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Histamine-Releasing Activity (HRA)

lll. HRA Induces Human Basophil Histamine Release by Provoking
Noncytotoxic Granule Exocytosis
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Histamine-releasing activity (HRA) is an ~10.000-15.000 dalton, protease-sensitive
factor that induces the rapid liberation of histamine from human basophils. Production
of HRA by human peripheral blood mononuclear cells in vitro is augmented by conca-
navalin A or antigen, Suggcsling a mechanism whereby lymphocytes may regulate ba-
sophil mediator release in vivo. In order to determine whether HRA provokes conven-
tional exocytosis of basophil granules or, alternatively, results in mediator release by
some other mechanism such as vesicular transport or cyloloxicily, we investigaled the
ultrastructural features of human blood basophils purified over Percoll and exposed to
HRA in vitro. HRA preparations induced a poncytotoxic pattern of basophil degrunu-
lation very similar to that previously observed in basophils triggered to release histamine
in response to specific antigen. C5a. or mannitol. Thus, cytoplasmic granules were
extruded singly hrough multiple separate points of fusion between perigranular mem-
branes and the plasma membrane. Degranulating basophils exhibited plasma membrane
activation but lacked a polarized configuration. By contrast, those basophils exposed
to HRA that did not exhibit evidence of degranulation displayed a single elonguted
cellular process. The development of this polarized cellular configuration, similar in
some respects to that of uropod-bearing motile guinea pig basophils. may have reflected
chemokinetic or chemotactic effects of preparations containing HRA activity.

INTRODUCTION

Basophils have been identified in the inflammatory infiltrates accompanying a
wide variety of delayed onsct hypersensitivity reactions (1-6). During many of
these processes, basophil cytoplasmic granules undergo a progressive and striking
loss of dense content (7-9), changes likely to be accompanied by the liberation
of histamine and other basophil-derived mediators. While the regulation of ba-
sophil mediator release in delayed reactions is probably complex (1-6). indirect
evidence suggests that products of mononuclear cells are involved (1. 3-10).
First, inflammatory processes containing partially degranulated basophils gen-
crally also include many mononuclear cells (1, 3—10). Second, mononuclear cells
activated by specific antigen or other agents are known to elaborate several mac-
romolecular factors with diverse biological effects, including basophil chemotaxis

(11-13).
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We recently described a mononuclear cell product, histamine-releasing activity
(HRA), that satisfies many of the requirements for a lymphokine capable of pro-
voking basophil mediator release during delayed onset immunological reactions.
HRA is an ~10,000—15,000 dalton, protease-sensitive activity elaborated by
human peripheral blood mononuclear leukocytes that induces the rapid release
of histamine from autologous or heterologous human basophils (14-16). The pro-
duction of this factor by mononuclear cells in virro 1s augmented by concanavalin
A or by exposure to antigens that provoke cutancous delayed hypersensitivity
responses in the leukocyte donor (14). HRA cuan be distinguished by several
criteria, including apparent molecular weight, from a varicty of other mononu-
clear cell derived factors that provoke or augment basophil histamine release (15,
16), and antibodies that block histamine release induced by C5a or C3a have no
effect on histamine release induced by HRA (15). We have shown that HRA and
the previously described lymphokine, basophil chemotactic factor (BCF), have
the same apparent molecular weight (13, 15) and that the two activities cannot
be separated by ion-exchange chromatography (16). In addition, lymphokine ac-
tivity purified by sequential Sephadex and CM-Sepharose C1-6B ion exchange
chromatography showed one protein peak when analyzed by reverse phase high-
performance liquid chromatography (Lett-Brown er al., manuscript submitted).
Although their precise chemical structures have not been defined, our results
suggest that HRA and BCF activities may reside on very similar or even identical
molecular species.

In contrast to our progress in understanding the physicochemical characteris-
tics of HRA, and the factors controlling its production by mononuclear cells in
vitro, the mechanism by which HRA induces basophil histamine release has been
difficult to define. Previous ultrastructural analysis has demonstrated that baso-
phil histamine release induced by specific antigen (17), the complement fragment
C3a (18), or mannitol (19) reflects the ability of these agents to stimulate exo-
cytosis (20): the direct fusion of membranes surrounding individual cytoplasmic
granules with the plasma membrane. However, basophils may also be able to
release mediators by a different mechanism, involving the transport of small
quanta of granule-associated material from the granules to the plasma membrane
within cytoplasmic vesicles (1, 3-10, 21). Because such apparent vesicular trans-
port, or “*piecemeal degranulation,” has been observed in basophils participating
in immunological reactions of delayed-onset, we have suggested that this patiern
of mediator release may be regulated by lymphokines (1, 3-10, 21). Although
HRA represents a prime candidate for such a lymphokine, our previous work
was performed with populations containing only ~1% basophils and did not eval-
uate the nature of HRA-induced mediator release at the ultrastructural level.
Indeed, because basophils represented such a minor fraction of these populations,
even our lentative conclusion that HRA-induced histamine release reflected a
noncytotoxic effect was based on indirect evidence (15). The recent development
of a Percoll method for rapidly isolating viable peripheral blood leukocytes highly
enriched for basophils (22) has now permitted direct ultrastructural analysis of
the effects of HRA on human basophils. In the experiments reported here, we
show that preparations containing HRA can induce basophil histamine release by
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provoking conventional exocytosis of cytoplasmic granules. in the absence of
basophil cytotoxicity.

MATERIALS AND METHODS

Preparation of leukoevtes. Forty-five to 100 ml of peripheral venous blood from
cither of two normal volunteers was anticoagulated with 10 mM EDTA. A cell
population enriched for basophils (12-39%) was then obtained by centrifugation
on a Percoll layer as previously described (22). Briefly, 10 ml volumes of anti-
coagulated blood were carcfully layered on 10 ml Percoll (density = 1.076) in 50
ml plastic tubes with conical bottoms. The tubes were centrifuged at 600g for [0
min at room temperature. Following removal of the plasma layer and mononu-
clear cell layer at the interface, the Percoll layer was removed separately. The
Percoll layer was diluted with saline (137 mM NaCl, 5 mM KCI) buffered at pH
7.4 with 10 mM HEPES (N-2-hydroxyethylpiperazine-N'-2-cthanesulfonic acid)
(Sigma, St. Louis, Mo.) containing 0.3 mg/ml human serum albumin (fraction V.,
Sigma). The diluted Percoll layer was centrifuged and the cell pellet washed in
HEPES buffered saline. Cells were resuspended (10 x 10%ml) in HEPES-buff-
eredsaline containing albumin, calcium (2 mAf), and magnesium (1 mM).

Preparation of HRA. HRA was prepared in previously described (14—16) using
human peripheral blood mononuclear cells stimulated with streptokinase-strep-
todornase (SKSD, Varidase, Lederle, Pearl River, N.Y.). These leukocyte prep-
arations contain few, if any, ncutrophils (usually <1%). Partial purification of
HRA from supernatants was accomplished by Sephadex G-75 chromatography
followed by CM-Sepharose C1-6B chromatography as previously described (16).
The active fractions contained both HRA and the previously reported lym-
phokine, basophil chemotactic factor (BCF, 13). Data derived from molecular
sieve and ion exchange chromatography suggest that HRA and BCF activities
reside on similar or identical molecular species (Lett-Brown et al., manuscript
submitted), and the term HRA will be used to designate preparations containing
both activities.

Release of basophil histamine. Aliquots (0.1 ml) of the basophil-enriched leu-
kocyte suspension at 37°C were added to test tubes (Falcon No 2052) containing
an equal amount of 6% perchloric acid (to obtain the total histamine content),
buffer (to measure spontaneous histamine release), or HRA. The reactions were
stopped at 3 min (Donor A) or 10 min (Donor B) by the addition of 1.8 ml buffer
containing 10 mM EDTA at 4°C and were centrifuged (800g, 10 min) immediately
at 4°C. The supernatants were assayed for histamine by the automated fluoro-
metric technique (23).

Electron microscopy. In parallel experiments, reactions were carried out as
above and stopped by the addition of dilute Karnovsky's fixative directly to the
cell suspension (24). The cells were fixed for 1 hr at room temperature and washed
in cold 0.1 M sodium cacodylate bufter, pH 7.4. Cells were then resuspended in
I ml of Hanks’ solution containing 0.5 mg of cationized ferritin (Miles Labora-
torics, Inc., ref. 25), an clectron dense tracer that binds to negatively charged
membranes exposed to the exterior, and placed on a rotary shaker at low speed
for 30 min at room temperature. Cells were then washed again in 0.1 M sodium
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cacodylate buffer, transferred to microtubes and centrifuged at 1500¢ for 1 min.
The cell pellet was rapidly mixed with warm 2% agar and centrifuged again. The
agar pellet was then postfixed for 2 hr at 4°C in 2% aqucous osmium tetroxide
and 1.5%% potassium ferrocyanide in 0.1 M sodium phosphate buffer pH 6.0 (17,
18, 26) at room temperature for 2 hr prior to dehydration in a graded scrics of
alcohols, infiltration, and embedding in a propylene oxide—-Epon sequence. Sec-
tions were cut with a diamond knife, placed on copper grids, and stained with
lead citrate. All basophils encountered in one randomly selected block from cach
sample (total basophils = 76) were photographed using a Philips 400T electron
microscope and 8 x 10 in. prints were prepared. All basophils were analyzed for
viability, cell shape, evidence of degranulation, and number of cytoplasmic gran-
ules.

RESULTS

Control Basophils. Basophils purified over Percoll appeared well preserved and
viable. Nearly all such cells were round in configuration, with irrcgular, short
surface processes, and contained a full complement of cytoplasmic granules uni-
formly filled with dense particulate material (Fig. 1A). Basophils incubated in
buffer for 3 or 10 min maintained their round shape and intact cytoplasmic gran-
ules and released little histamine (3 and 2%, respectively).

Basophils exposed to HRA. HRA preparations induced the rapid, noncytotoxic
exocytosis of basophil granules (Table I, Figs. 1B, 2, 3A), a reaction that was
observed in 14 of the 29 basophils studied in experiment A and 2 of the 12
examined in experiment B (total in the two experiments: 16/41 = 39%). In each

FiG. 1. (A) Control basophil from donor A incubated in buffer for 3 min at 37°C. The cell has a
round shape and numerous intact particle-filled cytoplasmic granules. The extracellular tracer ca-
tionized ferritin is confined to the cell surface, which exhibits irregular short processes. (B) HRA-
stimulated buasophil from the same donor. After 3 min at 37°C, the cell exhibits evidence of degran-
ulation, Granule extrusion is indicated by solid arrows. Note that the electron dense tracer, cationized
ferritin, iy autached 19 the opening of two granule-contuining saes, Although surfige progesses ore
murkedly elonguted and irregulur in areus of granule release, the averall cell configurntion nppenrs
round. N, Nucleus; open arrows, glycogen. (A) 14,000 x; (B) 15,000x .
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FiG. 2. Higher magnification micrographs of three separate basophils exposed to HRA for 3 min
at 37°C (A, B are of separate regions of the same cell) showing granules whose particulate content is
in continuity with the exterior. Granule content at the surface of narrow (A,B) or wider openings in
the plasma membrane (C-D) is coated with the tracer cationized ferritin (arrows), which also stains
the cell membrane. Open arrows, glycogen: N, nucleus. (A and B) 43,000 ; (C and D) 41,000 x .

experiment, exposure of basophils to HRA preparations resulted in a ~30% re-
lease of cell-associated histamine (Table 1). Basophils undergoing degranulation
displayed prominent irregular surface processes, many of which partially enclosed
membrane-free, extruded granules. As in basophil degranulation induced by an-
tigen, most of the cytoplasmic granules were extruded to the cexterior singly
through multiple separate openings in the plasma membrane. Some of these arcas
of fusion between perigranular and plasma membranes were quite narrow at the
time of cell fixation, but were readily demonstrated because they permitted entry
of the electron dense tracer cationized ferritin (Fig. 2). Basophils undergoing
anaphylactic degranulation formed aggregates with cach other, other leukocytes
in the preparation, and platelets, findings similar to those reported by Pruzansky
et al. 27).
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Some basophils exposed to HRA did not degranulate. These basophils con-
tained approximately the same number of granules per cell as control basophils
incubated in buffer (Table 1) but differed from control cells by displaying a single,
thin, elongated surface process (Fig. 3B). Nondegranulated basophils in prepara-
tions exposed to HRA, like control basophils, did not form aggregates with other
cells or platelets.

FiG. 3. Basophils from Donor A were incubated with HRA for 3 min at 37°C. All of the basophils
in this preparation either exhibited degranulation (A) or displayed elongate surface processes (B). No
basophils exhibiting both features were seen. The basophil undergoing degranulation (A) has nu-
merous irregular surface processes. Many cyloplasmic granules are being extruded through multiple
separate plasma membrane opﬂ:nings (arrows). The basophil in B displays one very elongated surface
process (arrow), bul no evidence of degranulation, N, Nucleus, (A) 20,500 x5 (b) 21,500 %,
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' DISCUSSION

HRA arguably represents the best candidate for a lymphokine capable of pro-
voking basophil mediator release during delayed onset immunologic reactions in
vivo. We have demonstrated here that preparations containing HRA activity can
induce a pattern of noncytotoxic basophil degranulation similar by ultrastructure
1o that observed in response to specific antigen (17), C35a (18), or mannitol (19).
Basophils exposed to any of these agents in vitro undergo conventional exocy-
tosis: the,direct fusion of membranes surrounding individual cytoplasmic granules
* with the plasma membrane. Whether HRA can also induce nonexocytotic, vesic-
ular transport of granule contents, for example, if used at lower concentration or
in concert with other agents, remains an open question. The precise mechanism
by which HRA preparations provoke basophil degranulation and mediator release
also remain to be defined. For example, until basophil preparations of 100% purity
are availuble, we cannot prove that HRA causes degranulation by a direct effect
on basophilic leukocytes.

HRA preparations also contain BCF, and these activities may reside on very
similar or identical molecules. Although this study was not designed to evaluate
chemokinetic or chemotactic effects of HRA, we noticed that those individual
basophils in populations exposed to HRA that did not exhibit degranulation de-
veloped an elongate cellular process reminiscent of the uropod-like structure we
described previously in motile guinea pig basophils (28). We have reported that
individual guinea pig basophils rarely if ever exhibit ultrastructural evidence both
of granule exocytosis and motility (28, 29). Human basophils exposed to HRA
also exhibit either degranulation or polarization, but not both, suggesting 1hat
these cells may not be able simultaneously to crawl and to degranulate. Phase
microscopic observations of living human basophils are also consistent with this
possibility (30).

In addition to defining the effects of HRA on basophil morphology, this study
illustrates the excellent preservation of basophil ultrastructure achieved with the
Percoll method of basophil purification. According to our previous classification
of basophil morphology in *‘control’” preparations of cells isolated over Ficoll-
Hypaque (17), the unstimulated cells examined in this report would be charac-
terized as type I, i.e., cells whose granules are filled uniformly with electron
dense material. Similar results have been obtained recently with basophils iso-
lated by a method based on the affinity of the cells to columns containing specific
antigen (31, 32). By contrast, basophils isolated by a Ficoll-Hypaque method
contained many cells whose granules appeared partially depleted of granule con-
tent (17). While these changes may have reflected the condition of the basophils
in vivo (33), the possibility that they in part reflected effects of the Ficoll-Hy-
paque isclation method cannot be excluded.
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