors, especially donors
with asthma, release a greater percentage of cellular
histamine in response to MNC HRF than cells from
normal volunteers.”” ¢ '*' However, the response of
cells from allergic patients with asthma does not cor-
relate with the severity of disease.®” HRF obtained
from nasal and bronchial lavage and lung macro-
phages more selectively activates the cells of atopic
donors.*> ** ¢! ¢ The response to HRF was substan-
tially blocked when cells were treated with lactic acid
under conditions that strip surface-bound IgE.>" ¢
Reactivity to HRF was restored by incubating the cells
in serum from certain atopic donors, but not by IgE
myeloma or by serum from nonatopic subjects. There
was no correlation between the concentration of IgE
and the ability of a serum to reactivate basophils to
HRF. The factor in serum responsible for reestablish-
ing the basophilic response to HRF was sensitive to
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heat treatment and could be removed by matrix-bound
anti-IgE.*” These findings suggest a profound IgE de-
pendence for certain species of HRF recovered from
platelets and respiratory secretions. However, in other
disorders, the major species of HRF detected in bron-
choalveolar lavage fluid may not be IgE dependent,
as demonstrated by Broide et al.!® in pulmonary fi-
brosis.

IgE heterogeneity

The observations regarding IgE dependence of cer-
tain HRFs provided the basis for the concept of IgE
heterogeneity in terms of its ability to bind HRF.
Lichtenstein® postulated that subjects with IgE re-
aginic Abs incapable of binding HRF would elicit
positive skin tests but only mild atopic symptoms.
Individuals with IgE+ Ab capable of binding HRF
would have more severe allergic disorders. Recently
(MacDonaldSM. Personal communication), the IgE-
dependent HRF moiety has been partially purified and
has been demonstrated to have an approximate size
of 32 kd. Furthermore, it was found that the IgE+
moiety is formed by postsynthetic glycosylation of the
immunoglobulin.

CONCLUDING HYPOTHESIS

The synthesis of IgE specific for allergens is a nec-
essary condition for development of atopic illnesses.
However, the intrinsic reactivity of basophils and mast
cells may be determined by a variety of substances
that increase (HRF and IL-3) or decrease (HRIF and
IL-8) cellular response. MNCs and other cells release
factors (including HRF) that attract and activate ad-
ditional inflammatory cells, especially eosinophils and
basophils, during the LPR. The cycle continues, even
in the absence of allergens, and ultimately leads to
the development of nasal hyperreactivity and BH.”
Histamine, a major mediator of allergic injury, may
have an additional effect by increasing synthesis of
HRIF, a specific inhibitor of HRF, which may restore
local homeostasis. The clinical relevance of cytokine-
dependent mediator release from mast cells/basophils
extends beyond the boundary of the atopic diseases.
Increases in the total number of tissue mast cells
and/or basophils is observed in many chronic inflam-
matory disorders. These include rheumatoid arthritis,
ulcerative colitis, sarcoidosis, hypersensitivity pneu-
monitis, atopic dermatitis, parasitic infestations, and
the rejection process of some tumors.” In addition,
the degranulation of mast cells has been reported in
chronic urticaria, pulmonary fibrosis, systemic scle-
rosis, neurofibromatosis, and graft-versus-host dis-
case. However, an IgE-dependent mechanism in most
of these conditions is unlikely. We speculate that HRF

J. ALLERGY CLIN. IMMUNOL.
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is the missing link between the activated lymphocytes
and degranulated mast cells frequently observed in
these disorders.
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