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SELECTED ANTIBODIES TO LEUKOCYTE COMMON ANTIGEN (CD45) INHIBIT
HUMAN NEUTROPHIL CHEMOTAXIS'

LIANA HARVATH,?* JEFFREY A. BALKE,' NEAL P. CHRISTIANSEN," ALVA A. RUSSELL,* anD
KEITH M. SKUBITZ'
From the *Division of Blood and Blood Products, Center for Biologics Evaluation and Research, Food and Drug

Administration, Bethesda, MD 20892, and the ‘Department of Medicine, University of Minnesota Medical School,
Minneapolis, MN 55455

The CD45 Ag family is a group of high m.w. gly-
coproteins that are expressed on the plasma mem-
branes of all leukocytes. CD45 has protein tyrosine
phosphatase activity and appears to regulate signal
transduction and lymphocyte activation by specific
association with receptor molecules on T and B
lymphocytes. However, little is known about CD45
function in neutrophils (PMN). In this study, PMN
were incubated with CD45 mAb and tested for their
chemotactic responses to four unrelated chemo-
attractants: FMLP, leukotriene B, (LTB,), recombi-
nant human C5a (C5a), and recombinant human
neutrophil-activating protein-1, recently designated
IL-8. A panel of CD45 mAbD including an IgM mAb,
AHN-12.1, and six IgGl mAb, AHN-12, AHN-12.2,
AHN-12.3, AHN-12.4, HLe-1, and KC56(T200), were
tested for their effects on PMN chemotaxis. PMN
chemotaxis was evaluated with two different mem-
brane assays; one assay quantified the total number
of migrating PMN and the other assayed the leading
front of migrating PMN. AHN-12.1 and KC56(T200)
significantly inhibited PMN chemotaxis to LTB, and
C5a. AHN-12.1 slightly inhibited PMN chemotaxis to
FMLP, but KC56(T200) did not. In contrast, AHN-12
and HLe-1 did not significantly inhibit PMN chemo-
taxis to any of the chemoattractants. None of the
CD45 mAb inhibited PMN chemotaxis to neutrophil-
activating protein-1/IL-8, None of the CD45 mAb
inhibited PMN superoxide production. These results
suggest that PMN CD45 epitopes may interact with
LTB, and C5a receptor-associated molecules and
regulate chemotactic responses.

The leukocyte common Ag family (CD45) is a group of
high m.w. glycoproteins that are expressed on the plasma
membranes of all leukocytes. CD45 is transcribed from
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a single gene, and the family of proteins is generated by
alternative splicing of three exons (recently reviewed in
Ref. 1). The patterns of expression are controlled in a
leukocyte-specific manner. PMN® and thymocytes ex-
press only the lowest m.w. 180-kDa, isoform. B lympho-
cytes express only the highest m.w., 220-kDa, isoform,
whereas T lymphocytes have a complex expression of
180-kDa, 190-kDa, and 205-kDa isoforms, which change
during differentiation and activation. The complete pri-
mary sequence for CD45 has been determined from
analysis of cDNA clones (1). CD45 consists of an amino-
terminal external domain that varies in size from 391 to
552 amino acids, a membrane-spanning region of 22
amino acids, and a cytoplasmic domain of 705 amino
acids. The cytoplasmic domain contains two tandem sub-
domains of 300 amino acids and has protein tyrosine
phosphatase activity (2). In vitro, CD45 dephosphorylates
myelin basic protein, epidermal growth factor receptor,
insulin receptor, and p56'* protein tyrosine kinases (3).

CD45 appears to regulate signal transduction and lym-
phocyte activation by specific association with receptor
molecules on T and B lymphocytes (4, 5). CD45 may
modify the function of lymphocyte receptors when
brought into close physical association with them. Be-
cause the cytoplasmic portion of CD45 has protein tyro-
sine phosphatase activity, it is possible that molecules
that interact with the cytoplasmic domain are dephos-
phorylated at critical tyrosine residues during lympho-
cyte activation.

The function of CD45 on phagocytic leukocytes re-
mains unknown. CD45 is found on the plasma mem-
branes of PMN and intracellularly is associated with
tertiary and secondary granules (6). Agents that stimulate
PMN degranulation induce an up-regulation of the 180-
kDa CD45 protein on PMN plasma membranes (6, 7). As
participants in the Fourth International Leukocyte Dif-
ferentiation Antigen Workshop (Vienna, Austria, 1989),
we screened more than 200 mAb for their effects on
human PMN chemotaxis. One antibody that we added as
a negative control to the CD15 Workshop Panel signifi-
cantly inhibited PMN chemotaxis to LTB, and was clas-
sified as a CD45 mAb. This observation prompted the
present investigation, in which we examined the effects
of several CD45 mAb on human PMN chemotaxis to a
variety of chemoattractants, including FMLP, LTB,, re-

3 Abbreviations used in this paper: PMN, neutrophils; LTB,, leukotriene
B4; NAP-1, neutrophil-activating protein-1; DFP, diisopropylfluorophos-

phate: NP-40, Nonidet P-40; PVDF, polyvinylidene difluoride; NGS, nor-
mal goat serum; T-TBS. Tween-Tris-buffered saline.
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combinant human Cba, and recombinant human NAP-
1, recently designated IL-8. Selected CD45 mAbD signifi-
cantly inhibited PMN chemotaxis to LTB, and C5a; only
one mAb slightly inhibited PMN chemotaxis to FMLP,
and none of the mAb inhibited PMN chemotaxis to NAP-
1/IL-8. None of the mAb inhibited PMN superoxide pro-
duction. These observations suggest that PMN CD45 ep-
itopes may interact with LTB, and Cba receptor-associ-
ated molecules and regulate chemotactic responses.

MATERIALS AND METHODS

Antibodies and reagents. FMLP, propidium iodide, horse heart
ferricytochrome c (type VI), bovine superoxide dismutase (type I),
and cytochalasin B were purchased from Sigma Chemical Co. (St.
Louls, MO). LTB, was purchased from Upjohn Diagnostics (Kalama-
zoo, MI). Recombinant human C5a was a generous gift from Pfizer
(Groton, CT). Recombinant human NAP-1/IL-8 was a generous gift
from Sandoz Forschungsinstitut (Vienna, Austria). [°H]LTB, (specific
activity, 196 Ci/mmol) was purchased from New England Nuclear
(Boston, MA). The CD45 antibodies HLe-1 and KC56(T-200) were
purchased from Becton-Dickinson (Mountain View, CA) and Coulter
Immunology (Hialeah, FL), respectively. The CD15 antibody Leu-M1
and the CD16 antibody Leu-11a, fluorescein-conjugated 1gG1 and
IgM isotype control reagents, and goat anti-mouse IgG were pur-
chased from Becton-Dickinson. Phycoerythrin-conjugated IgG1 iso-
type control was purchased from Coulter Immunology.

Immunization and production of hybridoma cell lines. AHN-12,
AHN-12.1, AHN-12.2, AHN-12.3, and AHN-12.4 were produced by
immunizing 8-week-old female BALB/cJ mice (The Jackson Labo-
ratory, Bar Harbor, ME) with an 1.p. injection of 50 ug of protein in
CFA (GIBCO Laboratories, Grand Island. NY). The protein prepara-
tion was purified by wheat germ affinity chromatography (8) from
eosinophils of a patient with hypereosinophilic syndrome. Mice were
subsequently immunized s.c., at weekly intervals, with 50 ug of
purified protein in IFA (GIBCO). One week after the third immuni-
zation, mice received 50 ug of protein in PBS, pH 7.2, i.p. Four days
later, their spleen cells were fused with murine myeloma P3-X63-
Ag8.653 cells, at a ratio of four spleen cells per myeloma cell, as
previously described {9). Hybridoma cell cultures secreting antibod-
ies that bound to PMN were twice cloned in soft agar as described
(9). Ig isotype was determined by using a commercially available
isotyping kit (Bio-Rad. Richmond, CA). All AHN-12 mAb prepara-
tions were heated at 56°C for 30 min before they were tested in
chemotaxis assays.

125 labeling. PMN and lymphocytes were labeled with '*°I, by
using lactoperoxidase. as described (9). Briefly, 1 to 2 x 107 cells
were suspended in 1 ml of PBS on ice and 5 U of lactoperoxidase
(Sigma) in PBS, 1 mCi of Na'®°[ (carrier-free; Amersham, Arlington
Heights, IL). and 10 pl of 0.06% H,O. were added. After 5 min, an
additional 10 ul of 0.06% H,0, were added and, 5 min later, DFP
(Sigma) was added to a final concentration of 5 mM. The cells were
then incubated on ice for 10 min, recovered by centrifugation at 400
x g for 8 min, and then washed twice with 10 ml of PBS at 0°C. All
steps were performed at O to 4°C. All reactions involving DFP were
performed in a fume hood and all articles contacting DFP were
washed in 5 M NaOH before removal from the hood. Radiolabeled
cells (1 to 2 X 107) were suspended in 1 ml of solubilization buffer
(20 mM Tris, pH 7.6, 150 mM NacCl, 0.5% NP-40, 0.02% NaNs, 2 mM
PMSF and incubated on ice for 20 min. The suspensions were then
centrifuged at 8800 X g for 30 min at 4°C, and the supernatant
(extract) was used for immunoprecipitation, as described below.

Immunoprecipitation and SDS-PAGE. Immunoprecipitation was
performed as previously described (9). Briefly, radiolabeled cell pro-
teins were immunoprecipitated from reaction mixtures containing
cell extract, antibody, 20 mM Tris-HCl, pH 8.2, 100 mM NaCl, 0.5%
NP-40, 1 mM EDTA, 0.125 mg/ml gelatin, and 2 mM PMSF, in a
total volume of 0.25 ml in 10- X 75-mm glass tubes. After the
suspension was incubated overnight at 4°C, 5 gl of anti-mouse IgM
(Organon Teknika, Durham, NC) were added for AHN-12.1 or 5 ul of
anti-mouse IgG'"*" (Organon Teknika) were added for AHN-12, AHN-
12.2, AHN-12.3, and AHN-12.4, and the mixture was incubated at
4°C for 1 h. Fifty microliters of 10% Staphylococcus aureus (Pan-
sorbin; Calbiochem, La Jolla, CA) were then added. After 15 min at
4°C, the mixture was washed twice by addition of 1 ml of a buffer
containing 20 mM Tris-HCI, pH 8.2, 1 mM EDTA, 100 mM Nac(l,
0.5% NP-40, 2.5 M KCl. and 0.25 mg/ml gelatin and centrifugation
at 2400 X g for 20 min at 4°C. The pellet was then suspended in 1
ml of 20 mM Tris-HCI, pH 8.2, transferred to Eppendorf tubes, and
centrifuged at 8800 x g for 5 min. The precipitate was suspended in
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Laemmli sample buffer [62.5 mM Tris-HCI. pH 6.8, 2% SDS, 10%
glycerol, 5% 2-ME, 0.001% bromophenol blue {10)]. The samples
were then incubated at 100°C for 2 min and analyzed by SDS-PAGE.
Gel slabs were stained with Coomasie blue, dried, and examined by
autoradiography using Kodak X-Omat XR film.

Immunoblotting. Immunoblotting was performed as previously
described (11, 12). Briefly, samples were suspended in Laemmli
sample buffer without 5% 2-ME and were separated by SDS-PAGE
in the Laemmli buffer system (10). The gels were then equilibrated
in transfer buffer (25 mM Tris-HCl, pH 8.3, 152 mM glycine, 20%
methanol) for 30 min and electroblotted onto the transfer membrane
(Immobilon PVDF transfer membranes; Millipore Corp., Bedford,
MA) at 30 V for 12 h at 4°C and then at 80 V for 2 h at 4°C (11).
Protein transfer was monitored by amido black staining (11).

After transfer of proteins onto PVDF, the strips were blocked by
incubation in 20 mM Tris-HCI, pH 7.5, 500 mM NacCl, containing
0.1% Tween-20 (Sigma) and 0.04% NaN; (T-TBS), with 5% NGS
(GIBCO). overnight at 23°C with constant rocking. After two washes
with T-TBS, PVDF strips (0.3 cm wide) were incubated for 2 h at
23°C in T-TBS/5% NGS, containing 2 ul of mouse ascites per 2 ml of
T-TBS/5% NGS, on a rocker platform. The first antibody was re-
moved and the strips were washed three times with T-TBS. The
strips were then incubated for 1 h at 23°C with biotinylated goat
anti-mouse IgG (H and L chain specific; Organon Teknika Corp.,
West Chester, PA) diluted 1/1000 in T-TBS/5% NGS (2 ml/strip).
The second antibody was removed, and the PVDF was washed three
times in T-TBS and then incubated for 30 min with avidin-conju-
gated alakaline phosphatase (Organon Teknika Corp.) diluted 1/
5000 in T-TBS/5% NGS (5 ml/well). After two T-TBS washes, pro-
teins were visualized by incubation in 0.3 mg/ml nitroblue tetrazo-
lium (Sigma), 0.2 mg/ml 5-bromo-4-chloro-3-indolylphosphate
(Sigma), 100 mM NacCl, 50 mM MgCl,, and 100 mM Tris-HCI, pH 9.5,
for 30 min at 23°C in the dark (12, 13). The reaction was stopped by
washing in distilled water, at 23°C.

In some cases. as indicated, proteins were transferred onto PVDF
paper, as described above, and the paper was rinsed once in 50 mM
sodium acetate, pH 4.5, and then incubated in the dark in 50 mM
sodium acetate, pH 4.5, with or without 40 mM NalQ,, for 1 h at
23°C. The paper was then washed three times in 50 mM sodium
acetate, pH 4.5, and once in T-TBS, blocked, and then probed with
various antibodies, as described above. In some cases, as indicated,
proteins were transferred onto PVDF and the PVDF was incubated
for 30 min at 60°C in 0.5 M Tris-HCl, pH 7.0, containing 1% SDS
and 5% 2-ME, and then washed three times in T-TBS and blocked
before being probed with various antibodies as described above.

Isolation of human PMN. PMN were isolated from blood antico-
agulated with acid citrate dextrose solution A (25 ml. containing
22.0 g/liter Na;CsH;0,-H,0, 8.0 g/liter citric acid, 24.5 g/liter dex-
trose, per 100 ml of blood) by a modified procedure of Boyum (14). A
PMN-rich plasma fraction was first obtained by a dextran sedimen-
tation procedure, in which 3 ml of 5% dextran solution (pyrogen free,
m.w. 100,000 to 200,000; U.S. Biochemical Corp., Cleveland, OH)
were added per 10 ml of blood. The PMN-rich fraction was then
layered over Ficoll-Hypaque (lymphocyte separation medium: Orga-
non Teknika) as described (14). Residual RBC were removed by
hypotonic lysis with sterile water for injection (sterile water for
injection, USP; Abbott Laboratories, North Chicago, IL). Cell prepa-
rations contained >95% PMN that were 298% viable, as assessed by
propidium iodide exclusion (15).

Antibody binding. All mAb preparations were centrifuged for 20
min at 7000 X g before use, to remove mAb aggregates. PMN were
exposed to saturating concentrations of mAb at 4°C for 30 min. The
cells were then gently pelleted at 100 X g for 7 min, the supernatant
was removed, and PMN were resuspended to a concentration of 1 X
10° PMN/ml in HBSS containing 0.2% BSA. Saturating concentra-
tions of mAb were determined by flow cytometric analysis. The mAb-
treated PMN were evaluated by flow cytometry and in chemotaxis
assays described below.

In some experiments, PMN were preexposed to FMLP (1077 M),
LTB, (107® M), C5a (1077 M), or NAP-1/IL-8 (1077 M} for 15 min at
4°C. Designated concentrations of fluorescently conjugated CD45
mADb were added to the PMN containing chemoattractants, and the
cells were incubated with mAb and chemoattractants for an addi-
tional 30 min at 4°C. PMN were gently pelleted and resuspended in
cold PBS for flow cytometric analysis.

Flow cytometry. Flow cytometric evaluations were performed
with an Ortho Spectrum Il flow cytometer equipped with an argon-
ion laser and a model 2140 computer. At least 10,000 cells were
analyzed for each sample. Results are presented as mean channel
ftuorescence of linear scale fluorescence intensity.

Chemotaxis assays. Chemotaxis was assayed in a muitiwell
chemotaxis chamber as described (16). Cells were suspended in
HBSS/BSA at a concentration of 1 X 10° PMN/ml. Assays were
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performed in which the total number of PMN migrating through
polyvinylpyrrolidone-free polycarbonate membranes (5-um pores;
Nuclepore Corp., Pleasanton, CA) was quantified (17). Chambers
were incubated for 35 min at 37°C in humid air. Chemoattractants
were diluted in HBSS/BSA. After incubation, nonmigrated PMN were
wiped off the filters, and the filters were fixed in methanol and
stained with Diff-Quik (Dade Diagnostics, Inc., Aguada, Puerto Rico).
Migrated PMN were counted with an Optomax System IV image
analyzer (Optomax, Inc., Hollis, NH). Random migration was deter-
mined by quantifying PMN migration to medium alone. The chemo-
kinetic migration (chemokinesis) was assayed by placing equal con-
centrations of the chemoattractants in the upper and lower wells of
the chamber. Triplicate determinations of the total number of mi-
grating PMN/mm? of filter surface were performed for each PMN
donor; five or six different PMN donors were tested.

PMN chemotaxis leading front analyses (18) were performed in
some experiments with the multiwell chamber and cellulose nitrate
filters (5-um pores; Sartorius, Gottingen, West Germany). PMN (1 X
10%/ml in HBSS/BSA) were incubated in chemotaxis chambers for
45 min at 37°C in humid air. Filters were fixed and stained as
described (19). The leading front was determined by measuring the
distance traveled from the upper surface of the filter to the position
where the three farthest migrating PMN were found (18). Chemotaxis
assays were performed in triplicate and the values represent the
means of five measurements of each triplicate (15 fields). Statistical
analyses were performed using the two-tailed Student’s t-test.

Separation of chemotactically responsive and nonresponsive
PMN. Migrating and nonmigrating PMN were isolated with a chemo-
taxis separation chamber described previously (20, 21) (Neuro Probe,
Inc., Cabin John, MD), PMN were removed from the upper (chemo-
tactically nonresponsive PMN) and lower (chemotactically respon-
sive PMN) membrane surfaces by gentle washing of the membrane
surfaces with cold Ca?'- and Mg”**-free HBSS/BSA. Isolated PMN
were adjusted to a concentration of 1 X 10° PMN/ml and maintained
at 4°C. In some experiments, PMN were fixed with 3.7% formalin
before mAb staining; in other experiments, PMN were not fixed and
remained viable during mAb staining at 4°C.

[PHJLTB, binding to PMN. [°*H|LTB, binding to PMN was deter-
mined as described (22). Preliminary experiments were performed
to determine the approximate half-maximal binding concentration.
Subsequent experiments were performed in which PMN were incu-
bated with saturating concentrations of designated mAb for 30 min
at 4°C. PMN were gently pelleted at 100 X g for 7 min and the
supernatants were removed. PMN were resuspended in HBSS con-
taining 0.1% OVA. Reactions containing 1 X 10° PMN and ~5 nM
[PH]LTB,, with or without 1000-fold excess unlabeled LTB,. were
incubated in a final volume of 200 ul for 30 min at 4°C. Reaction
mixtures were layered onto 600 pl of silicone oil (General Electric SF
1250 silicone fluid; Harwick Chemical Corp., Trenton, NJ) and cen-
trifuged for 90 s in 1.5-ml microfuge tubes in a microcentrifuge
(Brinkmann Instruments, Inc., Westbury, NY). Samples were proc-
essed for counting as previously described (23). Nonspecific binding
was <15% of the total binding. Results are reported as the means *
1 SD of quadruplicate replicates.

Fluorescence microscopy. PMN were analyzed for CD45 distri-
bution with a laser scanning confocal microscope [Bio-Rad MRC-500
laser scanning system (Cambridge, MA), connected to a Nikon Mi-
crophot-FX microscope]. In some experiments, 100 ul of PMN (1 X
10°/ml) were pipetted into individual blind well chemotaxis cham-
bers (Neuro Probe, Inc.} containing HBSS/BSA medium or optimal
chemotactic concentrations of chemoattractants in the lower wells
and 13-mm-diameter polycarbonate membranes with 5-um pores.
Conditions for the chemotaxis assay were identical to those de-
scribed above for the multiwell microchemotaxis assay. After a 35-
min incubation at 37°C, the filters were removed and fixed in 3.7%
formalin-PBS. The filters were washed several times with PBS before
staining with mAb. After staining, filters were washed with PBS and
mounted with Gel-mount medium (Biomeda Corp., Foster City, CA).
In other experiments, control (without mAb) or CD45 mAb-treated
PMN were plated in glass Lab-Tek chambers (Nunc Inc., Naperville,
IL) and incubated for 15 min at 37°C to allow PMN to settle and
adhere, and then PMN were stimulated with 107 M FMLP, 107® M
C5a, or 1077 M LTB, for periods of 5 s to 15 min. The cells were fixed
with 3.7% formalin-PBS and washed with PBS before staining with
mAb. After staining, the chambers were disassembled and the spec-
imens were mounted with Gel-mount medium. Images were photo-
graphed from a high resolution, flat screen, black and white monitor
(VM1710: Lucius & Baer, Geretsried, W. Germany) with Kodak Plus-
X pan film.

Superoxide assay. PMN superoxide production was assayed by a
modified procedure of Babior et al. (24). PMN were preincubated
with or without the CD45 mAbD, isotype control mAb, Leu-M1, or
Leu-11a mAb, for 30 min at 4°C. as described above in Antibody
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binding. Reaction mixtures containing 1 X 10® PMN in complete
HBSS with 0.1 mM ferricytochrome ¢ (Type VI) and 5 ug/ml cyto-
chalasin B were preincubated for 10 min at 37°C before stimuli
addition. Reference cuvettes contained the same components and
60 pg/ml superoxide dismutase (type I). Superoxide production was
quantified from unstimulated PMN and PMN stimulated with 1 uM
FMLP, 1 uM LTB,, and 0.1 uM Cba. The extinction coefficient of
20,000 M~! em™! at 550 nm was used for cytochrome ¢ (25). Results
are reported as the mean + 1 SD of duplicate determinations from
two separate experiments with different PMN donors and are ex-
pressed as nmol of superoxide/1 X 105 PMN/10 min.

RESULTS

Characterization of mAb. Eleven mAb were initially
evaluated in this study: seven mAb that recognize CD45
Ag, two control mAb that recognize the myeloid Ag CD15
and CDI16, included as isotype controls, and two isotype
controls that do not bind to myeloid cells. A summary of
the mAb, their respective isotypes, and their binding
properties to PMN are presented in Table I. In flow cyto-
metric analyses, the CD45 mAb bound homogeneously to
100% of human PMN (Fig. 1).

AHN-12, AHN-12.2, AHN-12.3, and AHN-12.4 were
classified at the Fourth International Workshop on Leu-
kocyte Differentiation Antigens (Vienna, Austria) as
CD45 mADb [Nonlineage Workshop Panel mAb numbers

TABLE 1
mAb evaluated

Name Isotype CD PMN Binding
[sotype Control IgG1 None -
Isotype Control IgM None -
Leu-M1 IgM CD15 + (100%)
Leu-1la 1gG1 CD16 + (100%)
AHN-12 1gG1 CD45 + (100%)
AHN-12.1 IgM CD45 + (100%)
AHN-12.2 1IgG1 CD45 + (100%)
AHN-12.3 1gG1 CD45 + (100%)
AHN-12.4 18G1 CD45 + (100%)
HLe-1 18G1 CD45 + (100%)
KC56 IgG1 CD45 + (100%)

AHN-12 AHN-12.1 AHN-12.2

AHN-12.3 AHN-12.4 KC56(T-200)

Relative Cell Number

Relative Fluorescence Intensity

Figure 1. Representative flow cytometric histogram profiles of CD45
mAb binding to human PMN. Vertical axis. relative cell number; hori-
zontal axis, relative linear fluorescence intensity. Shaded histagrams,
CDA45 mAb binding; unshaded histograms, isotype control binding.
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N810, N809, N88, and N811, respectively (26)]. The AHN-
12 mAb were all prepared by immunizing mice with
protein purified by wheat germ affinity chromatography
from eosinophils of a patient with hypereosinophilic syn-
drome, as described in Materials and Methods. Immu-
noprecipitation studies using extracts of surface-labeled
PMN and lymphocytes were performed to confirm the
specificity of the AHN-12 mAb. Results illustrating the
specificity of AHN-12.1 are shown in Figure 2. AHN-12.1
immunoprecipitated a ~180-kDa surface-labeled protein
from PMNs (Fig. 2, lane A), whereas normal mouse serum
(Fig. 2, lane B) did not. AHN-12.1 immunoprecipitated
four surface-labeled proteins of ~180, 190, 205, and 220
kDa from lymphocytes (Fig. 2, lane C), whereas normal
mouse serum (Fig. 2, lane D) did not. The other AHN-12
mAb exhibited similar immunoprecipitation patterns
(26). The flow cytometric binding profiles and immuno-
precipitation patterns of the AHN-12, AHN-12.1, AHN-
12.2, AHN-12.3, and AHN-12.4 mAb were characteristic
of CD45 mAb.

Effects of reduction and periodate on Ag detection.
When PMN proteins were separated by SDS-PAGE under
nonreducing conditions before transfer to PVDF, anti-
bodies AHN-12 to AHN-12.4 each detected a 180-kDa
protein by immunoblotting, identical to the pattern in
Figure 2, lane A. In contrast, when PMN membrane
proteins were separated by SDS-PAGE under reducing
conditions before immunoblotting with AHN-12 to AHN-
12.4, the 180-kDa protein was no longer detected. Simi-
larly, when proteins were separated by SDS-PAGE under
nonreducing conditions, transblotted onto PVDF, incu-
bated in 0.5 M Tris-HCI, pH 7.0, containing 1% SDS and
5% 2-ME, at 60°C for 30 min, and then probed with mAb
AHN-12 to AHN-12.4 and developed as described in Ma-
terials and Methods, no protein bearing the CD45 Ag
could be detected. To determine the role of carbohydrates
in the epitopes recognized by AHN-12 to AHN-12.4, pro-
teins were transferred onto PVDF and incubated for 1 h
with 40 mM NalO, in 50 mM sodium acetate buffer, pH
4.5. Treatment of the transferred membrane proteins
with NalO, also markedly decreased or eliminated the

ABCD

T 200- i 6

16—

Mr x 10

Figure 2. Immunoprecipitation and PAGE of '*°I-labeled PMN and
lymphocyte surface proteins. PMN (lanes A and B) and lymphocytes
(lanes C and D) were labeled at the cell surface (1 to 2 X 107 cells) with
1251, solubilized, immunoprecipitated with AHN-12.1 (lanes A and C) or
normal mouse serum (lanes B and D), and analyzed by SDS-PAGE and
autoradiography as described in Materials and Methods. Proteins used
as molecular weight standards were: myosin heavy chain, 200,000, and
Escherichia coli g-galactosidase, 116,000.
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ability of AHN-12 to AHN-12.4 to detect the CD45 Ag.

The sensitivity of the epitopes recognized by AHN-12
to AHN-12.4 to both reduction and periodate treatment
suggests that, although carbohydrates are important in
the structure recognized by these antibodies, the tertiary
structure of the protein backbone is also probably an
important component of these epitopes.

Effects of mAb on PMN chemotaxis. The panel of mAb
was initially screened for effects on PMN chemotaxis to
FMLP and LTB, in two separate chemotaxis assays. Each
assay provided unique quantitative information about
the effects of mAb on PMN chemotaxis. One assay quan-
tified the total number of PMN migrating through 10-um-
thick polycarbonate membranes (total migration re-
sponse), and the second assay measured the distance
migrated by the fastest migrating PMN (leading front).
PMN from five or six different PMN donors were evaluated
with the panel of mAb in separate experiments, in which
triplicate assays were performed with each mAb and
chemoattractant. The effects of mAb on chemotactic re-
sponses to FMLP (5 X 1078 M) and LTB, (1 X 107® M) are
summarized as the percentage of the isotype control re-
sponse (Fig. 3). The majority of CD45 mAb did not inhibit
PMN chemotaxis to FMLP (Fig. 3, A and B), whereas most
of the CD45 mAb inhibited PMN chemotaxis to LTB, (Fig.
3, C and D). Only mAb AHN-12.1 had a consistent signif-
icant inhibitory effect on PMN chemotaxis to FMLP (Fig.
3A); however, the inhibition was not marked. The CD16
and CD15 mAb, Leu 11a and Leu M1, and the CD45 mAb,
HLe-1 and AHN-12, did not inhibit chemotaxis to either
LTB, or FMLP. In general, both of the chemotaxis assays
correlated closely; mAb that inhibited the total number
of migrating PMN also inhibited the PMN leading front.
The only exception was mAb AHN-12.1; AHN-12.1 had a
slight but significant inhibitory effect on PMN chemo-
taxis to FMLP in the polycarbonate assay (Fig. 3A); how-
ever, the slight inhibitory effect in the leading front assay
for chemotaxis to FMLP was not significant (Fig. 3B).
CD45 mAD that affected PMN chemotaxis had an inhib-
itory effect over a broad chemoattractant concentration
range (Fig. 4A). AHN-12.1 and KC56 significantly inhib-
ited PMN chemotaxis over the LTB, concentration range
of 1 nM to 1 uM (p < 0.02), without shifting the concen-
tration response. CD45 mAb did not alter the chemotactic
concentration response of PMN to FMLP (Fig. 4B). None
of the mAD significantly affected PMN random migration
or chemokinesis. The combination of random migration
and chemokinetic migration responses accounted for
25% of the total migration responses.

Identical chemotaxis experiments were performed with
a selected panel of CD45 mAb and the isotype control
mADb, with recombinant human C5a (1 X 107® M) and
recombinant human NAP-1/IL-8 (1 X 107® M) as the
chemoattractants (Fig. 5). AHN-12.1 and KC56 signifi-
cantly inhibited PMN chemotaxis to C5a, whereas AHN-
12, HLe-1, and the CD16 and CD15 mAb did not (Fig. 5,
A and B). In contrast, none of the mAb significantly
inhibited PMN chemotaxis to NAP-1/IL-8 (Fig. 5, C and
D).

CD45 mADb exhibited different effects on PMN chemo-
taxis (summarized in Table II). AHN-12.1 and KC56 con-
sistently inhibited chemotaxis to LTB, and C5a. AHN-
12.1 was the only CD45 mAb that slightly but signifi-
cantly inhibited chemotaxis to FMLP. None of the mAb
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Figure 3. Effects of mAb on PMN migration to FMLP (5 x 107® M) and
LTB, (1 X 107 M) in the polycarbonate membrane and leading front
chemotaxis assays. PMN chemotaxis to FMLP in the polycarbonate assay
(A) and leading front assay (B) and PMN chemotaxis to LTB, in the
polycarbonate assay (C) and leading front assay (D) were evaluated with
PMN from five or six different donors. Results are expressed as the
percentage of control response (isotype control) and are presented as the
means * 1 SEM of five or six experiments. *, Significant effect (p < 0.02).
The sum of the PMN random migration and chemokinetic migration
accounted for ~25% of the total migratory response.

significantly inhibited chemotaxis to NAP-1/IL-8. Flow
cytometric analyses were performed on all CD45 mAb-
treated PMN preparations, to confirm that mAb remained
associated with PMN. In each chemotaxis experiment
(Figs. 3 and 5), aliquots of mAb-treated PMN were re-
moved and held at either 4°C or 37°C for 35 min (the
chemotaxis assay period). Samples held at 4°C and 37°C
exhibited fluorescence histogram profiles identical to
those illustrated in Figure 1, and all of the CD45 mAb
remained associated with PMN after the 35-min incuba-
tion.

Competitive binding of chemoattractants and CD45
mAb. Experiments were performed to determine whether
CD45 mAb and chemoattractants competitively inhibited
each other’s binding. PMN were pretreated with saturat-
ing concentrations of FMLP (1 X 1077 M), LTB, (1 x 107
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Figure 4. Effects of mAb on PMN chemotaxis concentration responses
to LTB, and FMLP in the polycarbonate assay. PMN were exposed (o
isotype control mAb (@), KC56 (O), or AHN-12.1 ((J) and tested for chem-
otactic responsiveness to a range of LTB, (A) or FMLP (B) concentrations.
Data are presented as the means + 1 SD of migrated PMN/mm? of filter
surface of triplicate assays from an individual PMN donor. The experi-
ment was repeated with PMN from two additional donors and similar
results were obtained. The random migration responses were 430 + 80
PMN/mm? of filter surface.

M), C5a (1 x 1077 M), or NAP-1/IL-8 (1 x 1077 M), as
described in Materials and Methods, and PMN were
evaluated with flow cytometry for CD45 mAb binding.
Chemoattractant binding did not affect CD45 mAb bind-
ing (Fig. 6A). The same experiments were performed with
HLe-1 and AHN-12.1, and results were identical to those
presented for KC56 in Figure 6A. PMN pretreated with
CD45 mAb were evaluated for [°PH|LTB, binding, as de-
scribed in Materials and Methods. [’H]LTB, binding was
not significantly inhibited (p > 0.05) when PMN were
pretreated with saturating concentrations of CD45 mAb
(Fig. 6B).

CD45 expression on chemotactic and nonchemotac-
tic PMN. Untreated PMN were exposed to FMLP (1 X 1077
M)jor LTB, (1 X 107® M) in chemotactic separation cham-
bers (21, 22) for 35 min at 37°C. The chemotactically
responsive (migrators) and nonresponsive (nonmigrators)
PMN were isolated and evaluated for CD45 expression by
quantification of fluorescent CD45 mAb binding with
flow cytometry. Both PMN populations continued to ex-
press CD45 after exposure to chemoattractant gradients
(Table III). Control PMN suspensions incubated for 35
min at 37°C slightly up-regulated CD45, when compared
with control PMN continuously maintained at 4°C for 35
min. The chemotactically responsive PMN slightly down-
regulated CD45 after migration, whereas the nonchemo-
tactic PMN did not exhibit a change in CD45 expression,
when compared with the 37°C control PMNs. The CD45
expression on chemotactically responsive PMN was sig-
nificantly lower than on the 37°C control PMN (p < 0.05)
only when PMN had migrated to LTB, and were subse-
quently stained with fluorescent KC56. PMN that mi-
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Figure 5. Effects of mAb on PMN migration to recombinant human
C5a (1 x 107® M) and NAP-1/IL-8 (1 X 107 M) in the polycarbonate
membrane and leading front chemotaxis assays. PMN chemotaxis to C5a
in the polycarbonate assay (A) and leading front assay {B) and PMN
chemotaxis to NAP-1/IL-8 in the polycarbonate assay (C) and leading
front assay (D) were evaluated with PMN from five or six different donors.
Results are expressed as the percentage of control response (isotype
control} and are presented as the means £ 1 SEM of five or six experi-
ments. *. Significant effect (p < 0.02). The sum of the PMN random
migration and chemokinctic migration accounted for ~25% of the total
migratory response.

TABLE 11

Summary of inhibitory effects of CD45 antibodies
on PMN chemotaxis®

Antibody

NAP-1/IL-8 - - -

Chemoattractant
AHN-12 AHN-12.1 HLe-1 KC56
FMLP —v 1 - -
LTB. - | - 1
C5a - | - 1

“Data arc summarized from the polycarbonate chemotaxis experi-
ments, in which five or six different PMN donors were evaluated for cach
mAb.

? —. No significant effect.

¢ |. Significant inhibition (p < 0.02).
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Figure 6. Competitive binding of chemoattractants and CD45 mAb.
A. PMN were cither untreated {@) or pretreated with saturating concen-
trations of FMLP (O). LTB, (). C5a (4). or NAP-1/IL-8 (X) and then
evaluated for fluorescent CD45 mAb binding as described in Materials
and Methods. Data arc presented as the mean channel fluorescence
(MCF) values = 1 SD of PMN for the indicated concentrations of KC56
(«g/ml). B, 1 X 10° PMN were pretreated with saturating concentrations
of CD45 mAb or equivalent concentrations of isotype control mAb, at 4°C
for 30 min. and then cxposed to an approximate half-maximal binding
concentration of 5 nM ("H|LTB, for 30 min at 4°C. Results are presented
as the mean specific cpm bound = 1 SD of quadruplicate replicates from
an individual PMN donor. [*H]LTB, binding to CD45 mAb-treated PMN
was not significantly different than binding to isotype control-treated
PMN (p > 0.05). The experiment was repeated with a different donor and
identical resulls were obtained.

grated to FMLP did not demonstrate significantly de-
creased binding of KC56. when compared with 37°C con-
trols. Binding of HLe-1 was not significantly decreased
on chemotactically responsive PMN to either chemo-
attractant (Table III).

PMN on polycarbonate membranes from chemotaxis
chamber assays were fixed and stained with fluorescent
CD45 mAb and analyzed by fluorescence microscopy.
PMN on the upper membrane surface (nonmigrators; Fig.
7A)and PMN on the lower membrane surface (migrators:
Fig. 7B) exhibited similar CD45 distribution patterns.
CD45 remained diffusely expressed on the external PMN
plasma membranes. Some regions of cells exhibited
punctate patches of CD45; however, the patches did not
consistently polarize in discrete regions of the PMN. Iden-
tical results were obtained when either control or CD45
mAb-treated PMN were plated on glass surfaces and ex-
posed to 1077 M FMLP, 107" M LTB,, or 1077 M C5a for
periods of 5 s to 15 min. The CD45 distribution patterns
were identical to those in Figure 7. Neither PMN CD45
capping nor internalization was detected during the 5-s
to 15-min exposures to chemoattractants, using fluores-
cent microscopic analysis.

Effects of mAb on PMN superoxide production. None
of the mAb affected superoxide production of resting or
LTB.,-. C5a-. or FMLP-stimulated PMN. Control (without
mADbD pretreatment) resting PMN released 1.5 = 0.5 nmol
of superoxide/1 X 10° PMN, LTB,-stimulated PMN re-
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TABLE 111
CD45 expression on chemotactically responsive and nonresponsive PMN

Mean Channel Fluorescence®

FMLP-Exposed PMN®

LTB4-Exposed PMN

CD45 mAb
4°C 37°C 4°C 37°c
Control Control Migrators Nonmigrators Control Control Migrators Nonmigrators
KC56° 73+ 19 96 + 24 70 =23 83 = 20 86+ 13 107 £ 16 54 + 13° 8013
HLe-1¢ 437 48+ 8 386 46 = 8 417 538 407 508

“Mean channel fluorescence values * 1 SD of six replicates from two separate experiments for each condition. Isotype control values were identical

for each condition evaluated (mean channel fluorescence, 10 + 1).

®PMN suspensions were exposed to chemoattractant for 35 min at either 4°C or 37°C. PMN on the polycarbonate membranes in chemotactic
separation chambers were exposed to a gradient of chemoattractant at 37°C for 35 min: chemotactic (migrators) and nonchemotactic PMN
(nonmigrators) were then isolated. PMN were washed and stained with CD45 mAb.

©KC56 mAb was phycoerythrin conjugated.
4 HLe-1 mAb was fluorescein conjugated.

®Mean channel fluorescence is significantly less than the corresponding 37°C control and the 4°C control values (p < 0.05). This condition was
the only condition that demonstrated a significant difference from corresponding control values.

Figure 7. CDA45 distribution on nonchemotactic and chemotactic PMN.
PMN on the upper membrane surface of polycarbonate membranes in a
chemotaxis chamber assay (A) did not migrate in response to LTB;. PMN
on the lower polycarbonate membrane surface (B) migrated through the
membrane pores in response to LTB,. PMN shown in A and B were fixed
as described in Materials and Methods and stained with phycoerythrin-
conjugated KC56. Identical results were obtained with all of the CD45
mAb. Both PMN populations exhibited similar distributions of CD45 on
their external plasma membranes. Bar, 10 um.

leased 2.5 + 0.5 nmol of superoxide/1 X 10° PMN, C5a-
stimulated PMN released 7.0 = 1.0 nmol of superoxide/1
X 10° PMN, and FMLP-stimulated PMN released 18.5 =+
3.5 nmol of superoxide/1 X 10° PMN. All isotype control-
, CD45-, Leu-M1-, and Leu-11a-mAb-treated PMN super-

oxide responses were identical. Superoxide values for
resting and LTB;-, C5a-, or FMLP-stimulated PMN pre-
treated with mAb were 2.0 = 0.5, 3.0 + 0.5, 7.5 = 1.2,
and 19.5 *+ 4.0 nmol of superoxide/1 X 10° PMN, respec-
tively. None of the mAb stimulated PMN superoxide pro-
duction of resting PMN over a 35-min incubation period
at 37°C. All superoxide values of mAb-treated resting
PMN were <2.0 = 0.5 nmol/1 X 10° PMN.

DISCUSSION

The results of this study demonstrate that mAb binding
to selected epitopes of CD45 has a significant inhibitory
effect on human PMN chemotaxis to LTB, and C5a. The
CD45 mAb evaluated in this study did not affect PMN
chemotaxis to NAP-1/IL-8, and only one mAb (AHN-12.1)
had a slight but significant inhibitory effect on chemo-
taxis to FMLP. Because the CD45 mAb bound and re-
mained associated with PMN but did not uniformly in-
hibit chemotaxis to LTB, and C5a, it appears that certain
epitopes of CD45 are important in PMN chemotactic re-
sponses. The mechanism by which some CD45 mAb
inhibit chemotaxis remains to be determined. One pos-
sibility is that LTB, and C5a receptor-associated mole-
cules may directly interact with specific CD45 epitopes
during chemotaxis. Binding mAb to critical CD45 epi-
topes may sterically block the interaction of CD45 with
receptor-associated molecules. Another possibility is that
mADb binding to critical CD45 epitopes may either activate
or inactivate the protein tyrosine phosphatase activity of
the cytoplasmic CD45 domains. Alterations of the phos-
phatase activity may be important in PMN chemotaxis to
specific chemoattractants.

The effects of CD45 mAb on PMN chemotaxis to LTB,
were not due to competitive inhibition of LTB, binding to
PMN receptors. Pretreatment of PMN with saturating
concentrations of CD45 mAb did not inhibit [*PH]LTB,
binding to PMN. These results indicate that, if CD45
epitopes interact with LTB4R or receptor-associated mol-
ecules, they interact at determinants distinct from the
LTB, ligand-binding domain. It is unlikely that CD45 is a
receptor for LTB,, C5a, FMLP, or NAP-1/IL-8. The m.w.
for the LTB4R has been postulated to be 60 kDa (27), and
a m.w. range of 48 to 52 kDa has been proposed for the
Cb5aR (28-30), whereas the CD45 molecule has a m.w. of
~180 kDa in PMN. The recently cloned FMLPR is a dis-
tinct membrane protein containing 350 amino acids (31)
and is not related to CD45. In addition, the results pre-
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sented in the present study demonstrate that pretreat-
ment of PMN with saturating concentrations of chemo-
attractants did not affect the binding of CD45 mAb to
PMN.

Human PMN exhibit chemotactic heterogeneity in vi-
tro. Chemotactically responsive and nonresponsive sub-
populations have been separated and characterized (21).
The results of this study demonstrate that both PMN
subpopulations continued to express CD45 on their ex-
ternal plasma membranes after exposure to chemoattrac-
tant gradients. Chemotactically responsive PMN slightly
down-regulated CD45 after migration, whereas non-
chemotactic PMN and 37°C control PMN exhibited nearly
identical CD45 expression. Warming PMN from 4°C to
37°C slightly up-regulated CD45 expression. The warm-
ing effect may be related to the fusion of granule mem-
branes with PMN plasma membranes. PMN CD45 has
been intracellularly associated with tertiary and second-
ary granules (6, 7). Lacal et al. (6) have reported that
PMN pretreated with cytochalasin B and stimulated with
degranulating agents up-regulate PMN CD45 expression.
In the present study, PMN did not up-regulate CD45 when
stimulated with chemoattractants, probably because
they were not treated with cytochalasin B. PMN were not
cytochalasin treated in chemotaxis experiments because
cytochalasin B inhibits PMN chemotaxis (32). The slight
down-regulation of CD45 on chemotactically responsive
PMN may be related to shedding of membrane Ag during
migration or internalization of Ag during the plasma
membrane and cytoskeletal reorganization that accom-
panies chemotaxis. Significantly decreased CD45 bind-
ing was observed only in PMN that had migrated to LTB,
and were stained with KC56. This finding is interesting,
because the KC56 mAb significantly inhibited PMN
chemotaxis to LTB,, but not FMLP. The decreased bind-
ing of KC56 to PMN that have migrated to LTB; may be
due to an association of the CD45 epitope recognized by
KC56 with other PMN surface molecules. The association
of CD45 with membrane molecules during migration may
reduce the availability of the epitope for recognition by
KC56. HLe-1, which did not inhibit PMN chemotaxis to
any of the chemoattractants, did not exhibit significantly
decreased binding to chemotactically responsive PMN.
CD45 remained diffusely distributed on all adherent PMN
in chemoattractant gradients. Focal patches of CD45
were observed by fluorescence microscopy; however, the
CD45 did not consistently localize to discrete regions of
the plasma membrane. These results demonstrate that
the inhibitory effects of CD45 mAb are not due to an
extensive capping of CD45 on PMN plasma membranes.

Two of the control mAb in this study, the CD16 mAbDb
Leu-1la and the CD15 mAb Leu-M1, were selected for
the test panel because they bind homogeneously to nor-
mal human PMN, they do not inhibit PMN chemotaxis,
and they serve as isotype-matched controls for the CD45
mAb of the panel. CD16 mAb recognize a membrane
protein of 50 to 70 kDa that is associated with the IgG Fc
receptor 1l on NK cells and PMN (33, 34). CD15 mAb
recognize the sugar lacto-N-fucopentaose IIl (X-antigen)
found on several PMN membrane glycoproteins of ~105,
135, 165, 185, and 220 kDa, a distinct ~180-kDa phos-
photyrosine-containing protein, and several glycolipids
(9. 35-42). Most CD15 mAb do not affect PMN chemo-
taxis, but they significantly inhibit PMN phagocytosis

CD45 AND HUMAN NEUTROPHIL CHEMOTAXIS

(36, 43). The CD15 Workshop Panel of the Fourth Inter-
national Workshop on Leukocyte Differentiation Anti-
gens (Vienna, Austria, 1989) contained the CD45 mAb
AHN-12.1 of the present study [referred to as M426 in
the CD15 Workshop Panel (36)] as a control mAb. In
contrast to CD15 mAb, AHN-12.1 did not affect PMN
phagocytosis of opsonized S. aureus (36), suggesting that
CD45 may not be involved in phagocytosis.

The biologic ligand for CD45 remains unknown. Func-
tional studies of CD45 have focused on lymphocyte acti-
vation and characterization of the molecules that interact
with CD45 in lymphocytes. CD45 has been reported to
associate with CD2 and the human MHC class I protein
on human T lymphocytes (5) and with the cytoskeletal
protein fodrin in a murine T lymphoma cell line (44). It
is not known whether CD45 chemically or functionally
modifies these molecules when associated with them.
Recent studies with mutant murine T cell lines have
indicated that CD45 may play a role in lymphocyte
growth regulation (45, 46). CD45 appears to have the
potential of interacting with a variety of leukocyte pro-
teins and functioning as a protein tyrosine phosphatase.

The present study demonstrates that CD45 epitopes
are involved in human PMN chemotaxis to certain classes
of chemoattractants. None of the mAb tested in this study
affected PMN superoxide production in response to LTB,,
C5a, or FMLP. These findings suggest that CD45 is not
involved in PMN superoxide production. It is also possible
that cytochalasin B pretreatment of PMN, which is nec-
essary for detection of significant superoxide production
from chemoattractant-stimulated PMN, may have altered
the effects of CD45 mAb on superoxide production. Char-
acterization of PMN proteins that interact with CD45 and
their state of tyrosine phosphorylation during stimula-
tion with chemoattractants should provide interesting
clues to the biochemical function of CD45 in chemotaxis.
It will be of interest to determine whether CD45 mAb
affect other responses elicited by chemoattractant stim-
uli.

Acknowledgments. The authors gratefully acknowl-
edge Drs. Suzanne Epstein, Kristina Prodouz, and Mi-
chael Taplits for their insightful critiques of this manu-
script.

REFERENCES

1. Thomas, M. L. 1989. The leukocyte common antigen family. Annu.
Rev. Immunol. 7:339.

2. Tonks, N. K., H. Charbonneau, C. D. Diltz, E. H. Fischer, and K. A.
Walsh. 1988. Demonstration that the leukocyte common antigen
CD45 is a protein tyrosine phosphatase. Biochemistry 27:8695.

3. Tonks, N. K., C. D. Diltz, and E. H. Fischer. 1990. CD45, an integral
membrane protein tyrosine phosphatase. J. Biol. Chem. 265:10674.

4. Ledbetter, J. A., N. K. Tonks, E. H. Fischer, and E. A. Clark. 1988.
CD45 regulates signal transduction and lymphocyte activation by
specific association with receptor molecules on T or B cells. Proc.
Natl. Acad. Sci. USA 85:8628.

5. Schraven, B., Y. Samstag, P. Altevogt, and S. C. Meuer. 1990.
Association of CD2 and CD45 on human T lymphocytes. Nature
345:71.

6. Lacal, P., R. Pulido, F. Sanchez-Madrid, and F. Mollinedo. 1988.
Intracellular location of T200 and Mol glycoproteins in human neu-
trophils. J. Biol. Chem. 263:9946.

7. Pulido, R., P. Lacal, F. Mollinedo, and F. Sanchez-Madrid. 1989,
Biochemical and antigenic characterization of CD45 polypeptides
expressed on plasma membrane and internal granules of human
neutrophils. FEBS Lett. 249:337.

8. Christiansen, N. P., and K. M. Skubitz. 1988. [dentification of the
major lectin-binding surface proteins of human neutrophils and
alveolar macrophages. Blood 71:1624.

620z AeN 0z uo 3senb Aq 4pd-616/522910L/6v6/£/9% | APd-8lonie/jounwwi/Bio lee:sjeuinolj/:dpy woy papeojumoq



10.

11.

12.

13.

14.

15,

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

CD45 AND HUMAN NEUTROPHIL CHEMOTAXIS

. Skubitz, K. M., Y. Zhen, and J. T. August. 1983. A human granu-

locyte-specific antigen characterized by use of monoclonal antibod-
ies. Blood 61:19.

Laemmli, U. K. 1970. Cleavage of structural proteins during the
assembly of the head of bacteriophage T,. Nature 227:680.

Towbin, H., T. Staehelin, and J. Gordon. 1979. Electrophoretic
transfer of proteins from polyacrylamide gels to nitrocellulose sheets:
procedure and some applications. Proc. Natl. Acad. Sci. USA
76:4350.

Stroncek, D. F., K. M. Skubitz, and J. J. McCullough. 1990. Bio-
chemical characterization of the neutrophil-specific antigen NB1.
Blood 75:744.

Knecht, D. A., and R. Dimond. 1984. Visualization of antigen pro-
teins on Western blots. Anal. Biochem. 136:180.

Boyum, A. 1968. Isolation of mononuclear cells and granulocytes
from human blood. J. Clin. Lab. Invest. 21{Suppl.):77.

Horan, P. K., and J. A. Kappler. 1977. Automated fluorescent analy-
sis for cytotoxicity assays. J. Immunol. Methods 18:309.

Falk, W., R. H. Goodwin, and E. J. Leonard. 1980. A 48-well
microchemotaxis assembly for rapid and accurate measurement of
leukocyte migration. J. Immunol. Methods 33:239.

Harvath, L., W. Falk, and E. J. Leonard. 1980. Rapid quantitation
of neutrophil chemotaxis: use of a polyvinylpyrollidone-free polycar-
bonate membrane in a multiwell assembly. J. Immunol. Methods
37:39.

Zigmond, S. H., and J. G. Hirsch. 1973. Leukocyte locomotion and
chemotaxis: new methods for evaluation and demonstration of a cell-
derived chemotactic factor. J. Exp. Med. 137:387.

Cates, K. L., C. E. Ray, and P. G. Quie. 1978. Modified Boyden
chamber method of measuring polymorphonuclear leukocyte chemo-
taxis. In Leukocyte Chemotaxis. J. I. Gallin and P. G. Quie, eds.
Raven Press, New York, p. 67.

Falk, W., L. Harvath, and E. J. Leonard. 1982. Only the chemotactic
subpopulation of human blood monocytes expresses receptors for
the chemotactic peptide N-formyl-methionyl-leucyl-phenylalanine.
Infect. Immun. 36:450.

Harvath, L., and E. J. Leonard. 1982. Two neutrophil populations
in human blood with different chemotactic activities: separation and
chemoattractant binding. Infect. Immun. 36:443.

Goldman, D. W., and E. J. Goetzl. 1984. Heterogeneity of human
polymorphonuclear leukocyte receptors for leukotriene B,: identifi-
cation of a subset of high affinity receptors that transduce the
chemotactic response. J. Exp. Med. 159:1027.

Harvath, L., and R. R. Aksamit. 1984. Oxidized N-formyl-methionyl-
leucyl-phenylalanine: effect on the activation of human monocyte
and neutrophil chemotaxis and superoxide production. J. Immunol.
133:1471.

Babior, B. M., R. S. Kipnes, and J. T. Curnutte. 1973. Biological
defense mechanisms: the production by leukocytes of superoxide, a
potential bactericidal agent. J. Clin. Invest. 52:741.

McCord, J. M., J. D. Crapo, and I. Fridovich. 1977. Superoxide
dismutase assays: a review of methodologies. In Superoxide and
Superoxide Dismutases. A. M. Michelson, J. M. McCord, and I.
Fridovich, eds. Academic Press, New York, pp. 11-17.

Schmidt, R. E. 1989. Non-lineage/natural killer section report: new
and previously defined clusters. In Leukocyte Typing. IV. White
Cell Differentiation Antigens. W. Knapp, B. Dorken, W. R. Gilks, E.
P. Rieber, R. E. Schmidt, H. Stein, and A. E. G. Kr von dem Borne,
eds. Oxford University Press, Oxford, England, p. 517.

Goldman, D. W., L. A. Gifford, T. Marotti, C. H. Koo, and E. J.
Goetzl. 1987. Molecular and cellular properties of human polymor-
phonuclear leukocyte receptors for leukotriene B,. Fed. Proc. 46:200.
Huey, R., and T. E. Hugli. 1985. Characterization of a C5a receptor
on human polymorphonuclear leukocytes (PMN). J. Immunol.
135:2063.

Johnson, R. J., and D. E. Chenoweth. 1985. Labeling the granulo-
cyte Cba receptor with a unique photoreactive probe. J. Biol. Chem.
260:7161.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

957

Rollins, T. E., and M. S. Springer. 1985. Identification of the poly-
morphonuclear leukocyte C5a receptor. J. Biol. Chem. 260:7157.
Boulay, F., M. Tardif, L. Brouchon, and P. Vignais. 1990. Synthesis
and use of a novel N-formyl peptide derivative to isolate a human N-
formyl peptide receptor cDNA. Biochem. Biophys. Res. Commun.
168:1103.

Zigmond, S. H., and J. G. Hirsch. 1972. Effects of cytochalasin B on
polymorphonuclear leukocyte locomotion, phagocytosis and glycoly-
sis. Exp. Cell Res. 73:383.

Perussia, B., G. Trinchieri, A. Jackson, N. L. Warner, J. Faust, H.
Rumpold, P. Kraft, and L. L. Lanier. 1984. The Fc receptor for 1gG
on human natural killer cells: phenotypic, functional, and compar-
ative studies using monoclonal antibodies. J. Immunol. 133:180.
Phillips, J. H., and G. F. Babcock. 1983. NKP-15: a monoclonal
antibody reactive against purified human natural killer cells and
granulocytes. Immunol. Lett. 6:143.

Huang, L. C., C. 1. Civin, J. L. Magani, J. H. Shaper, and V. Ginsberg.
1983. My-1, the human myeloid-specific antigen detected by mouse
monoclonal antibodies, is a sugar sequence found in lacto-N-fuco-
pentaose IIl. Blood 61:1020.

Skubitz, K. M., J. Balke, E. Ball, R. Bridges, E. S. Buescher, L.
Campos, L. Harvath, M. Kerr, B. Kniep, P. Spitalnik, S. Spitalnik,
A. Skubitz, J. Thompson, M. Wick, and L. Williams. 1989. Report
on the CD15 cluster workshop. In Leukocyte Typing. IV. White Cell
Differentiation Antigens. W. Knapp, B. Dorken, W. R. Gilks, E. P.
Rieber, R. E. Schmidt, H. Stein, and A. E. G. Kr von dem Borne, eds.
Oxford University Press, Oxford, England, p. 800.

Skubitz, K. M., N. P. Christiansen, and J. R. Mendiola. 1989.
Preparation and characterization of monoclonal antibodies to human
neutrophil cathepsin G, lactoferrin, eosinophil peroxidase, and eosin-
ophil basic protein. J. Leukocyte Biol. 46:109.

Skubitz, K. M., S. Pessano, L. Bottero, D. Ferrero, G. Rovera, and
J. T. August. 1983. Human granulocyte surface molecules identified
by murine monoclonal antibodies. J. Immunol. 131:1882.

Skubitz, K. M., and R. W. Snook, II. 1987. Monoclonal antibodies
that recognize lacto-N-fucopentaose Il (CD15) react with the adhe-
sion-promoting glycoprotein family (LFA-1/ HMAC-1/ GP 150, 95)
and CR1 on human neutrophils. J. Immunol. 139:1631.

Skubitz, K. M., J. R. Mendiola, and M. S. Collett. 1988. CD15
monoclonal antibodies react with a phosphotyrosine-containing pro-
tein on the surface of human neutrophils. J. Immunol. 141:4318.
Urdal, D. L., T. A. Brentnall, I. D. Bernstein, and S.-1. Hakomori.
1983. A granulocyte reactive monoclonal antibody, 1G10, identifies
the GalgBl-4(Fuc «l1-3) GlcNac (X determinant) expressed in HL-60
cells on both glycolipid and glycoprotein molecules. Blood 62:1022.
Melnick, D. A., W. M. Nauseef, S. D. Wackowitz, J. P. Gardner, and
H. L. Malech. 1985. Biochemical analysis and subcellular localiza-
tion of a neutrophil-specific antigen, PMN-7, involved in the respi-
ratory burst. J. Immunol. 134:3346.

Skubitz, K. M., D. J. Weisdorff, and P. K. Peterson. 1985. Monoclo-
nal antibody AHN-1 inhibits phagocytosis by human neutrophils.
Blood 65:333.

Bourguignon, L. Y. W., S. J. Suchard, M. L. Nagpal, and J. R.
Glenney, Jr. 1985. A T-lymphoma transmembrane glycoprotein (gp
180) is linked to the cytoskeletal protein, fodrin. J. Cell Biol.
101:477.

Pingel, J. T., and M. L. Thomas. 1989. Evidence that the leukocyte-
common antigen family is required for antigen-induced T-lympho-
cyte proliferation. Cell 58:1055.

Ostergaard, H. L., D. A. Shackelford, T. R. Hurley, P. Johnson, R.
Hyman, B. M. Sefton, and 1. S. Trowbridge. 1989. Expression of
CD45 alters phosphorylation of the Ick-encoded tyrosine protein
kinase in murine lymphoma T-cell lines. Proc. Natl. Acad. Sci. USA
86:8959.

Harvath, L., J. A. Balke, A. A. Russell, and K. M. Skubitz. 1990.
Selected antibodies to leukocyte common antigen (CD45) inhibit
human neutrophil (PMN) chemotaxis to leukotriene B,. FASEB J.
4:A2117.

Gz0z AeN 0z uo 1senb Aq Jpd 616/5229101/676/€/9 | /ipd-aoie/jounwwil/io e sjeuinolj/:dny woy papeojumoq



