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Interest in histamine-releasing factors (HRF) stems
from the initial studies of Thueson et al. (57, 58),
which indicated that mononuclear cells secrete one
or more substances capable of degranulating human
basophils to release histamine. HRF was distin-
guished from IgE antibody and from the anaphyla-
toxin fragments such as C3a and C5a. We now know
that HRF is not a single substance, but a mixture of
closely related molecules, most of which are mem-
bers of the chemokine group of cytokine-like mol-
ecules (Table 1).

The term "chemokines" denotes a series of struc-
turally related cytokines which are chemotactic fac-
tors, and therefore recruit inflammatory cells into an
area of tissue injury, and also activate them. There

Table 1. The chemokine family

Subfamily a

Platelet factor 4
P Thromboglobulin
CTAP lll/NAP-2
Interleukin-8 (NAP-2)
Melanoma growth factor (GRO/MGSA)
Macrophage inflammatory protein (MIP-2)
IP-10

Subfamily P

MCAF/MCP-1
MCP-2
MCP-3
RANTES
MIP la
MIPIP
i-309
HC 11, 14

are two subgroups of chemokines, as shown in
Table 1, termed a and (3. All chemokines have a mol.
mass of approximately 8 kDa, and have four critical
cysteine residues positioned similarly. The first two
cysteines may have a single amino acid between them
(C-X-C) characteristic of the a subgroup, or these
two cysteines may be adjacent (C-C), as seen in the
P subgroup. All of these cytokine-like molecules bind
to heparin, although their relative affinity varies, and
the ot and P subgroups are encoded on different chro-
mosomes, i.e., chromosomes 4 and 17, respectively.
Once purified, the a chemokines can be sequenced
readily since the A^-terminus is free, whereas the (3
chemokines are more difficult by virtue of having a
blocked TV-terminus. The potent HRFs thus far iden-
tified are members of the (3 chemokine family al-
though both a and (3 chemokines may have a role in
the recruitment and activation of basophils, eosino-
phils, monocytes, and lymphocytes.

HRF-dependent basophil activation

Various reports have confirmed the original obser-
vation that mononuclear cells (24, 25, 29, 38, 39, 51)
or platelets (44) can produce cytokines that cause
basophil degranulation and histamine release; how-
ever, there was little progress in isolating and char-
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acterizing such factors on a molecular basis until the
chromatographic separation reported by Baeza et al.
(8). A combination of ion-exchange chromatography
and gel filtration separated HRF into at least three
fractions, each of which released histamine upon
incubation with human basophils. Thus, HRF ap-
peared to be either a single factor with multiple mo-
lecular forms or multiple gene products with over-
lapping functions. The latter proved to be correct.
Application of high-performance liquid chromato-
graphy (HPLC) and preparative elution from so-
dium dodecyl sulfate (SDS) gels led to purification
of an 8-10-kDa protein (9), and amino acid sequence
analysis revealed it to be CTAP III/NAP-2, an a
chemokine. In this instance, there was microheter-
ogeneity because the gel band was broad and the
amino acid sequence of the upper half of the broad
band corresponded to connective-tissue-activating
protein (CTAP) III, while the amino acid sequence
of the lower half was identical except that the
yV-terminus began with amino acid no. 16. Enzy-
matic cleavage of purified CTAP III (produced from
platelets) with purified elastase or supernatants from
activated monocytes (61) removes the TV-terminal 15
residues and converts them to neutrophil-activating
protein (NAP)-2. These proved to be plentiful
chemokines, each of which acted on basophils in the
0.5-10.0 )ig/ml range; therefore, they were relatively
weak on a molar basis. CTAP III was originally
described as an activator of fibroblasts to stimulate
synthesis of DNA, sulfated glycosaminoglycans, hy-
aluronic acid, and prostaglandin E2 (18). Removal
of the A'-terminal 15 residues generates NAP-2,
which retains the activities of CTAP III but acquires
the capacity to attract neutrophils and to activate
them. CTAP III and NAP-2 are equipotent in ca-
pacity for basophil histamine release (46). NAP-1,
described earlier, is identical to interleukin (IL)-8
(Table 1), a potent chemotactic factor and activator
of neutrophils (66).

Subsequent studies proceeded either by further
purification and characterization of HRF by HPLC,
or by assaying all of the described ot or (3 chemokines
for activity on human basophils or mast cells. Kuna
et al. (33) and Alam et al. (4) showed that MCAF or
MCP-1, a P chemokine, is a potent HRF (Fig. 1).
MCAF/MCP-l accounts for 50-60'\, of the total
histamine-releasing capability of mononuclear cell
supernatants, and about 90",, of the activity of the
initial chromatographic peak, which also contains
CTAP III/NAP-2 and IL-8. For example, immuno-
absorption of peak I with monoclonal antibodies
against CTAP III leaves a faint band in the same
position upon SDS gel electrophoresis which retains
approximately 90"o of the original activity and cor-
responds to MCAF/MCP-1 by immunoblotting (32).
This protein was discovered by two research groups

Ed
OS 25:1

Z 20:

73

10 •" 10 ••° 10 "' 10 * 10

Concentration of MCAF (M)
10

Fig. 1. Dose-dependent histamine release by MCAF. Basophils
of six subjects were challenged with MCAF from 10 " to 10 '̂  M,
and the percent histamine release was determined. Results are
expressed as mean percentage of histamine release + SEM.
* /"<0.022; ** /'<0.014, as compared with histamine release in-
duced by 10 " M MCAF (Wilcoxon's rank sum test).

- hence the two designations - who named it, re-
spectively, monocyte chemotactic and activating fac-
tor or monocyte chemotactic protein-1 (41, 66). It is
produced by monocytes (and other cells) and attracts
monocytes and activates them. It is also chemotactic
for basophils (37) and, as HRF, activates them to
release histamine. Histamine release is G-protein
dependent (15) and is exceedingly rapid with a ?i/2
of approximately 30 s (33) (Fig. 2), and its potency
is equal to that of IgE plus antigen (35) (Table 2).
Since the late-phase allergic reaction is character-
ized by basophil infiltration (10, 23, 55) and pro-
tracted histamine release (26, 45, 47, 52), MCAF/
MCP-1 production must be considered to be one of
the contributing factors. Soon thereafter BischoflF
et al. (14) confirmed the activity of MCAF/MCP-l
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0 15 sec. 30 set. 45 sec. 1 min. 3 min. 5 min. 10 min. 15 min. 30 min. 45 min. 60 min.

Time

Fig. 2. Kinetics of histamine release by RANTES, MCAF/
MCP-1, and anti-IgE. Leukocytes from six subjects were incu-
bated with RANTES (lO^^M), MCAF MCP-1 (10"^ M), or
anti-IgE (1 |ig ml) forgiven time. Ice-cold HEPES-buffered sahne
containing 10 mM EDTA at pH 7.4 was then added, and super-
natant was separated immediately by centrifugation at 10 000 g for
15 s, and assayed for histamine content. Results are expressed as
mean + SEM.
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Table 2. Histamine release from human basophils induced by most active secretagogues,
expressed in U of histamine-reieasing activity^

Factor

Protein concentration
used to induce

histamine release
Units of histamine-

reieasing activity

Anti-lgE
C5a
MCAF
RANTES
IL-3
FMLP
MIP-la
MIP-1p
CTAP III
NAP-2

1 ng/ml
800 ng/ml
860 ng/ml
800 ng/ml
500 ng/ml
4.37 ng/ml
800 ng/ml
800 ng/ml

10 ng/ml
10 ng/ml

1094
1188
1041.9
522.5
356
219.6
190
137.5
51.8
19.2

' One U of histamine-reieasing activity is equal to 50% of total histamine release from
basophils caused by 1.0 mg of given protein, and was calculated according to the for-
mula:

U =
1.0 (mg)

protein amount used

to induce histamine release

% histamine release

50

upon basophils. MCP-2 and MCP-3 are closely
homologous to MCP-1, but can be separated from
it by ion-exchange chromatography (60). MCP-2 is
a trace protein possessing about half the HRF ac-
tivity of MCP-1 (unpublished observations), but its
contribution to the total activity of mononuclear cells
or platelet supernatants is not known. MCP-3 has
not been tested.

Another (3 chemokine with basophil chemotactic
activity and HRF activity is RANTES (36). This
chemokine was first described as a product of T cells
(50) which is chemotactic for monocytes and a sub-
population of "memory" lymphocytes (49). Because
RANTES is a (3 chemokine like MCAE/MCP-1, we
tested recombinant material for HRE activity and
found it to be half as potent as MCAE/MCP-1. It
had the same dose-response (10^'^-lO"^ M) range
with equally rapid histamine release (Eig. 2), but, on
average, the percent histamine release was half of
that seen with MCAE/MCP-1. Whereas virtually all
subjects tested were responsive to MCAE/MCP-1,
whether atopic or not, 80% of subjects responded to
RANTES, and atopic subjects' cells were more re-
sponsive (35). RANTES is more difficult to work
with than MCAE/MCP-1; it is more readily dena-
tured, an incubation temperature of 37°C is critical,
and binding to any red blood cell present may affect
its activity, as has been shown for IL-8 (21).

Macrophage inflammatory protein (MIP) la and
MIP ip are closely related molecules originally de-
scribed in rodents as macrophage inflammatory fac-
tors (22). Both are (3-type chemokines that are
chemotactic for activated human lymphocytes. MIP
IP recruits primarily CD4( + ) T cells, while MIP Ioc
recruits CD8( + ) T cells (56). MIP Ioc has been re-

ported to have HRE activity on basophils of atopic
subjects (14/20 responded at lO'^'-lO^^M) (56)
which is similar to the activity of RANTES. Our
own studies of both MIP la and MIP ip found only
6/20 responders, and the potency was 30-40% of
that of RANTES (35). MIP la is chemotactic for
basophils, and this activity is comparable to that of
MCAE/MCP-1 (2).

IL-8 (NAP-1) is an a chemokine reported to have
histamine-reieasing activity upon basophils; how-
ever, its contribution to the activity seen in mono-
nuclear cell/platelet supernatants is uncertain. No
significant histamine is seen unless basophils are first
primed (pretreated) with IL-3, IL-5, or granulocyte/
macrophage-colony stimulating factor (GM-CSE).
Then significant release of both histamine and leu-
kotriene C4 has been reported (11, 13, 20); however,
the priming efl"ect is more pronounced on leukotriene
secretion. We have found that only an occasional
subject has significant histamine release to IL-3 plus
IL-8, and our data are, in general, negative (35).
Eurthermore, IL-8 is contained in the peak I of frac-
tionated supernatants and accounts for less than 5%
of the activity present. Thus, we do not feel that IL-8
is a major contributor to HRE activity on basophils.
The most potent factors thus far reported are
MCAE/MCP-1 and RANTES, with lesser contri-
butions by MIP la and p and CTAP III/NAP-2 (35)
(Table 2).

Priming of basophils for HRF-induced
secretion
The responsiveness of basophils to HRE can be
modulated by preincubation with low concentrations
of cytokines which are unable themselves to induce
secretion. Thus, preincubation of basophils with
(10 ''-10"^ M) IL-3 or IL-5, or GM-CSE can aug-
ment the release of histamine by a subsequent ex-
posure to 10"^ M MCAE/MCP-1 or 10"^ M
RANTES. The overlapping activities (in this in-
stance, priming) by this group of cytokines may be
related to the fact that the receptors for these cyto-
kines share a subunit; that is, they consist of an
a-chain that is specific for each, and a common
p-chain (40). Higher concentrations of IL-3, and, to
a lesser degree, GM-CSE, can directly induce his-
tamine release from basophils (27, 35). In general,
the responsive subjects are atopic patients whose
cells are probably primed in vivo. Immunoabsorption
of IL-3 from cell supernatants depletes HRE activ-
ity by about 15-20%. This is probably due to the
priming effect of IL-3 rather than its ability directly
to induce secretion based on the relative concentra-
tions required. Therefore, IL-3 is unusual because
it is the only cytokine that is not a chemokine which
can cause basophil secretion and contribute sig-
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nificantly to HRF activity (Table 1). Immuno-
absorption of MCAF/MCP-l, RANTES, and IL-3
accounts for 75-80% reduction in the total HRF
activity of mononuclear cells/platelet-derived super-
natants.

Cytokine-dependent activation of mast
cells
In general, mast cells are less responsive to cytokines/
chemokines than are basophils. Mast cells derived
from different species or different sites/organs of the
same species may also respond differently. Bischoff
& Dahinden (12) surveyed a large variety of cyto-
kines, including many of the chemokines, using
human lung mast cells, and reported that stem-cell
factor (also known as c-kit ligand) was the only one
with significant histamine-releasing activity. MCAF/
MCP-1, in particular, was negative. Columbo et al.
(19) then showed that stem-cell factor also causes
histamine release from cutaneous mast cells, and
that it can prime both mast cells and basophils for
histamine release caused by other agonists. It does
not, however, cause histamine release from baso-
phils. Thus, the activity on mast cells may be of
particular importance. MIP la is active on rodent
mast cells; human mast cells have not been tested
(2).

Chemokine-dependent inhibition of
basophil histamine release
Soon after the concept of HRF evolved, mono-
nuclear cell supernatants were found to contain an
inhibitor of HRF-dependent histamine release, and
this inhibitor was designated histamine release in-
hibitory factor (HRIF) (3). IL-8 has been thought to
fulfill the function attributed to HRIF because pre-
incubation of basophils with concentrations ranging
from 10 " to 10^ M inhibits HRF-induced hista-
mine release (31), as well as histamine release by
recombinant MCAF (Fig. 3). Subsequently, prein-
cubation with low concentrations of RANTES has
been shown to inhibit HRF- or MCAF-induced his-
tamine release (1), suggesting that inhibition may be
a more general phenomenon. However, the mecha-
nism is unclear because there are few data available
on chemokine receptors.

It is of interest that preincubation of basophils
with concentrations of MCAF that are insufficient to
cause histamine secretion prevents secretion in re-
sponse to a subsequent challenge with 10"''M
MCAF. Washing the cells after the initial incubation
does not reverse the process, suggesting either re-
ceptor blockade by a high-affinity ligand that cannot
be removed by simple washing, or induction of some
active process that inhibits secretion. This phenom-

70 1
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Fig. 3. Dose-dependent inhibition of histamine release by IL-8.
Basophils were preincubated with or without 10 " -10"^ M IL-8.
Cells were then exposed to HRF^^^ij^ for 40 min. Results are
mean + SEM of two experiments in four subjects.

enon is referred to as homologous "desensitization"
as in ligand-receptor interactions that are coupled to
the G proteins described previously for chemotactic
factors. Preincubation with RANTES (10"'^M)
similarly desensitizes to a subsequent challenge with
10" ^M RANTES.

However, we have found that preincubation of
basophils with a wide variety of a or (3 chemokines
tested at 5x lO^'^M inhibits subsequent secretion
by optimal MCAF/MCP-l (10"' M). Washing the
cells after the initial incubation reverses the inhibi-
tion. Inhibition by RANTES was 69%; by MIP la,
49%; by MIP ip, 43 %; by PF4, 57%; by IL-8,41 %;
by CTAP III, 27%; and by IPIO, 15% (34). This
may reflect "receptor class desensitization'' in which
the agonists act on different receptors which couple
to the same or very similar G proteins. The kinase
that phosphorylates the occupied receptor to un-
couple it from the G protein acts also on other un-
occupied receptors to uncouple them also and di-
minish the response.

Chemokine receptors
The data accumulated thus far suggest that the a and
(3 chemokines interact with separate receptors al-
though there may be multiple receptor types within
each group. Neote et al. described a receptor on
HL60 cells which binds MIP la, MIP Ip, RANTES,
and MCAF (43). It has seven transmembrane do-
mains, is linked to a pertussis-sensitive G protein,
and has 32% homology with the IL-8 receptor, but
is not stimulated by IL-8. Wang et al. characterized
a high-affinity receptor for RANTES on the human
monocyte leukemia cell THP-1 which also reacts
with MCAF and MIP la (62). Yet preincubation
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with MCAE desensitizes the cells to RANTES,
while preincubation with RANTES does not desen-
sitize to the other factors. Such data suggest a shared
receptor as well as a specific RANTES receptor. On
the other hand, a human NK cell line (YT) reacts
with MIP la and (3 but not with MCAE (MCP-1)
(63).

Human monocytes appear to have a separate,
specific high-affinity MCAE/MCP-1 receptor (59,
63, 65), as well as a receptor reactive with P chemo-
kines in general, but not with a chemokines. On the
other hand, the IE-8 receptor has been cloned, and
other a chemokines compete with IE-8 for binding
(42). Of particular interest is the fact that MIP la,
MIP 2a, MCAE, IE-8, and PE4, a mixture of a and
(3 chemokines, inhibit proliferation of human mye-
loid progenitor cells. Synergistic effects are obtained
when low concentrations of any two of these are
combined in concentrations in which neither alone
was active (16). This resembles the common effects
of a and P chemokines we found in studies of inhi-
bition of basophil histamine secretion. The molecu-
lar nature of basophil chemokine receptors is un-
known.

Activation of eosinophils

Since eosinophils are major eifector cells of allergic
inflammation and may be derived from the same
precursor cell as the basophil, it is of interest to test
the various chemokines for eosinophil activity, eosi-
nophil activation and degranulation, or both. Re-
cently, Kameyoshi et al. (28) have shown that
RANTES is chemotactic for eosinophils, while Rot
et al. (48) showed that RANTES also degranulates
them. However, the concentration necessary and the
time course of activation were not specified, and
cytochalasin-B-treated cells were utilized in studies
of secretion. A later report by Alam et al. (5) con-
firmed that RANTES is chemotactic for purified
eosinophils between 10^^ and 10 ^'^M and showed
that it upregulated the expression of CDllb/CD18,
caused release of eosinophil cationic protein (ECP),
and rendered the cells "hypodense", suggesting an
activated phenotype. Eig. 4 shows a dose response
of the release of ECP upon incubation of purified
human eosinophils with recombinant RANTES.

Conclusion: chemokines, HRF, and aller-
gic diseases
One of the areas of particular relevance to these
findings is the potential contribution of chemokines
to the late-phase allergic response. There are some
data to suggest that HRE is functionally present in
cutaneous late-phase reactions (64) and that injec-
tion of chemokines in rodents (7) can elicit a re-

16.0

0.0
10 '" 10 " 10
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10
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Eig. 4. Dose-dependent ECP release by RANTES, Eosinophils
of six atopic donors were challenged with RANTES from 10 '"
to 10"^ M. and the percent ECP release was determined.

sponse that resembles the late phase. Eindings in
human diseases are only preliminary; however, iden-
tification ofthe specific proteins involved and devel-
opment of specific reagents for their quantitation
and detection in body fluids and within tissues will
allow such studies to be completed. In nasal wash-
ings of allergic subjects, HRE activity has been found
which decreases with topical steroid therapy (53, 54)
or immunotherapy (17). It is also found in broncho-
alveolar lavage fluids (6). Preseasonal immuno-
therapy also modulates HRE production in seasonal
asthmatic patients (30).

There are numerous data indicating that basophils
infiltrate tissues during the late phase and that there
is protracted histamine release in the absence of
tryptase secretion; this suggests basophil degranula-
tion. It is unclear whether persisting antigen is a
prerequisite for a late-phase reaction, but there is
certainly a ready mechanism by which such hista-
mine release can occur in the absence of antigen or
IgE antibody. Quantitatively, the most striking
change during the late phase is the infiltration and
activation of eosinophils. RANTES and MIP la
and p may be key factors in the recruitment and
activation of such cells. The increment in T4( + )
helper cells and monocytes is small, but such cells
are activated and may provide a ready source of
chemokines. The possibility that mast cells, baso-
phils, eosinophils, or all three produce chemokines
as well must also be examined because they secrete
various cytokines that were heretofore unsuspected.
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54. Ŝ M TC. HiLSMEiER RA. ALAM R . ALLEN RK. LETT-
BROWN MA. GRANT JA. Effect of topical corticosteroids on
the recovery of histamine releasing factors in nasal washings
of patients with allergic rhinitis. Am Rev Respir Dis 1992:
145: 1316-20.

55. SoLLEY GO. GLEICH GJ. JORDAN RE. SCHROETER AL.
The late phase of the immediate wheal and flare skin reaction.
Its dependence upon IgE antibodies. J Clin Invest 1976: 58:
408-20.

56. TAUB DD. CoNLON K. LLOYD AR. OPPENHEIM J J .
KELVIN DJ. Preferential migration of activated CD4 + and
CD8 + T cells in response to MIP lot and MIP Ip. Science
1993: 260: 355-8.

57. THUESON DO. SPECK LS. LETT-BROWN MA. GRANT JA.
Histamine-reieasing activity (HRA). I. Production by mito-
gen or antigen stimulated human mononticlear cells. J Im-
munol 1979̂ : 122: 623-32.

58. THUESON DO. SPECK LS. LETT-BROWN MA. G R A N T JA.
Histamine-reieasing activity (HRA). II. Interaction with ba-
sophils and physicochemical characterization. J Immunol
1979: 123: 633-9.

59. VALENTE A, ROZEK M . SCHWARTZ C . GRAVES D . Char-
acterization of MCP-1 binding to human monocytes. Bio-
chem Biophys Res Commtm 1991: 176: 309-14.

60. VAN DAMME J. PROOST P. LENAERTS J - P . OPDENAKKER
G. Structure and functional identification of two human,
tumor-derived monocyte chemotactic proteins (MCP-2 and
MCP-3) belonging to the chemokine family. J Exp Med 1992:
176: 59-65.

61. WALZ A, BAGGIOLINI M . Generation of the neutrophil ac-
tivating peptide NAP-2 from basic platelet protein or con-
nective tissue-activating peptide III through monocyte pro-
tease. J Exp Med 1990: 171: 449-54.

62. W A N G JM. MCVICAN DW. OPPENHEIM JJ. KELVIN DJ.
Identification of RANTES receptors on human monocyte
cells: competition for binding and desensitization by homolo-
gous chemotactic chemokines. J Exp Med 1993: 177: 699-
705.

63. WANG JM, SHERRY B. EIVASH MJ. KELVIN DJ, OPPEN-
HEIM JJ. Human recombinant macrophage inflammatory
protein-la and (3 and monocyte chemotactic and activating
factor utilize common and unique receptors on human mono-
cytes. J Immunol 1993: 150: 3022-9.

64. WARNER JA. PIENKOWSKI MM, PLAUT M . NORMAN PS.
LICHTENSTEIN LM. Identification of histamine releasing fac-
tor(s) in the late phase of cutaneous IgE-mediated reactions.
J Immunol 1986: 136: 2583-7.

65. YOSHIMURA T . LEONARD E. Identification of high affinity
receptors for human MCP-1 on human monocytes. J Immu-
nol 1990: 145: 292-7.

66. YOSHIMURA T . MATSUSHIMA Y . TANAKA S. et al. Purifi-
cation of a human monocyte-derived neutrophil chemotactic
factor that has peptide sequence similarity to other host
defense cytokines. Proc Natl Acad Sci U S A 1987: 84:
9233-7.

501




