
Purification and further characterization of human mononuclear
cell histamine-releasing factor.

M L Baeza, … , M Haak-Frendscho, A P Kaplan

J Clin Invest. 1989;83(4):1204-1210. https://doi.org/10.1172/JCI114002.

We have purified and further characterized a histamine releasing factor (HRF) derived from human mononuclear cells
using gel-filtration HPLC, reverse-phase HPLC, anion exchange chromatography, and elution from SDS gels after
electrophoresis. Considerable heterogeneity is seen, far exceeding that published in prior reports. Gel filtration HPLC
yielded a major peak at molecular weight 30,000 and minor peaks at 50,000 and 12,000. Reverse-phase HPLC gave one
major fraction in the void volume and an eluted peak at 50-60% acetonitrile. Accell QMA anion exchange HPLC revealed
three peaks of activity; one in the void volume similar to that published previously using QAE-Sephadex, and peaks that
eluted at 0.5 and 0.8 M ammonium acetate, respectively. Electroelution following SDS-PAGE yielded peaks at MW
12,000 and 15-17,000 plus variable peaks at 25-27,000, 31-34,000, and 80-90,000 D. Using a combination of the
aforementioned procedures, we have purified molecular species of HRF at 41,000 and 17,000 D to apparent
homogeneity, as judged by SDS PAGE and autoradiography. Since human interleukin 3 and granulocyte-macrophage
colony-stimulating factor possess histamine-releasing capability, it is clear that multiple cytokines can share this activity.
However, the major HRF we isolate from human mononuclear cells appears, thus far, to be unique.

Research Article

Find the latest version:

https://jci.me/114002/pdf

http://www.jci.org
http://www.jci.org/83/4?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
https://doi.org/10.1172/JCI114002
http://www.jci.org/tags/51?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
https://jci.me/114002/pdf
https://jci.me/114002/pdf?utm_content=qrcode


Purification and Further Characterization of HumanMononuclear
Cell Histamine-releasing Factor
Maria L. Baeza, Sesha Reddigari, Mary Haak-Frendscho, and Allen P. Kaplan
Division of Allergy, Rheumatology, and Clinical Immunology, Department of Medicine, State University of New York-Stony Brook,
Health Sciences Center, Stony Brook, New York 11794

Abstract

Wehave purified and further characterized a histamine re-
leasing factor (HRF) derived from human mononuclear cells
using gel-filtration HPLC, reverse-phase HPLC, anion ex-
change chromatography, and elution from SDSgels after elec-
trophoresis. Considerable heterogeneity is seen, far exceeding
that published in prior reports. Gel filtration HPLCyielded a
major peak at molecular weight 30,000 and minor peaks at
50,000 and 12,900. Reverse-phase HPLCgave one major
fraction in the void volume and an eluted peak at 50-60%
acetonitrile. Accell QMAanion exchange HPLCrevealed
three peaks of activity; one in the void volume similar to that
published previously using QAE-Sephadex, and peaks that
eluted at 0.5 and 0.8 Mammonium acetate, respectively. Elec-
troelution following SDS-PAGEyielded peaks at MW12,000
and 15-17,000 plus variable peaks at 25-27,000, 31-34,000,
and 80-90,000 D. Using a combination of the aforementioned
procedures, we have purified molecular species of HRF at
41,000 and 17,000 D to apparent homogeneity, as judged by
SDSPAGEand autoradiography. Since human interleukin 3
and granulocyte-macrophage colony-stimulating factor possess
histamine-releasing capability, it is clear that multiple cyto-
kines can share this activity. However, the major HRF we
isolate from human mononuclear cells appears, thus far, to be
unique.

Introduction

Humanbasophils and mast cells can be stimulated to secrete
histamine and other vasoactive substances upon interaction of
antigen with surface bound IgE antibody (1) and upon stimu-
lation with anaphylatoxins C3a, C4a, or C5a (2). However, in
recent years it has become evident that basophils and mast
cells can also be stimulated to release histamine by one or
more factors derived from human mononuclear cells (3-5),
platelets (6) neutrophils (7), lung macrophages (8, 9), and nasal
washings (10). Basophils and mast cells may thereby partici-
pate in inflammatory reactions that have been initiated by
other mechanisms.
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We have previously reported the existence of one such
histamine-releasing factor (HRF)' with a major form at 30,000
mol wt and two charged species isoelectric at pI 6.9 and 7.3 (3).
It is distinct from interleukin 1, interleukin 2, and y interferon
as well as interleukins 4 and 5 (1 1), whereas human recombi-
nant interleukin 3 (hr-IL3) and granulocyte-macrophage col-
ony-stimulating factor (GM-CSF) were shown to possess his-
tamine-releasing capability (11). Nevertheless, the major
mononuclear cell-derived factor (MNC-HRF), as purified
from cell supernatants, does not appear to correspond to these
cytokines.

In this manuscript we demonstrate that human HRF is
more heterogeneous than previously appreciated; multiple
molecular forms were evident by gel filtration, ion exchange
chromatography (on HPLC), and electroelution from SDSgels
with molecular weights that range from 12,000 to 90,000. By
combining these methods we report the first procedure for the
isolation and characterization of two of the major forms of
human MNC-HRFof 4 1,000 and 17,000 mol wt, respectively.

Methods

Chloroform, 50-ml polypropylene tubes, ammonium acetate (HPLC
grade), ammonium hydroxide, sodium hydroxide, glycerol, dialysis
tubing, ethanol, cyanogen bromide and propanol (Fisher Scientific,
Springfield, NJ); Ficoll-Hypaque, Sephadex G-25 (Pharmacia, Upp-
sala, Sweden); streptokinase/streptodornase (SK/SD; Lederle Labora-
tories, Pearl River, NY); RPMI 1640 with L-glutamine and Dulbecco's
phosphate-buffered saline (Gibco Laboratories, Grand Island, NY);
polyethylene-glycol, EDTA, sodium phosphate monobasic, sodium
chloride, human IgG, potassium thiocyanate, piperazine-NN'-bis(2-
ethane sulfonic acid) (PIPES), deuterium oxide, human serum albu-
min, histamine hydrochloride, Tris-base, Hepes (Sigma Chemical Co.,
St. Louis, MO); YMI0O and YM5 membranes (Amicon Corp.,
Danvers, MA); goat anti-human IgE (Kirkegaard & Perry Lab, Inc.,
Gaithersburg, MD); [3H]histamine, ['4C]S-adenosyl methionine, 1251
(New England Nuclear Corp., Boston, MA); scintillation fluid, acryl-
amide and bisacrylamide (ICN, Radiochemicals, Irvine, CA); 60 cm
X 7.5 mmTSK G3000 SWgel filtration HPLC column (Variant
Corp., Sugar Land, TX), Accell quarternary methylamine (QMA)
media, uBondapac reverse-phase C-18 column, trifluoroacetic acid,
acetonitrile (Waters Associates, Milford, MA); iodo-beads, phenyli-
sothio cyanate (PITC) reagent (Pierce Chemical Co., Rockford, IL);
and triethylamine (Aldrich Chemical Co., Milwaukee, WI); were pur-
chased as indicated. All reagents were of greater than 99% purity.

Cell source. Donors of leukopheresis packs were obtained from two
sources: either normal volunteers, after informed consent, or patients
undergoing cytopheresis according to an experimental protocol for the
treatment of multiple sclerosis. The molecular characterization of the

1. Abbreviations used in this paper: HBS-HSA, Hepes-buffered saline-
human serum albumin; MNC-HRF, mononuclear cell-derived hista-
mine-releasing factor; PITC, phenylisothiocyanate; PTH, phenylthio-
hydantoin; QMA, quarternary methylamine; SK/SD, streptokinase/
streptodornase.
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HRFdescribed herein did not differ according to source, and the yields
of activity appeared comparable.

Preparations of mononuclear cell supernatants. Leukopheresis
packs of - 200 ml were diluted to 360 ml in Dulbecco's PBS. 30 ml of
cellular suspension were layered over 15 ml of Ficoll-Hypaque in Fal-
con 50-ml polypropylene tubes. The suspension was centrifuged for 15
min at 1,000 g. The interface was aspirated, pooled, washed with PBS,
and centrifuged at 400 g for 12 min. After a second wash, the mixture
was centrifuged at 150 g for 7 min to deplete platelets. The remaining
MNCpellet was resuspended at a concentration of 25-45 X 106 cells/
ml in RPMI 1640 tissue culture medium. Cell viability was > 98% by
trypan blue exclusion. SK/SD was added to the cell cultures at 13
U/106 cells. The cells were then cultured for 16-19 h at 370C with 5%
CO2 in Falcon 50 ml conical polypropylene tubes. At the end of the
culture period the conditioned media were pooled, centrifuged at 400 g
for 15 min, and clarified at 38,000 g for 20 min. The supernatant was
filtered through Amicon YM100 membranes and concentrated 50-
fold using Amicon YM5 membranes. PMSFwas added to a final
concentration of 0.1 mMbefore freezing and the material was stored at
-20'C. In separate experiments we demonstrated that this concentra-
tion of PMSFhad no effect upon the release of histamine by HRF.

Basophil histamine release. The procedures for basophil isolation
and histamine release have been described in detail (3). Briefly, the
cells were prepared by dextran sedimentation (0.6% dextran, 0.6%
glucose, 0.02% EDTA), the basophil containing layer washed twice
with Hepes buffered saline-human serum albumin (HBS-HSA), and
the cells resuspended in HBS-HSA containing 2 mMCaCl2, 2 mM
MgCl2, and 50% D20. 20-50 Ml of each sample or PBS control were
incubated with 3 X 106 cells in a total volume of 300 Ml for 40 min at
370C and centrifuged at 1,000 g for 5 min. The total basophil hista-
mine content was determined by boiling one of the aliquots. The
presence of D20 had no effect on the baseline histamine release and
augmented the histamine release 2-2.5-fold. Therefore it was routinely
used to facilitate the assay and conserve material.

Histamine assay. The radioenzyme assay for histamine was per-
formed using a modification of the method of Beaven et al. (12) as
described (3). Standard curves for each assay were constructed by
linear regression using a computer program written by Dr. M. Silver-
berg (SUNY, Stony Brook, NY) using an Apple Ile computer.

25I Radiolabeling. 20 Ml of sample were radiolabeled with 1251 using
iodo-beads as described by Markwell (13). One iodo-bead (Pierce
Chemical Co.) was placed into each reaction vial with 0.1 mCi of 1251
and incubated for 5 min at room temperature. 20 Ml of the protein
sample and 30 Ml of PBS were added to the reaction vial and further
incubated for 15 min at room temperature. The iodo-bead was re-
moved and the samples were passed through a Sephadex G-25 mini-
column (see below) to separate the iodinated protein from unreacted
iodine.

Autoradiography. Iodinated protein (1.4 X I05 cpm) was subjected
to SDS-PAGEon 12% gels. The gel was fixed, dried, and developed by
exposure to X-omat-AR/film for 7 h.

Protein analysis. Protein was determined by the Bradford method
(14). 5-30 Ml of the sample protein was placed into microtiter plates
and the volume adjusted to 30 Ml with PBS. 200 Ml of Bradford reagent
was added and the absorbance at 570 nmwas measured after 10 min.
30 Ml of PBS or serial concentrations of human IgG were used for the
reagent blank and standard curve, respectively. For calculation of pro-
tein recovery (Table I) from column chromatograms we sum the pro-
tein content of each tube and divide by the protein applied. For recov-
ery from gels, we take an aliquot from each eluate (5 Ml of 200), add
them together to one tube, lyophilize, resuspend into a fixed volume of
PBS, and determine protein content. Absolute protein X40/protein
applied to the gel = protein recovery.

Recovery of activity is calculated as follows: the activity of an
aliquot is determined, and (as above) converted to activity/Ml and
multiplied by the volume (Al) of the peak minus the activities of peaks
are summed and this is divided by the activity applied to obtain a
percent.

Table I. Protein and Activity Recovery
from Purification Procedures

%Protein %Activity
Procedure recovery* recovery*

GF-HPLC 90-100 90-100
RF-HPLC 80-90 40
Accell-QMA Anion exchange HPLC 90-100 90-100
SDS-PAGEelectroelution 40-50 40
Sephadex G25 spun column 90-100 90-100

* See Methods for calculation of recoveries.

Gel filtration by HPLC. Concentrated crude supernatants of
SK/SD-stimulated MNCwere applied to a 0.75 X 60 cm TSKG3000
SWgel filtration HPLCcolumn equilibrated with PBS pH 7.4 con-
taining 0.3% PEG8000. The column was run at 0.5 ml/min and 1 ml
fractions were collected; 50 ul of each fraction was assayed for hista-
mine release.

Accell-QMA anion exchange chromatography. A 3.9 mmX 15 cm
stainless steel Waters column was packed with 2 g of Accell-QMA
media, which gave a bed volume of 1.8 ml. The column was equili-
brated with 0.02 Mammonium acetate (pH 8) at a flow rate of 0.5
ml/min. 1.5 ml of highly concentrated crude supernatant of SK/SD
stimulated MNCor material obtained from gel filtration was dialyzed
overnight against the starting buffer and applied to the column. After a
15-min wash, a gradient was applied from 0.02 to 0.5 Mammonium
acetate for 20 min. The column was washed with the 0.5 Msalt buffer
for 15 min and a second gradient was applied from 0.5 to 1.0 M
ammonium acetate for 15 min. After washing with 1.0 M buffer a
gradient was again applied from 1.0 to 3.0 Mbuffer to strip the col-
umn. 1.5 ml fractions were collected, lyophilized and resuspended in
300 Ml of PBS. 50 Ml of each fraction were passed through a Sephadex
G-25 minicolumn equilibrated with PBS to remove any trace of am-
monium acetate.

Desalting G25 minicolumns. To avoid any low molecular weight
contaminant that could interfere with the basophil release assay, all the
samples were desalted on Sephadex G-25 minicolumns by a modifica-
tion of the procedure of Maniatis et al. (15). A single perforation was
made at the bottom of 500-Ml microfuge tubes with a 20G hypodermic
needle and the bottom plugged with a small amount of glass wool. The
columns were packed with Sephadex G-25 (500 Ml) in PBS (pH 7.4)
and equilibrated with 50 Ml of the same buffer by centrifugation three
times at 1,500 g for 4 min. The samples (50 Ml) were then applied and
centrifuged at 1,500 g for 4 min.
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Figure 1. Gel filtration HPLCof human MNC-derived supernatant.
The solid line is protein determined by optical density at 280 nm.
The percent histamine release is shown by the vertical bars; a peak at
molecular weight 30,000 is seen.
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Figure 2. Reverse-phase HPLCof MNC-derived supernatant devel-
oped with an acetonitrile gradient. The optical density at 214 nm is
given by the solid line and histamine release is shown by the vertical
striped bars. Activity is seen in the void volume and at the end of the
gradient.

Reverse-phase-HPLC. Reverse-phase HPLCwas used to character-
ize and/or further purify HRF. The sample was clarified by centrifuga-
tion at 10,000 gand 200 Ml of crude concentrate were loaded onto a 3.9
X 30 cm MBondapac C column. After a 5-min wash with 0.1 %trifluo-
roacetic acid in water, a gradient was applied with acetonitrile as limit-
buffer for 30 min such that a concentration of 60% acetonitrile was
reached. The column was then stripped with acetonitrile for 10 more
min. The flow rate was 1 ml/min and 2-ml fractions were collected.
The fractions were Iyophilized, resuspended in 100 M1 of PBS, and 20 M1
of each fraction was assayed for basophil histamine release.

Electroelution after SDS-polyacrylamide gel electrophoresis. Crude
supernatant or protein peaks obtained after anion exchange chroma-
tography were analyzed and/or fractionated in 1.5- or 3-mm slab
SDS-PAGE(12% acrylamide) by the procedure of Laemmli (16). At
the end of the run, the gel lanes containing the samples were sliced and
each slice placed into a dialysis bag (3,500 mol wt cutoff) with 3 ml of
25 mMphosphate buffer, pH 9. Each dialysis bag (usually 33) was
placed in an electroblotting tank (Bio-Rad Laboratories, Richmond,
CA) containing the same buffer. 15-17 Vwere applied for 18 h at room
temperature. The buffer was changed three times during the electro-
elution to remove all traces of SDS. Orientation of the bags was care-

1.0

('
[ A/\17F1

fully maintained. The samples were then dialyzed against 12 liters of
0.05 Mammonium acetate pH 7.4 for 4 h with one buffer change. The
samples were filtered, Iyophilized, resuspended in 200-250 ,u1 of PBS,
and a portion passed over a Sephadex G-25 minicolumn before assay.

Results
To further characterize human MNC-HRFwe first fraction-
ated a pooled, concentrated SK/SD stimulated MNCsuperna-

tant by three different fractionation procedures; namely, gel
filtration HPLC, reverse-phase HPLC, and Accell-QMA anion
exchange chromatography on HPLC. When crude concen-
trated HRFwas applied to gel filtration HPLC(Fig. 1), a single
major peak of activity was found at an apparent molecular
weight of 30,000 as had been reported previously (3). In some

chromatograms, a small additional peak of activity was seen at
either 12,000 or at - 50,000 mol wt. These latter peaks are

variable and only the 30,000 peak is consistently obtained.
The recovery of both total protein as well as activity were

between 90 and 100%.
Wethen characterized the same crude material by reverse-

phase HPLC using an increasing gradient of acetonitrile as

described in Methods. The chromatogram obtained is shown
in Fig. 2. About half the activity did not adhere to the column
and was obtained in the effluent. A second peak of activity was

eluted late in the gradient at a concentration of 50-60% ace-
tonitrite. The protein recovery was 80% (Table I), however the
activity recovered was considerably lower at 40%. Wethere-
fore sought other methods that might separate the various
forms of HRFwith greater yield.

Fractionation on a Accell-QMA anion exchange HPLC
column of crude supernatant was attempted next using a gra-
dient of ammonium acetate interrupted with washes at 0.5,
1.0, and 3.0 Mconcentration. Some HRFwas routinely ob-
tained in the effluent, a second peak of activity was obtained at
0.5 MNaCl, and a third peak just preceding the 1.0 molar
wash. The last two peaks were clearly separated by a trough
and this was reproducible in eight successive columns that
were run (Fig. 3). The recovery on Accell-QMA was 90-100%
for both protein and activity, and this was thought to be a
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Figure 3. Accell-QMA anion exchange HPLCof MNC-derived supernatant containing HRFactivity. Molarity of the buffer in gradients and
wash phase is indicated by the dashed line. The optical density at 280 nm is shown by the solid line and percent histamine release by the verti-
cal bars. Major areas of activity are in the void volume, during the 0.5-M wash phase, and at the end of the 1.0-M gradient.
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Figure 4. (A and B) SDSgel electrophoresis of two separate MNCsu-

pernatants applied directly to the gels. The gels were sliced, electroelu-
ted, and fractions assayed for histamine release. The positive frac-
tions are shown by the vertical bars and the corresponding molecular
weights are given.

passed over a Sephadex G-25 column. The effluent was as-
sayed for HRF. Generally, the activity recovered from SDS
gels as well as nondenaturing gels was 40%. The protein recov-
ery was 40-50%. Representative assays are shown in Fig. 4 A
and B. Two major peaks of activity are shown at molecular
weights of 11,000-12,000 and 15,000-17,000, as well as minor
peaks at 25,000-27,000, 31,000-34,000, and 80,000 (Fig. 4 A).
Thus fractionation of the initial supernatant, which yields a
major peak of 30,000 D upon gel filtration, is clearly a hetero-
geneous mixture that can be further resolved when assessed by
SDSgel electrophoresis.

Wethen sequentially fractionated material in the following
fashion. The peak obtained on gel filtration was fractionated
by Accell-QMA anion exchange HPLC. Each of the three ac-
tive peaks was then subjected to SDSgel electrophoresis and
the eluates processed as described and assayed for HRF. As
shown in Fig. 5, a single peak of HRFactivity was obtained at
a molecular weight of 15,000-17,000 when the second QMA
fraction was assessed. This SDS eluate was then iodinated,
resubjected to SDSgel electrophoresis, and developed by auto-
radiography (Fig. 6). A single band at 17,000 D is seen. When
the third peak from the Accell QMAanion exchange column
was applied to SDS-gel electrophoresis (Fig. 7), a major peak
was found at molecular weight 41,000, and minor peaks at
7,000, 11,000-12,000, 14,000-17,000 and 65,000-85,000.
This pattern was reproduced when three separate supernatants
(three different donors) were subjected to sequential fraction-
ation by gel filtration, Accell QMAanion chromatography,
and the third peak subjected to SDSgel electrophoresis. This
41,000 moiety peak appears as a variable minor area of activity
when crude supernatant is fractionated directly into SDSgels
(Fig. 4), but its activity is prominent after the described purifi-
cation procedure. The reason the apparent activity increases is
not known. It is possible that one or more inhibitors are also
present in the supernatant stage, which can act upon the factor
itself or the responsiveness of basophils or that an activation
step occurs in the course of purification. In Fig. 8 is shown a
radioautogram of this iodinated peak and a single major band
at 41,000 is detected.

A preliminary assessment of peak I reveals that it is far
more heterogeneous than peak II or III; the predominant HRF
is at 11,000-12,000 D, but we also find activity at 15,000-
18,000, 40,000-45,000, and 80,000-90,000. The predominant
12,000 molecular weight factor was eluted from gels, and gave

superior separation step when compared to reverse-phase
HPLC. The Accell-QMA fractions were lyophilized, resus-

pended in PBS, and the aliquot to be assayed was passed over a

Sephadex G-25 column to remove trace quantities of ammo-
nium acetate. This step was critical since even small amounts
of ammonium acetate cause nonspecific basophil histamine
release. The recovery from such a column was 90-100% as

long as the total protein applied was > 2 ,g.
Before proceeding with successive chromatographic steps

to obtain a purified product, we next wished to determine the
mobility of crude HRFsupernatant upon nondenaturing disk
gels and SDS gels. After electrophoresis of 400 ,l of sample,
the gels were cut into 4-mm slices and proteins were electro-
eluted. Each eluted fraction was dialyzed against ammonium
acetate, lyophilized, resuspended in PBS, and an aliquot

Figure 5. SDSgel elec-
trophoresis of MNC-
HRFsupernatant that
was first subjected to gel
filtration and Accell-
QMAanion exchange
HPLC. The second
peak from the QMA
column was applied to
the SDS-gel. The gel
was sliced, electroelu-
ted, and the fractions
assayed for histamine
release. The major ac-

tivity was the 15,000-
17,000 mol wt peak.
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Figure 7. Protein electroelution of Accell QMApeak III from SDS-
PAGE. A predominant fraction at 41-45,000 D is obtained with
HRFactivity. Minor peaks are also seen at 7,000, 1i1,000-12,000,
15,000-17,000, and 65,000-85,000. The stacking gel corresponds to
fraction 33.

Figure 6. HRFobtained by electroelution after
SDSgel electrophoresis of the Accell QMApeak
II, was radiolabeled, subjected again to SDSgel
electrophoresis and a autoradiogram obtained. A
single band of purified material is seen, at 17,000
mol wt.

a single band upon silver stained SDS gels (not shown). It is
clear that the aforementioned procedure can be used to purify
each of the major forms of mononuclear cell-derived HRF.
The recovery of protein and activity obtained with each purifi-
cation step is summarized in Table I.

Discussion
Although HRFhas been reported to be derived from a variety
of cell sources, it has not been purified from any of them. In
this manuscript we have developed methods to purify and
characterize the material derived from human mononuclear

cells. In the course of such studies, it became evident that
multiple molecular forms can be obtained and it is unclear
whether these represent multiple molecular forms of a single
gene product, or whether more than one substance possesses
the same activity. Since we have demonstrated that hr-IL3 and
GM-CSFpossess histamine releasing activity, the likelihood
that multiple cytokines will be found to possess such activity
seems great. In addition, each of these may be heterogeneous
as purified from stimulated cell supernatants by virtue of ei-
ther aggregation, proteolysis, or carbohydrate content.

Wehave demonstrated that our HRFhas a major form at
molecular weight 30,000 (minor components may be seen at
15,000 and 50,000) when assessed by gel filtration HPLCwhile
two species are obtained upon reverse-phase HPLC, and three
forms upon Accell-QMA anion exchange-HPLC. It is of inter-
est that Lett-Brown et al. (16) estimated that HRFhas a molec-
ular weight of 10,000-30,000 and also observed two major
peaks of HRFactivity upon reverse-phase HPLC, however the
recovery was only 5-40%. Our earlier study indicated two
major forms upon QAESephanex-A50, however, none of
these procedures proved suitable for preparative isolation and
of these only the Accell-QMA anion exchange-HPLC step
gives a high yield (Table I). Critical for further purification and
characterization of this material was the observation that it
could be recovered from SDSgels in high yield so that func-
tional activity is retained. This is an extremely powerful
method for separation from other contaminating proteins and
when coupled with gel filtration HPLC and Accell-QMA
anion exchange HPLCyields material that appears purified. A
variety of components can be recovered for further character-
ization. It is important to note that material between 12,000
and 17,000 D is particularly prominent upon SDSgel electro-
phoresis even though the major peak upon gel filtration is
30,000. This suggests that HRFcan exist as a dimer (or higher
oligomers) which are separated in the presence of SDS. It is of
interest that other workers have characterized HRFfrom lung
macrophages (8, 9) and nasal washings (10) and reported a
molecular weight of 18,000 and 15,000. These sources of HRF
have been shown to require cell bound IgE in order to cause
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23). However, this requires confirmation and isolation of one
or more cyanogen bromide cleavage fragments of HRF in
order to sequence an internal segment. Such studies are in
progress.
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