
INTRODUCTION

The CD45 molecule, referred to as ‘leucocyte-common antigen’,
is a family of high molecular weight transmembrane protein 
tyrosine phosphatase (PTPase) expressed on all nucleated
haematopoietic cells [1,2]. CD45 is expressed as one of the eight
potential isoforms that vary in molecular weight from 180 kDa
(CD45RO) to 220 kDa (CD45RA) due to alternative mRNA
splicing of up to three exons, 4–6, encoding a variable amino-
terminal domain rich in O-linked sugars [3]. In human peripheral
CD4+T lymphocytes, CD45RA+ and CD45RO+ subsets have been
confirmed as representing the naive and memory T cells, respec-
tively [4]. Many authors have reported the possible roles of CD45
and its isoforms in T and B cell differentiation [5–10], natural
killer and cytotoxic T lymphocyte functions [10–12], cytokine pro-
duction of mononuclear cells [13–15] and TCR-associated sig-
nalling in T cells [16,17]. Recently, CD45 has been demonstrated

to be crucial in the activation of p56lck member of the Src family
tyrosine kinase during T cell activation [18–23]. Mature PMN
have long been regarded as the terminally differentiated cells
incapable of protein synthesis. However, a number of authors
found that PMN expressed many important cytokine and chemo-
kine mRNA, including IL-1, IL-6, IL-8, IL-10, IL-12, TNF-a, G-
CSF, GM-CSF, MIP-1a, MIP-1b and MCP-2 constitutionally or
by stimulation [24,25]. Ontogenically, CD45RO isoform was little
expressed on immature myeloid cells but became increasingly
dense towards the terminal stage of myeloid maturation. By con-
trast, the high molecular weight isoform CD45RA disappears vir-
tually from the mature myeloid cells [26,27]. Unexpectedly, only
a few studies have discussed the biological roles of CD45 isoforms
in human mature granulocytes in the literature. Liles et al. [28]
reported that the respiratory burst induced by neutrophil activa-
tors was enhanced by CD45 cross-linking with the antibody and
cross-linker. Harvath et al. [29] demonstrated that CD45 epitopes,
after interacting with leukotriene B4 (LTB4) and complement
component C5a receptor-associated molecules, regulated the
chemotactic responses of PMN. Recently, Gao et al. [30] demon-
strated that CD45 could modulate human neutrophil functions
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SUMMARY

To determine the biological functions of membrane expressed CD45 isoforms on polymorphonuclear
neutrophils (PMN), the monoclonal IgG F(ab¢)2 antibody against CD45, CD45RA or CD45RO was
used as surrogate ligand for binding with these molecules on PMN. We found 99·5 ± 3·2%, 42·3 ± 5·8%
and 96·7 ± 2·6% PMN expressed CD45, CD45RA and CD45RO molecules on the cell surface, respec-
tively. The interaction of CD45, CD45RA or CD45RO with its specific antibody on PMN enhanced
phagocytosis markedly (34–83% increase), mainly via increased expression of complement receptor
type 3 (CR3, CD11b) on the cells. The production of IL-8 by PMN was also increased significantly 
after binding with antibodies (anti-CD45 > anti-CD45RO > anti-CD45RA). Anti-CD45RA and anti-
CD45RO, but not anti-CD45, enhanced TNF-a mRNA expression and decreased protein tyrosine phos-
phorylation of PMN. However, only anti-CD45RO suppressed Src family protein tyrosine kinase p56lck

expression in the cells. These results suggest that the cross-linking of CD45 isoforms by their specific
antibodies stimulated different PMN activities by differential suppression on protein tyrosine phos-
phorylation and Src family tyrosine kinase p56lck.
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such as decreased ADCC activity but increased IL-6 production
through FcgRIIa. In the present study, we incubated normal
human PMN with IgG F(ab¢)2 antibody against CD45, CD45RA
or CD45RO as surrogate ligand and found the interactions
exerted a profound modulating effect on PMN functions. The
molecular basis of the neutrophil-stimulating effects by anti-
CD45 isoform antibodies was discussed.

MATERIALS AND METHODS

Antibodies and reagents
Monoclonal mouse antibodies against human CD45 (clone J-33,
IgG1) CD45RA (clone ALB11, IgG1) and CD45RO (clone
UCHL1, IgG2a) were purchased from ImmunoTech (Marseille
Cedex 9, France). The isotype-matched mouse non-specific IgG
were obtained from Sigma Immunochemical Corp. (St Louis, MO,
USA). These immunoglobulin G molecules were pepsin digested
(enzyme : IgG ratio = 1 : 50 by weight) at pH 3·5 for 20 h at 37°C.
The digested fragments were then absorbed with protein A-
conjugated agarose beads (Sigma) at room temperature for 1 h.
The non-absorbed IgG F(ab¢)2 supernatants were proved free of
intact IgG molecules and Fcg fragments analysed by 10% SDS-
PAGE. The purified IgG F(ab¢)2 portions of anti-CD45 isofroms
and mouse IgGs were used in some experiments in comparison
with whole IgG antibody molecules. FITC-labelled monoclonal
antibodies against human complement receptor type 1(CR1,
C3bR/CD35), type 3 (CR3, CD11b) and FcgRIII (CD16) were
purchased from Ancell Corporation (Bayport, MN, USA). Poly-
myxin B (PMB), bacterial lipopolysacchride (LPS, Eschericia coli
serotype 0111 : B4), cytochalasin B and Limulus amoebocyte
coagulation test kits were obtained from Sigma Chemical Com-
pany. Mouse monoclonal antiphosphotyrosine (clone PT 20,
IgG2b) and antip56lck (clone 28, IgG2a) were purchased from
Transduction Laboratories (Lexington, KY, USA).

Isolation of neutrophils, lymphocytes and monocytes from
normal human peripheral blood
Heparinized venous blood obtained from normal individuals 
was mixed with one-quarter volume of 2% dextran solution 
(molecular weight 500 000 Da) and incubated at room tempera-
ture for 30 min. Leucocyte-enriched supernatant was collected
and diluted with the same volume of Hanks’ balanced salt solu-
tion (HBSS). After Ficoll-Hypaque (specific gravity 1·077–1·078)
density gradient centrifugation at 150 g for 20 min, the mononu-
clear cells (MNC) were aspirated from the interphase and the
PMN were obtained from the bottom. The contaminating red
blood cells in PMN suspensions were lysed by incubating with
chilled 0·83% NH4Cl solution at 4°C for 10 min. The adherent
cells (monocytes/macrophages) in MNC suspension were har-
vested by scraping with a rubber policeman after incubation in
Petri dishes at 37°C in 5% CO2–95% air for 60 min. The same pro-
cedure was repeated twice for obtaining the highly pure adherent
and non-adherent cells (lymphocytes) from MNC. The concen-
tration of PMN, lymphocytes and monocytes was adjusted to
2 ¥ 106/ml in 10% fetal bovine serum in RPMI-1640 (10% FBS-
RPMI). The viability of three cell populations was greater than
95% confirmed by trypan blue dye exclusion. The purity of PMN
and lymphocytes was ≥95% confirmed by Wright’s stain. The
purity of monocytes was ≥93% confirmed by non-specific esterase
staining kit (Sigma). The culture medium, cell suspensions 
and cell-cultured supernatants were confirmed free of bacterial

endotoxin contamination as detected by L. amebocyte coagula-
tion test kit.

Detection of CD45, CD45RA and CD45RO expression on the
surface of different cell populations by flow cytometry
Freshly isolated PMN, lymphocytes and monocytes (1 ¥ 106/ml)
were incubated with 5 ml of monoclonal antibody (50 mg/ml)
against human CD45, CD45RA, CD45RO or isotype-matched
mouse non-specific IgG as primary antibody in an ice-bath for 
30 min. After three washes with PBS, pH 7·2, the cell suspensions
were stained with FITC-labelled goat anti-mouse IgGs (Jackson
ImmunoResearch Laboratory Inc., West Grove, PA, USA) in an
ice-bath for another 30 min. After several time-washes, both per-
centage (%) and mean fluorescence intensity (MFI, denoted by
mean channel number) of the positive cells were measured by
FACSort flow cytometry (Becton-Dickinson Immunocytometry
Systems, Mountain View, CA, USA).

Agglutinating activity of monoclonal antibody against CD45
isoforms on PMN and MNC
Fifty microlitres of PMN or MNC suspension (5 ¥ 106/ml), 10 ml
of anti-CD45, anti-CD45RA or anti-CD45RO monoclonal anti-
body (50 mg/ml) and 40 ml of PBS, pH 7·2 were mixed in a round-
bottomed microwell and incubated at room temperature for 4 h.
The cell agglutination was observed by eye.

Measurement of PMN phagocytosis by flow cytometry
We followed the method reported by Shalaby et al. [31]. Briefly,
PMN (1 ¥ 106/ml) were preincubated with 10 ml of IgG F(ab¢)2

antibody against CD45 isoforms (50 mg/ml) for 45 min. Com-
mercially available fluoresbrit carboxylate microsphere (0·75 mm
in diameter, Polysciences Inc., Washington, PA, USA) that were
opsonized previously with fresh normal human serum at 37°C 
for 60 min were then added to the antibody-pretreated PMN
(PMN : beads = 1 : 100) and incubated for another 45 min at 
37°C in 5% CO2–95% air. After incubation, the cells were 
centrifuged at 300 g for 10 min three times to remove the free
beads followed by fixation with 2·5% paraformaldehyde. Both
percentage and mean fluorescence intensity (MFI) of PMN with
phagocytosis were detected by FACSort flow cytometry (Becton-
Dickinson) after subtracting the non-specific binding of opsonized
beads with PMN. The non-specific binding of beads was detected
by pretreatment of PMN with cytochalasin B (10 ng/ml) for 
30 min before reacting with opsonized beads. We found the non-
specific binding of opsonized beads with PMN was usually less
than 5%.

Measurement of phagocytosis-related membrane receptors by
flow cytometry
Direct immunofluorescence antibody method was used to mea-
sure the phagocytosis-related membrane receptors expression 
on PMN including complement receptor type 1 (CR1), type 
3 (CR3) and IgG Fc receptor type III (FcgRIII). Briefly, 
PMN (1 ¥ 106/ml) were preincubated with IgG F(ab¢)2 antibody
against CD45, CD45RA or CD45RO at room temperature 
for 60 min. These cells were then stained with FITC-labelled 
monoclonal mouse anti-human CR1, anti-CR3 or anti-Fcg RIII 
in an ice-bath for 30 min. Both percentage and MFI of positive
PMN were analysed by FACSort flow cytometry (Becton-
Dickinson).

© 2002 Blackwell Science Ltd, Clinical and Experimental Immunology, 129:78–85
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Preparation of PMN cultured supernatants
PMN suspension, 0·25 ml (2 ¥ 106/ml), 0·01 ml of individual IgG
F(ab¢)2 anti-CD45 isoform antibody or mouse non-specific IgG
F(ab¢)2 (50 mg/ml), and 0·24 ml 10% FBS-RPMI or 0·19 ml 10%
FBS-RPMI + 0·05 ml polymyxin B (50 ng/ml) were mixed in a
conical tube and incubated at 37°C in 5% CO2–95% air for 24 h.
The cell-free cultured supernatants were harvested and checked
for bacterial endotoxin contamination by L. amebocyte coagula-
tion test before use.

Quantification of IL-8 in the PMN cultured supernatants 
by ELISA
Commercially available IL-8 ELISA kit (Quantikine, R&D
System, Minneapolis, MN, USA) was used for measuring the con-
centration of IL-8 in PMN cultured supernatants. The detailed
procedures are described in the manufacturer’s instruction
booklet. The minimal detectable concentration of IL-8 was 
18·1 pg/ml.

Reverse transcription-polymerase chain reaction (RT-PCR)
detection of different cytokine mRNA expression in PMN
Total cellular RNA extraction and cDNA synthesis. PMN (1 ¥
107/ml) were incubated with antibody against CD45, CD45RA,
CD45RO or mouse IgG (50 mg/ml) at 37°C in 5% CO2–95% air for
2 h. The total cellular RNA was then extracted according to the
method of Chomczynski and Sacchi [32]. cDNA was synthesized
by priming 1 mg/ml of total RNA at 42°C for 1 h in a final volume
of 20 ml containing 1 mg of oligo-dT primer (Pharmacia Fine 
Chemicals, Piscataway, NJ, USA), 200 nmol of each dNTP (Phar-
macia) and MMLV reverse transcriptase (Bethesda Research
Laboratories, Gaithersburg, MD, USA) at 200 U/ng RNA.

Amplification of cDNA by PCR. An aliquot of cDNA was
amplified by PCR using oligonucleotide paired primers specific
for human IL-1b, IL-4, IL-8, TNF-a or IFN-g. Primers for human
glyceraldehyde-3-phosphate dehydrogenase (G3PDH) were used
to amplify the cDNA of ubiquitous molecule in the cells as inter-
nal control. The nucleotide sequences of these pair primers is
demonstrated below:

Human IL-1b: 5¢ATG GCA GAA GTA CCT AAG CTC GC 3¢
(sense);

5¢A CAC AAA TTG CAT GGT GAA GTC AGT T 3¢
(antisense).

Human IL-4: 5¢ CGG CAA CTT TGA CCA CGG ACA CAA
GTG GGA TA 3¢ (sense);

5¢ ACG TAC TCT GGT TGG CTT CCT TCA CAG GAC AG
3¢ (antisense).

Human IL-8: 5¢ ATG ACT TCC AAG CTG GCC GTG GCT 3¢
(sense);

5¢ T CTC AGC CCT CTT CAA AAA CTT CTC 3¢ (antisense).
Human TNF-a: 5¢ GAG TGA CAA GCC TGT AGC CCA TGT

TGT AGC A3¢ (sense);
5¢ GCA ATG ATC CCA AAG TAG ACC TGC CCA GAC 3¢

(antisense).
Human IFN-g: 5¢ ACC ACA GTC CAT GCC ATC AC 3¢ (sense);
5¢TCC ACC ACC CTG TTG CTG TA3¢ (antisense).
Human G3PDH: 5¢ACC ACA GTC CAT GCC ATC AC 3¢

(sense);
5¢TCC ACC ACC CTG TTG CTG TA3¢ (antisense).

A HYBAID OmniGene DNA Thermal Cycler (Teddington, Mid-
dlesex, UK) was run for 26 cycles for denaturation at 94°C for 

1 min and annealing/extension at 65°C for 2 min in the case of
G3PDH. Thirty-five cycles of denaturation at 95°C for 1 min and
annealing/extension at 60°C for 2 min were carried out for the
cytokines. The cDNA fragments amplified by these sets of primers
were 802 bp of IL-1b, 344 bp of IL-4, 289 bp of IL-8, 444 bp of
TNF-a and 427 bp of IFN-g. The PCR products were elec-
trophoresed in 1·8% agarose gel with jx174 digested by HaeIII
enzyme as calibration markers.

Detection of protein tyrosine phosphorylation and protein
tyrosine kinase p56lck by Western blot
Cell lysates were prepared from anti-CD45 isoform antibody or
mouse non-specific IgG-treated PMN (5 ¥ 106/ml) by the method
reported elsewhere in the literature. The protein concentration of
cell lysates was adjusted to 2 mg/ml and the cell lysates were
probed by mouse monoclonal anti-phosphotyrosine or anti-p56lck

antibody in Western blot analysis. The antigen–antibody com-
plexes were detected by an enhanced chemiluminescence (ECL)
protein detection system (Amersham, Aylesbury, UK).

Statistical analysis
Results represent mean ± s.d. throughout the study. Statistical 
significance was assessed by Student’s paired t-test for multiple
comparisons.

RESULTS

Phenotypic expression of CD45 isoforms on normal human
neutrophils, lymphocytes and monocytes
The phenotypic expression of CD45 isoforms on normal human
neutrophils, lymphocytes and monocytes was detected by flow
cytometry. We found almost all the leucocytes expressed CD45;
42·3 ± 5·8% and 96·7 ± 2·6% PMN expressed CD45RA and
CD45RO molecules on the cell surface, respectively. A repre-
sentative case is shown in Fig. 1. By contrast, 69·2 ± 6·6% and
37·8 ± 5·5% lymphocytes expressed CD45RA and CD45RO;
34·1 ± 4·4% and 76·1 ± 7·6% monocytes/macrophages expressed
CD45RA and CD45RO (data not shown).

Agglutinating activity of anti-CD45 isoform antibodies on
human PMN and MNC
We noted that only anti-CD45RO showed a weak agglutinating
effect towards PMN. It is possible that the immunochemical prop-
erties of anti-CD45RO antibody per se together with the high
density of CD45RO on PMN were agglutinated by this unique
antibody.

Effect of IgG F(ab¢)2 anti-CD45 isoform antibodies on
neutrophil phagocytosis
Preincubation of individual IgG F(ab¢)2 anti-CD45 isoform 
antibody with PMN for 45 min enhanced PMN phagocytosis
remarkably in both percentage (34–83% increase) and mean 
fluorescence intensity (Fig. 2). The enhanced neutrophil phago-
cytosis by the antibody was due mainly to the increased expres-
sion of CR3, but not CR1 or FcgRIII, on PMN surface (Fig. 3).
However, when PMN were preincubated with anti-CD45 IgG
F(ab¢)2 and then reacted with anti-CR3 (CD11b) antibody, the
neutrophil phagocytosis was remarkably suppressed (Fig. 2, panel
5). It suggests that although CR1, CR3 and FcgRIII are all
involved in PMN phagocytosis, CR3 seems much more important
than the other two receptors to mediate neutrophil phagocytosis.

© 2002 Blackwell Science Ltd, Clinical and Experimental Immunology, 129:78–85
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phorylated in the tyrosine residues as the cells are metabolically
active even in a non-stimulated state. After incubation with 
antibody against anti-CD45RA or CD45RO for 10 min, a remark-
able decrease in 180 and 100 kDa phosphoproteins was found
(Fig. 6). Interestingly, only anti-CD45RO suppressed the p56lck

(Fig. 7)

DISCUSSION

The main purpose of the present study is to define the biological
functions of membrane-expressed CD45 isoforms on PMN.
Because the natural ligands for CD45 isoforms have not yet been
found, anti-CD45 monoclonal antibodies have been used as sur-
rogate ligand for this purpose [33]. Hoffmeyer et al. [34] and Gao
et al. [30] have shown that CD45 may play a role in FcgR-
mediated signalling and immune functions in human neutrophils
after co-cross-linking with CD45. The use of whole anti-CD45
isoform antibodies may react with Fcg-receptors, especially low-
affinity FcgRIIa and FcgRIIIb, if aggregated antibodies exist. To
avoid the unwanted effects, we used IgG F(ab¢)2 fragments of
anti-CD45 isoform antibodies in some experiments instead of the
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Fig. 1. A representative case showing CD45 isoform expression on
normal human PMN. Cells were stained with (1) secondary antibody, (2)
anti-CD45, (3) anti-CD45RA and (4) anti-CD45RO. Both percentage and
mean fluorescence intensity (denoted by mean channel number) of CD45
isoforms on human PMN were measured by flow cytometry.

Fig. 2. Effect of antibody against of CD45, CD45RA or CD45RO on neu-
trophil phagocytosis. Human PMN (1 ¥ 106/ml) were preincubated with 
50 mg/ml IgG F(ab¢)2 fragments of different anti-CD45 isoform antibodies
for 45 min before the measurement of phagocytosis. (1) mouse non-
specific IgG F(ab¢)2, (2) anti-CD45, (3) anti-CD45RA, (4) anti-CD45RO
and (5) anti-CD45+ anti-CR3. Both percentage (%) and mean fluorescence
intensity (MFI, denoted by mean channel number) of positive cells were
detected by FACSort flow cytometry. The three antibodies enhanced PMN
phagocytosis markedly in both percentage and MFI compared to mouse
IgG control. Remarkable suppression of PMN phagocytosis by combined
treatment of anti-CD45 and anti-CR3 antibodies was shown in (5). The
same experiment was repeated five times with a similar tendency.

Effect of IgG F(ab¢)2 anti-CD45 isoform antibodies on IL-8
production of PMN
Many important cytokines/chemokines can be produced by PMN
either spontaneously or by stimulation in vitro including IL-1b,
IL-3, IL-6, IL-8 IL-12, TNF-a, TGF-a/b1, GRO-a, MIP-1a/1b,
IP-10 and CINC-1/2b/3 [24,25]. Among these, IL-8 is the most
prominent cytokine produced by PMN. We found the three anti-
CD45 isoform IgG F(ab¢)2 antibodies stimulated PMN to produce
an increased amount of IL-8 rather than mouse IgG F(ab¢)2. The
addition of polymyxin B abrogated the enhancing effect of IL-8
production by LPS, but not by anti-CD45 isoform antibodies
(Fig. 4).

Effect of anti-CD45 isoform antibodies on different cytokine
mRNA expression in PMN
In an attempt to determine how many cytokines in human PMN
can be induced by anti-CD45 isoform antibodies, the mRNA of
IL-1b, IL-4, IL-8, TNF-a and IFN-g in PMN were detected by RT-
PCR after incubation with different antibodies for 2 h. As shown
in Fig. 5, normal human PMN expressed mRNA of IL-1b and IL-
8 spontaneously, but not TNF-a, IL-4 or IFN-g. After 2 h incuba-
tion with anti-CD45RA or anti-CD45RO, TNF-a mRNA was
induced.

Effect of anti-CD45 isoform antibodies on protein tyrosine
phosphorylation and p56lck expression in PMN
Phosphorylation of tyrosine residues in a protein molecule is the
result of activation on its respective protein tyrosine kinase. Func-
tionally, CD45 and its isoforms are tyrosine phosphatase that can
dephosphorylate the cytoplasmic phosphoproteins. As expected,
many cytoplasmic proteins in PMN have already been phos-
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intact IgG antibody to determine the effects of these antibodies
on neutrophil functions (Figs 2, 3, 4). We found a similar effec-
tiveness in these two preparations. It is possible that the IgG anti-
bodies we used did not cause co-cross-linking of CD45 and FcgR
molecules because of negligible (anti-CD45 and anti-CD45RA)
or very weak agglutinating activity (anti-CD45RO) on PMN.
Three original findings were observed in this study: (1) the three
anti-CD45 isoform antibodies stimulated PMN phagocytosis
mainly via increased expression of CR3 on the cell surface. (2)
Anti-CD45RA and anti-CD45RO enhanced both IL-8 and TNF-
a gene expression whereas anti-CD45 only increased IL-8 
production of PMN. (3) Both anti-CD45RA and anti-CD45RO
decreased protein tyrosine phosphorylation, but only anti-
CD45RO suppressed Src family protein tyrosine kinase p56lck

expression in PMN.
It is conceivable that two biological functions in lymphocytes

are clearly dependent on CD45 and its isoforms. The primary
target of CD45 is the Src family protein kinase p56lck that is asso-
ciated with CD4 and CD8 [35–37]. CD45 and isoforms can act
either as positive or negative regulators of the kinase activity of
p56lck. Dephosphorylation of the C-terminal inhibitory site (site
1) tyrosine in the p56lck molecule by interaction with CD45 mol-
ecules changed the kinase confirmation into an active structure.
In conjunction with TCR activation, the dephosphorylated Src
family kinase is then phosphorylated on a second stimulatory site
(site 2) to become an active form to promote the catalytic func-
tion of the kinase in the lymphocytes [38,39]. In an in vitro study,
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Fig. 3. Effect of IgG F(ab¢)2 antibody against CD45, CD45RA or CD45RO on the membrane expression of phagocytosis-related recep-
tors; complement receptor type 1 (CR1), type 3 (CR3) and IgG Fc receptor type III (FcgRIII) on human PMN. PMN (1 ¥ 106/ml) were
preincubated with IgG F(ab¢)2 antibody or non-specific mouse IgG F(ab¢)2 for 60 min and then stained with FITC-labelled goat antimouse
IgG. Both percentage (%) and mean fluorescence intensity (MFI, denoted by mean channel number) of positive cells were detected by
flow cytometry. All three antibodies enhanced CR3 expression compared to mouse IgG F(ab¢)2 control. The same experiment was repeated
four times with a similar tendency.

Mustelin et al. [21] reported that the incubation of purified CD45
with p56lck increased the catalytic activity of the kinase more than
twofold. This finding indicates that expression of CD45 in T lym-
phocytes is required to regulate positive tyrosine phosphorylation
of the carboxyl-terminal tyrosine residue of p56lck in order to
maintain the kinase in an active state. Whether a similar-acting
mechanism of CD45 isoforms operates in neutrophils as well as
in lymphocytes has not yet been reported in the literature.

Our results suggest that the binding of CD45 isoform 
molecules with specific antibody on PMN dephosphorylates the
inhibitory site 1 in the C-terminal Src family kinase domain.
Autophosphorylation of the stimulatory site 2 in the molecule
occurs subsequently in PMN, as PMN are usually committed to
activation. Because the activated protein tyrosine kinase p56lck

with catalytic activity does not underlie dephosphorylation by
CD45 isoform, this active form kinase phosphorylates certain
transcription factors and transduces a positive signal to active
PMN. As a consequence, PMN was activated to increase produc-
tion/expression of IL-8 and TNF-a and phagocytosis. Because
CD45 and its two isoforms are functional protein tyrosine phos-
phatase, decreased cytoplasmic protein tyrosine phosphorylation
in PMN after activation by antibody was inevitable, as in lym-
phocytes. However, we note that the binding of CD45 with its 
specific antibody did not decrease tyrosine phosphorylation, as
demonstrated in Fig. 6. The real cause of this inconsistency is not
clear. It remains possible that the difference in cell physiology
between PMN and lymphocytes is responsible.
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Fig. 4. Effect of anti-CD45 isoform antibodies IgG F(ab¢)2 (50 mg/ml) on
IL-8 production of normal human PMN (1 ¥ 106/ml) after incubation with
PMN for 24 h. Bacterial lipopolysaccharide (LPS, E. coli serotype 0111:B4,
100 ng/ml) was used as positive control. Mouse IgG F(ab¢)2 was used as
negative control. Polymyxin B (PMB, 50 ng/ml) was added to the cell sus-
pensions and abrogated significantly the enhancing effects of LPS, but not
IgG F(ab¢)2 anti-CD45 isoform antibody-mediated enhancement. *P < 0·01
and **P < 0·002 compared to mouse IgG (50 mg/ml) control, calculated by
Student’s paired t-test for multiple comparisons.
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Fig. 5. Effect of antibody against CD45, CD45RA or CD45RO on IL-1b,
IL-4, IL-8, TNF-a and IFN-g mRNA expression of human PMN detected
by RT-PCR after preincubation of PMN with respective antibody 
(50 mg/ml) for 2 h. Lanes 1–6: incubation with mouse non-specific IgG 
(50 mg/ml); lanes 7–12: incubation with anti-CD45; lanes 13–18: incubation
with anti-CD45RA; and lanes 19–24: incubation with anti-CD45RO. Lane
1: G3PDH (452 bp, as internal control), lane 2: IL-1b (802 bp); lane 3: TNF-
a (695 bp); lane 4: IL-8 (289 bp); lane 5: IL-4 (344 bp); lane 6: IFN-g (452
bp); lane 7: G3PDH; lane 8: IL-1b; lane 9: TNF-a; lane 10: IL-8; lane 11:
IL-4; lane 12: IFN-g; lane 13: G3PDH; lane 14: IL-1b; lane 15: TNF-a; lane
16: IL-8; lane 17: IL-4; lane 18: IFN-g; lane 19: G3PDH; lane 20: IL-1b;
lane 21: TNF-a; lane 22: IL-8; lane 23: IL-4; and lane 24: IFN-g. The expres-
sion of TNF-a mRNA in PMN was enhanced by anti-CD45RA and anti-
CD45RO antibodies. The same experiment was repeated three times with
a similar tendency.

Fig. 6. Detection of protein tyrosine phosphorylation in different PMN
lysates after incubation with antibody (50 mg/ml) against CD45, CD45RA
or CD45RO for 10 min probed by anti-phosphotyrosine antibody in
Western blot analysis. Lane 1: incubation with mouse non-specific IgG 
(50 mg/ml); lane 2: incubation with LPS (100 ng/ml); lane 3: incubation with
anti-CD45; lane 4: incubation with anti-CD45RA; and lane 5: incubation
with anti-CD45RO. Two bands with 180 and 100 kDa were diminished
markedly after incubation with anti-CD45RA and anti-CD45RO, but not
with anti-CD45. The same experiment was repeated three times with a
similar tendency.

Fig. 7. Detection of Src family protein tyrosine kinase p56lck in different
PMN lysates after incubation with antibody (50 mg/ml) against CD45,
CD45RA or CD45RO for 10 min probed by antip56lck antibody in Western
blot analysis. Lane 1: incubation with mouse non-specific IgG (50 mg/ml);
lane 2: incubation with LPS (100 ng/ml); lane 3: incubation with anti-CD45;
lane 4: incubation with anti-CD45RA; lane 5: incubation with anti-
CD45RO; and lane 6: Jurkat cell lysate as a positive control for p56lck

molecule supplied by the kit. Only anti-CD45RO suppressed p56lck expres-
sion in PMN. The same experiment was repeated three times with a similar
tendency.
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In normal bone marrow myeloid cells, CD45RA gradually dis-
appeared in parallel to cell maturation and only 3–15% PMN
expressed CD45RA [26]. However, our results show that ap-
proximately 40% normal human PMN expressed CD45RA. The
increased CD45RA expression on PMN may be due to non-
specific activation during cell separation that elicits translocation
of cytoplasmic CD45RA molecule to the surface membrane. 
The PMN-stimulating activty of anti-CD45 isoform antibodies
was not due to bacterial endotoxin contamination because all 
the reagents, culture media, cell suspension or cell cultured 
supernatants used in the experiments were proved negative using
the L. amebocyte coagulation test. In addition, the increased 
PMN IL-8 production by anti-CD45 isoform antibody was not
affected by polymyxin B, different from the LPS-induced
enhancement.

Another interesting finding revealed that only anti-CD45RO
antibody suppressed p56lck expression in PMN. We noted that the
monoclonal anti-p56lck antibody was induced by immunization
with a 21·3-kDa fragment of the human p56lck N-terminal domain,
corresponding to amino acid residues 1–191. This epitope is far
from the C-terminal catalytic kinase domain of the Lck. Theo-
retically, there should be no changes of p56lck expression in anti-
CD45 isoform antibody-treated PMN. However, considering the
weak agglutinating activity of anti-CD45RO on PMN, it remains
possible that the agglutination of PMN by anti-CD45RO antibody
may increase the interaction of CD45RO and p56lck and finally
accelerates the decay of p56lck molecules.

Our results indicate that the three anti-CD45 isoform anti-
bodies possessed a wide spectrum of stimulating effects on neu-
trophils. These results are similar to those of Liles et al. [28] and
Gao et al. [30]. Liles demonstrated that cross-linking of CD45
resulted in a 30-fold increase in respiratory burst of normal neu-
trophils induced by FMLP, GM-CSF or TNF-a. They postulated
that CD45 mediated coupling of specific cell surface receptors to
downstream tyrosine kinase-dependent signal-transducing path-
ways in activated neutrophils. Hoffmeyer et al. [34] further iden-
tified that the specific surface receptors that can be coupled by
anti-CD45 were low-affinity FcgRIIa and FcgRIIIb. In addition,
Gao et al. [30] showed clearly that cross-linking of CD45
enhenced IL-6 production of PMN. The co-cross-linking of 
CD45 and FcgRII further increased IL-6 production of PMN.
However, the FcgRII cross-linking-mediated protein tyrosine
phosphorylation and F-actin polymerization were down-
regulated inversely in PMN after co-cross-linking with CD45. Our
results showed that anti-CD45 isoform antibodies stimulated 
IL-8 and TNF-a gene expression of PMN. Undoubtedly, CD45
ligation may play an essential role in proinflammatory cytokine
gene expression and production that led to inflammatory reac-
tions. Whether CD45-mediated human neutrophil stimulation is
through FcgR is not explored in this study. The reason why 
anti-CD45RO mediated broader effects on neutrophils than anti-
CD45 and anti-CD45RA is also not clear at present. We specu-
late that the immunochemical property of anti-CD45RO per se
rendered the difference because (1) only the antibody can agglu-
tinate PMN weakly and (2) the IgG subclass of anti CD45RO
(clone UCHL1 IgG2a) was different from anti-CD45 (clone J-33,
IgG1) and anti-CD45RA (clone ALB11, IgG1) that may differ in
co-cross-linking activity with FcgR on PMN. In conclusion, we are
the first to identify the biological functions of CD45 and its two
isoforms, CD45RA and CD45RO, on PMN. Our results suggest
that binding of these three CD45 isoforms with their specific 

antibodies activate different PMN functions by differential sup-
pression on protein tyrosine phosphorylation and p56lck protein
tyrosine kinase.
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