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ABSTRACT.
CD53 is a member of a novel family ofmolecules with four presumably membrane-spanning domains.
The structure and functional characteristics of these molecules indicate that they may play an important role in
transmembrane communication. We therefore investigated whether CD53 is involved in activation of human
leukocytes. Cross-linking of cell-bound F(ab’)2 fragments of twodifferent anti-CD53 mAb with F(ab‘)2 anti-mouse
Ig led to cytoplasmic calcium fluxes in B cells, monocytes, and granulocytes and activation of the monocyte
oxidative burst. These responses were specific for CD53, as cross-linking of C D l l a, CD18, CD35, CD43, CD44,
CD45, or CDw50 did not induce leukocyte activation. Low concentrations of staurosporine (1 0 to 20 nM) completely inhibitedPMA-mediated activation, but had no effect on CD53-mediated calciumfluxes and inhibited only
partially CD53-mediated oxidative burst. This suggests that CD53-mediated signaling is largely independent of
protein kinase C. CD53-mediated calcium fluxes were inhibited by high concentrations of staurosporine (300 to
500 nM) but not byADP-ribosylating toxins, suggesting dependence on tyrosine kinases rather than GTP-binding
proteins. The results indicate that CD53, like several other leukocyte Ag withfour membrane-spanning regions, has
the ability to mediate cell activation, and support the view that these molecules are involved in transmembrane
communication. Journal of Immunology, 1993, 151 : 707.

T

he CD53 leukocyte Ag belongs to a novel family
of cell membrane molecules consistingof a single
polypeptide with a large extracellularloop and
four presumably membrane-spanning regions (1-3). The
characteristic topologyof these proteins seemsto be highly
conserved during evolution and resembles that of certain
receptors and transport
molecules
(1,
3).
CD53-like
molecules have therefore been suggested to play important
roles in cell biology, possibly thoseof transmembrane communication (3, 4). This hypothesis has been strengthened
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by results showing that mAb to members of this family,
including CD9, CD37, CD63 (ME491), and TAPA-1, have
effects on activation of platelets, leukocytes,and melanoma
cells (5-1 1). Coupling of the CD53 homologue, 0 x 4 4 , to
signal transduction pathways in rat T cells and NK cells
may further indicate that
CD53 isinvolved in cell activation
(12).
The present study investigated the possibility that the
CD53 molecule on human leukocytes may have receptorlike characteristics in functional assays. F(ab’)* fragments
of anti-CD53 mAb were used in combination with F(ab’):!
anti-mouse Ig to induce specific cross-linking of CD53 in
leukocyte plasma membranes. Anti-CD53-inducedcell activation was monitored by multiparameter measurements
of
cytoplasmiccalciumlevels
and activation of oxidative
burst in monocytes, granulocytes, and lymphocyte subsets.
The activation pathway of CD53-mediated responses was
compared with those of anti-CD3, anti-IgM, FMLP, and
PMA by measuring cellular responses in the presence of
inhibitors of signal transduction.

708

CD53-MEDIATED
SIGNALING

Materials and Methods
Reagents

PBS-Ca3 or PBS, FCS, pertussis toxin, cholera toxin, and
FMLP were from Sigma Chemicals (St. Louis, MO). Pertussis toxin was dissolved in 50% glycerol and dialyzed
against PBS with 5 mM glucose before use. Cholera toxin
was dissolved in sterile PBS and stored at 4°C. Dihydrorhodamine 123 andFurared-AMwere
from Molecular
Probes (Eugene, OR). EGTA, PMA, and CytB were from
Fluka (Buchs, Switzerland). Dispase, DNase I, and staurosporine were from Boehringer Mannheim (Mannheim,
Germany). Genistein was from ICN Biochemicals (Costa
Mesa, CA). Staurosporine (100 pM), CytB (10 mM),
FMLP (20 mM),dihydrorhodamine123
(30 mM), Fura
red-AM (2 mM), and genistein (20 mg/ml) were dissolved
in dry DMSO (Merck, Darmstadt, Germany) and stored in
aliquots at -20°C (or -70°C for dihydrorhodamine 123).
On the day of each experiment DMSO containing genistein
was diluted 1:20 in FCS and immediately further in PBS
1:20 to obtain maximal solubility. The solvent concentrations were less than 0.5% in final dilutions. All salts used
in laboratory-made solutions, were analytical grade
from
Merck.
Polyclonal secondary antibodies

Fluorochrome-conjugated
and
unconjugated
GAM",
GAM-HL, and GAM-Fc were generously provided by
Jackson Immunoresearch (West Grove, PA). All had been
adsorbed against human, bovine, horse, and rabbit serum
proteins. Fluorochrome-conjugated antibodies specific for
mouse Ig subclasses werefrom Caltag(San Francisco,CA).
Unconjugated secondary antibodies wereused in final concentrations of 50 to 100 Fg/ml, whereas conjugated antibodies were used at 20 pg/ml in PBS containing 2% FCS
and 5 rnM glucose (solution referred to as PBS-FCS) and
0.1% sodium azide. Polyclonal anti-human IgM was from
DAKO (Copenhagen, Denmark).
mAb

Two CD53 mAbwere used, HD77 (kindly supplied by Dr.
G. Moldenhauer, German CancerResearch Center, Heidelberg, Germany) and MEM-53 ( I ) . mAb to other Ag were
MEM-92 (IgM, CD3), MEM-25 (IgG 1, CD 1 1a), MEM-48
(IgG1, CD18), MEM-59 (IgGI, CD43), MEM-85 (IgG2b,
CD44), MEM-28 (IgG1, CD45). 68-5A5 (IgGI, CD18),
33-3B3 (IgG1, CD43), and 140-1 I (IgGab, CDw50) were
generously provided by Dr. R. Vilella (Clinic i Provincial,
'Abbrevldtions used in thls p'lper: PBS-Ca, PBS with calcium and magnesium; CytB, cytochalasin B; CAM".
F(ab')> fragments of goat antibod~eslo
mouse IgM, p-chaln specii~c;
CAM-HL, F(ab'IL fragments of goat antibodies to
mouse IgC H and L chains; CAM-Fc, F(ab')2fragments of goat antibodies to
mouse IgG, Fc-specific; PBS-FCS, PBS with 2% FCS and 5 mM glucose; PBSFCS-Ca, PBS with calclum, magneslum, 2"h FCS and 5 mM glucose.

IN B CELLS AND MONOCYTES

Barcelona, Spain).ML-2 (IgG2a, CD24) was a gift from Dr.
S. Funderud (The Norwegian Radium Hospital, Oslo, Norway). KB6I (IgG 1, CDw32) was kindly providedby Dr. K.
Pulford(JohnRadcliffeHospital,Oxford,
UK). FITCconjugated and unconjugated 3g8 (IgG1, CD 16), ION3 1
(IgG 1, CD3 I), 2E1 (IgG2a, CDw32), J3D3 (IgG1, CD35)
were from Immunotech (Marseilles, France). IV.3. (IgG2b,
CDw32) was from Meda Rex (West Lebanon, NH). Leu4-FITC (IgG1, CD3) wasfrom Becton Dickinson(San
Jose, CA). All mAb were diluted in PBS-Ca containing 5
mM glucose, 2% FCS (PBS-FCS-Ca), and 0.1% sodium
azide and used at concentrations giving the maximal fluorescent staining and minimal cell aggregation
as determined by flow cytometry.
Preparation of F(ab'), fragments of IgG mAb

IgG (ascites 1: 10 in 0.02 M phosphate buffer, pH 7.4) was
purified on a protein A-Sepharose 4fast flow column (Pharmacia, Stockholm, Sweden). F(ab'), fragments were prepared as described by Parham ( 1 3 ) . The purity of F(ab')2
fragments was demonstrated by measuring a >99% reduction in cell staining with phycoerythrin-conjugated antibodies to the Fc part of mouse IgG, as compared with the
intact IgG mAb (data not shown).
Isolation of leukocytes

Heparin-anticoagulated venous blood was diluted
1:10 with
a solution containing 0.8% NH4Cl, 0.08% NaHC03, and
0.08% EDTA, pH 6.8, at 15 to 20°C. Following lysisof red
cells, leukocytes were sedimented by centrifugation at 160
X g for 5 min. The pellet was resuspended in 10 ml of the
lysingsolution,thecellscentrifugedagain,and
finally
washed once in PBS-FCS.
Isolation of tonsillar lymphocytes

Human tonsils were obtained from patients undergoing surgical tonsillectomy. The tissue was cut in small pieces and
incubated in PBS containing 1.5 mgiml dispase for 30 min
at 37°C. After incubation the supernatant containing lymphocytes was removed. This procedure was repeated up to
five times. Isolated cells were treated with DNase I at 0.1
mg/ml for 5 min at 37°C before remaining red cells were
lysed as described above. The cells were then washed once
in PBS-FCSandfiltered
through a 40-pM filter (Nytal
Seidengaze Fabrik, Switzerland).
Cell lines

The U698 B cell line was kindly provided by Drs. Steinar
Funderud and Erlend Smeland, The NorwegianRadium
Hospital, Oslo.
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Immunofluorescence

Leukocyte pellets were incubated with mAb at 20°Cfor 45
min, washed twice, and stained with 10 p1 of fluorochromeconjugated secondary antibodies for 30 min on ice. Igsubtype-specific secondary antibodies conjugated to FITC
or phycoerythrin were used to allow two-color immunofluorescence. The antibody-labeled cells were washed, resuspended in ice-cold PBS-FCS-Ca, and analyzed by flow
cytometry.
Measurement of cytoplasmic calcium fluxes and
immunofluorescence

Isolated leukocytes were loaded with PBS-FCS-Ca containing 1 pM Fura red at 37°C for 25 min, washed once in
PBS-FCS-Ca, transferred to microwell plates, and pelleted
(14). The cells were then stained indirectly with anti-CD43
and GAM-Fc-FITC. Immunostained leukocytes were
washed and resuspended in 20 pl PBS-FCS-Ca containing
F(ab’)zfragments of various mAb. The cells were then kept
at 22°C for a minimum of 30 min before flow cytometric
measurement. After this time interval, samples could be
kept for at least 3 h without changes in FITC fluorescence
or cellular responsiveness to any given stimulus (data not
shown). Three minutes before measurement, the antibody/
cell suspension was transferred to a microcytometry tube
(Robbins Scientific, Mountain View, CA) containing 200
pl of prewarmed PBS-FCS-Ca and incubated at 37°C. The
sample was then placed in a laboratory-made flow cytometry chamber holding 37°C (14). B lymphocytes and nonB-lymphocytes were identified as CD43weak/negative
and
CD43bright
respectively (Fig. 2, top) (15). Twenty p l of PBS
containing secondary antibodies or other stimuli were
added after 30 to 40 s of measurement (Fig. 2). Calcium
fluxes were measured by gated analysis of Fura red fluorescence from lymphocyte subsets (Fig. 2). Separate experiments with two-color immunofluorescence showed that
>90% of the CD43-weakhegative lymphocyte population
expressed high levels of the B cell Ag CD24, whereas < 1%
of the CD43 bright population were positive for CD24
( n = 3, data not shown). The anti-CD43 mAb did not induce cytoplasmic calcium fluxes when cross-linked with
GAM-HL or change lymphocyte responsiveness to other
stimuli such as anti IgM or anti-CD3 (Fig. 2 and data not
shown). Measurements of cytoplasmic calcium fluxes in
tonsillar lymphocytes or U698 cells were performed as for
blood leukocytes, except that these cells were not stained
with anti-CD43 (data not shown). Amplitudes of the calcium fluxes were calculated by dividing the lowest poststimulated Fura red fluorescence by the mean prestimulated
value (14). Based on experiments with positive and negative controls, a rapid decrease of 15% or more in the Fura
red fluorescence after addition of stimuli was considered
significant of a cytoplasmic calcium flux.

Measurement of cytoplasmic calcium fluxes and
oxidative burst

Simultaneous flow cytometric measurement of monocyte
and granulocyte cytoplasmic calcium fluxes and activation
of the oxidative burst was performed by using Fura red and
dihydrorhodamine 123 (14, 16). Fura red-loaded leukocytes were washed once in PBS-FCS-Ca, transferred to microwell plates, and pelleted. Twenty p1 of mAb solution
was added to each pellet, the cells resuspended by whirlmixing, and kept at 22°C for a minimum of 30 min before
flow cytometric measurement. The cells could be kept in
this 2 0 - 4 suspension for at least 4 hwithout changes in the
responsiveness to positive and negative controls (data not
shown). Before measurement the samples were preincubated with 100 ~1 of prewarmed PBS-FCS-Ca at 37°C for
2 to 3 min. One hundred p1 prewarmed PBS-FCS-Ca containing 20 pg/ml dihydrorhodamine 123 was then added
and the tube was immediately placed in the thermostatcontrolled flow cytometry sample chamber. During flow
cytometric analysis, monocytes and granulocytes were
identified by measurements of light scatter (14), and Fura
red- and rhodamine 123 fluorescence gated vs time to separate cytograms (Fig. 4 and data not shown). Twenty pl of
PBS containing secondary antibodies or other stimuli were
added after 30 to 40 s of measurement (Fig. 4). The calcium
fluxes were analyzed as described above. The amplitudes
of the oxidative bursts were calculated by the following
formula: A rhodamine 123 fluorescence = (F stim - F
pbs)/F to, where F stim = rhodamine 123 fluorescence 7.5
min after addition of stimulus to mAb-labeledhnlabeled
cells; F pbs = rhodamine 123 fluorescence 7.5 min after
addition of PBS to unlabeled cells and F to = rhodamine
123 fluorescence at start of measurement. Based on experiments with positive and negative controls, an increase
in rhodamine 123 fluorescence that was more thantwofold
higher than the increase seen in unstimulated cells, was
considered significant of an oxidative burst.
Inhibition of signal transduction

For inhibition of calcium influx, leukocytes were suspended inPBS-FCS-Ca and diluted 1:2 with PBS-FCS containing 4 mM EGTA immediately before flow cytometric
measurement. For inhibition of G-protein function, leukocytes were preincubated at37°C for 2.5 h in PBS-FCS
containing 2 pg/ml pertussis toxin or 100 ng/ml cholera
toxin, the last 30 min with 1 p M Fura red-AM. For inhibition of protein kinases, leukocytes were preincubated
with prewarmed PBS-FCS-Ca containing various concentrations of staurosporine or genistein at 37°C before addition of stimulus. Initial experiments showed a 3-min preincubation period
was
sufficient to obtain maximal
inhibition at the concentrations of protein kinase inhibitors
used in this study (data not shown). Control experiments

710

FIGURE 1. Flow cytometric measurement of CD53 expression on leukocyte subsets. Lymphocytes (lymph),
monocytes
(mon),
and
granulocytes
(gran) were recognized by combined
measurement of 90" light scatter and
anti-CD53-PE (MEM-53 F(ab')*) (top
right). The top leftdiagram shows antiCD53-PE vs CD3+CD16-FITCthe
for
lymphocyte population. The bottom
diagrams
show
staining of the same
cell populations with F(ab'),
fragments
of polyclonal normal mouse IgG
(mlgG). The
results
are
representative
of three experiments.
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granulocytes and T cells, whereas NK cells were
CD53i,temediate(Fig. 1). A similar differential staining of
leukocytes was observed for another anti-CD53 mAb,
HD77 (data not shown).

Flow cytometry

Measurements of calcium fluxes and oxidative burst were
performed with a Coulter Epics V flow cytometer (Coulter
Electronics, Luton, UK) interfaced to a CICERO PC-based
data acquisition and analysis system (Cytomation, Englewood, CO). The excitation source was a 488-nm argon laser. A 530 nM band-pass filter was used for detection of
rhodamine 123 or FITC fluorescence, and a 630 long-pass
filter for Fura red. Measurements of immunofluorescence
were performed with a FacSCAN flow cytometer with
standard filter setup (Becton Dickinson, San Jose, CA).
Statistical evaluation

Significance of difference was determined by paired Students t-tests.

Results
Expression of CD53 on peripheral blood leukocytes

B cells, T cells, NK cells, monocytes, and granulocytes
were identified by combined measurement of light scatter
and CD3 + CD16 FITC (Fig. 1 and data not shown). Monocytes and B cells stained most intensively with anti-CD53
F(ab')z (MEM-53). The weakest staining was observed for

Cross-linking of CD53 induces a cytoplasmic
calcium flux in B lymphocytes

Initial studies showed that about 10 to 15% of peripheral
blood lymphocytes responded with a calcium flux after
cross-linking of cell-bound F(ab')z fragments of anti-CD53
mAb (data not shown). To characterize this subset, combined measurements of immunofluorescence and cytoplasmic calcium levels were performed. After staining of leukocytes with anti-CD43/GAM-Fc-FITC, B cells were
identified as CD43weuw,,gative
lymphocytes. The majority
of cells in this population responded with a calcium flux to
anti-human IgM, but not toanti-CD3, whereas the opposite
was observed for the majority of CD43b~ght
lymphocytes
(Fig. 2). When anti-CD43/GAM-Fc-FITC-stained leukocytes were labeled with F(abo2 anti-CD53 (MEM-53), the
CD43weawnegative
lymphocyte population responded uniformly with a calcium flux after cross-linking with GAMHL, whereas no response was seen among CD43btigt,t lymphocytes. No response was seen if PBS was added instead
of GAM-HL or when GAM-HL was added in the absence
of anti-CD53 mAb (Fig. 2 and data not shown). This indicates that cross-linking of the Ag was necessary for activation. The decrease in Fura red fluorescence after cross-
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linking of CD53 leads to a calcium flux comparable to that
induced by cross-linking ofwell characterized receptor
molecules. The duration of the response was typically
longer in anti-CD53 stimulated cells than anti-IgM stimulated cells (Fig. 2). Calcium fluxes induced by anti-human
IgM or anti-CD3 were not altered when cells were labeled
with anti-CD53 mAb (data not shown). Results similar to
those observed for MEM-53 were also seen when F(ab')*
fragments of another mAb toCD53, HD77, were used, and
intact mAb (ascites and purified mAb) gave the same results as F(ab')2 fragments (data not shown).
No calcium fluxes were observed after cross-linking of
cell-bound mAb to several other Ag expressed by B cells,
including two mAb to the FcyRII (CDw32) (-61
or 2E1)
and CDlla, CD18, CD31, CD35, CD44, CD45, or CDw5O
(n = 3, data not shown). These results suggest that induction of calcium fluxes was a specific characteristic of mAb
to CD53 and further document that the responses are independent of the B cell FcyR.
Results similar to those obtained with CD43,eawnegative
peripheral blood lymphocytes were observed for tonsillar
lymphocytes and U698 B cells (Fig. 3 and data not shown).
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FIGURE 2. Flow cytometric measurement of cytoplasmic
calcium fluxes in human lymphocyte subsets. Top, recognition of lymphocyte subsets by combined measurement of 90"
light scatter and CD43-FITC fluorescence. Bottom, Fura red
fluorescencegated vs time from B lymphocytes (left) and
non-B lymphocytes (right). GAM-HL, anti-human IgM, or
anti-CD3 was added at indicated time points (arrows). The
diagrams are taken from a single experiment and are representative of four performed.

linking of CD53 was 50 -+ 4% and similar to the 45 ? 5%
decrease observed after addition of anti-IgM (mean 5
SEM, n = 4). This demonstrates that the response to cross-

Cross-linking of CD53 induces a cytoplasmic
calcium flux and activation of the oxidative burst in
monocytes

Addition of GAM-HL to leukocytes preincubated with antiCD53 F(ab'):! (MEM-53) induced a rapid decrease in
monocyte Fura red fluorescence of 61 -C 4% indicating a
cytoplasmic calcium flux (Fig. 4) (mean +- SEM, n = 8).
The cytoplasmic calcium flux was followed by an increase
in monocyte R123 fluorescence relative to unstimulated
cells, indicating activation of the oxidative burst (Figs. 4
and 5). If PBS was added instead of GAM-HL, or if
GAM-HL was added to unlabeled cells, no responses were
seen suggesting that cross-linking of the Ag was necessary
for activation (Fig. 4 and data not shown). Stimulation of
MEM-53-labeled cells with 4 pM FMLP instead of
GAM-HL led to a 65 4% decrease in monocyte Fura red
fluorescence, indicating a calcium flux comparable to that
seen with cross-linking of CD53 (Fig. 4) (mean +- SEM,
n = 8). However, the FMLP-induced calcium flux was
associated with only low activation of oxidative burst compared with the response seen with GAM-HL (Figs. 4 and
5) ( p < 0.01, n = 8). The amplitude of the anti-CD53induced oxidative burst was higher than seen after crosslinking of CDw32 (FcyRII) with mAb IV.3 and GAM-HL
(Fig. 5) ( p < 0.05, n = 8). Addition of 4 pM FMLP/CytB
induced a response comparable to the CD53 mediated
burst, whereas 100 ng/ml PMA induced a more extensive
oxidative burst in monocytes (Fig. 5). Labeling with antiCD53 F(ab')2 did not change monocyte responsiveness to
FMLP, FMLP/CytB, or PMA (data not shown).
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F(ab')2
anti-CDS3
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antLCD3

+ GAM-HL
FIGURE 3. Flow
cytometric
measurement of cytoplasmic calcium fluxes (Fura
red) in human tonsillar lymphocytes. Cells
were preincubated with F(ab'), anti-CD53
(MEM-53) or PBS. GAM-HL, anti-human
IgM, or anti-CD3 was added at indicated
time points (arrows). The diagrams are
taken from a single experimentand are
representative of four performed.
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FIGURE 4. Flow
cytometric
measurement of cytoplasmic calcium flux (Fura
red) and oxidative burst (rhodamine 123)
in monocytes after cross-linking of CD53
or stimulation with 4 p M FMLP. Monocytes wererecognized
bylight
scatter
measurements (data not shown). Fura redloadedleukocytes were incubated with
anti-CD53 or PBS (right), resuspended in
prewarmed PBS-FCS-Ca containing 20
p g h l dihydrorhodamine 123, and analyzed at37°C. GAM-HL, 4 p M FMLP, or
PBS was added at indicated time points
(arrows). The results are from a single experiment and are representative of five
performed.
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Results similar to those observed with MEM-53 F(ab')z
were obtained whenusingF(ab');! fragments of HD 77
(anti-CD53) (data not shown). Both of these mAb also induced calcium fluxes and oxidative bursts in granulocytes
when cross-linked, but the responses in granulocytes were
considerably weaker than in monocytes and weaker than
after stimulation with FMLP or anti-CDw32 mAb (data not
shown). No calcium fluxes or oxidative bursts were observed in monocytes or granulocytes after addition of
GAM-HL to leukocytes prelabeled with F(ab')2 fragments
of mAb to CDlla, CD18, CD31, CD35, CD43, or CD45
(data not shown).
The CD53-mediated calcium flux in monocytes
involves release of calcium from intracellular stores
and is inhibited by staurosporine but not by
ADP-ribosylating toxins

Chelation of extracellular calcium ions by 2 mM EGTA led
only to a partial reduction in the amplitude of the MEM
534GAM-HL-induced calcium flux in monocytes (Fig. 6 ) .
This indicates that a substantial contribution to the response

1

2

3

4

comes from intracellular release of calcium ions. A similar
sensitivity to EGTA was seenfor the FMLP/CytB-induced
calcium response (Fig. 6). In contrast, there was a difference in the sensitivity of CD53- and FMLPKytB-mediated
calcium fluxes to the phosphorylation inhibitor staurosporine (Fig. 6). At concentrations above 100 nM, staurosporine inhibits several protein kinases including C kinases and
tyrosine kinases (17-19). In the presence of 500 nM staurosporine the CD53-mediated calcium flux was completely
blocked, whereas the FMLPKytB-induced response was
unaffected (Fig. 6 ) . This selective inhibition of CD53mediated calcium fluxes was not likely to be due to nonspecific toxic effects, as no inhibition of calcium fluxes or
oxidative bursts was observed when leukocytes were preincubated for 25 min with 500 nM staurosporine, washed
twice, labeled with mAb, and stimulated with GAM-HL
(data not shown). Preincubation with the G-protein inhibitor pertussis toxin revealed further differences between
CD53- and FMLP/CytB-mediated calcium fluxes. Doses of
pertussis toxin that led to a 99% and 50% inhibition of the
FMLPKytB-induced calcium response in granulocytes and
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FIGURE 5 . Oxidative burst (A rhodamine 123 fluorescence) in monocytes
after activation with anti-CD53(MEM53) F(ab'),/GAM-HL, anti-CDw32 (IV.3)/
GAM-HL, FMLP,FMLP/CytB,
or PMA.
The cells were activated as described in
the legend to Figure 3. A rhodamine 123
fluorescence was determined as described in Materials and Methods. Error
bars indicate SEM of five experiments.
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FIGURE 6. Inhibition of calcium fluxes induced in monocytes by stimulation with anti-CD53/GAM-HL or FMLP/CytB. The
cells were treated with inhibitors as described in Materials and Methods and stimulated as described in the legend to Figure
4. The results represent the amplitudesof the calcium fluxes in inhibitor-treated cellsin percentage of the amplitude ofuntreated
cells in the same experiments. The amplitudes were calculated as described in Materials andMethods. Error bars indicate SEM
of five experiments. The mean decrease in Fura red fluorescence of monocytes in the absence of inhibitors was 60 If: 5% and
65 ? 4% for anti-CD53 and FMLP/CytB, respectively (mean ? SEM, n = 5).

monocytes respectively, hadno effects onthe CD53mediated calcium flux in either cell type (Fig. 6 and data
not shown). Preincubation with cholera toxin had no effects
on calcium fluxes induced by either stimulus, although the
toxin was found to cause elevation of CAMPin leukocytes
(Fig. 6 and data not shown).
The CD53-mediated calcium flux in tonsillar B cells was
abolished in the presence of 300 nM staurosporine (data not
shown). The same concentration was needed for complete
inhibition of the anti-IgM-induced calcium flux, whereas
the anti-CD3-mediated calcium flux in peripheral blood T
cells was abolished in the presence of 100 nM staurosporine
(n = 3, data not shown). Genistein, another tyrosine kinase
inhibitor, was less efficient than staurosporine in inhibiting
anti-CD53, -IgM, or -CD3-induced calcium fluxes. When
used in concentrations up to 50 pg/ml, there was only inhibition of the late phase of the response, even when cells

were preincubated with the inhibitor for 20 min (data not
shown).
Cross-linking of CD53 induces an oxidative burst in
monocytes at concentrations of staurosporine that
abolish the PMA-mediated response

At concentrations between 1 and 20 nM, staurosporine has
selectivity for protein kinase C (14,20).We therefore compared the inhibitory effect of staurosporine on CD53- and
PMA-mediated responses to evaluate the importance of
protein kinase C for activation of the oxidative burst
through CD53. Results from these experiments showed
only 50% inhibition of the CD53-induced oxidative burst
at concentrations of staurosporine that abolished the PMAmediated oxidative burst (Fig. 7). In contrast, the CD53mediated oxidative burst was more sensitive to genistein,
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FIGURE 7. Inhibitory effect of staurosporine on oxidative burst induced in monocytes by anti-CD53/GAM-HL, FMLP/CytB,
or PMA. The cells were treated with the inhibitor as described in Materials and Methods and stimulated as described in the
legend to Figure 4. The results represent the A rhodamine 123 fluorescence (see Materials and Methods) in inhibitor-treated
cells in percent of the amplitude in untreated cells in the same experiments. Error bars indicate SEM of five experiments. The
mean A rhodamine 123 fluorescence of monocytes in the absence of inhibitors was 67 ? 5, 72 2 4, and 157 2 12 for
anti-CD53, FMLP/CytB, and PMA, respectively (mean 2 SEM, n = 5). The mean baseline rhodamine fluorescence was 2.0 2
0.1. at to for all samples, and 8.2 2 0.3 at 5 min in samples stimulated with PBS only (mean 2 SEM, n = 5).

an inhibitor with selectivity for tyrosine kinases (Fig. 8).
The oxidative burst induced by FMLPKytB in monocytes
showed similar sensitivityto staurosporine and genisteinas
the CD53-mediated response (Figs. 7 and 8).

Discussion
The presentstudyshowsthatcross-linking
of CD53, a
member of a family of molecules with four membranespanning domains, induces activationof human monocytes
and B cells. Several lines of evidence suggest that the observed responses are secondary
to the specific cross-linking
of CD53. 1) Cellactivationinduced by antibodycrosslinking was not likely to
be due to FcyR interactions as
purified F(ab')z fragments of antibodies were used in all
experiments. Furthermore, cross-linking of B cellFcyR did
not induce cytoplasmic calcium fluxes in this or previous
studies (2I). 2) Artifacts due topotential contaminations in
the mAb solutions are unlikely from the results showing
lack of responses in the absence of a secondary antibody
and by the weak oxidative burst when anti-CD53-labeled
cells were stimulated by FMLP instead of GAM-HL. 3)
Cell activation could be induced by two distinct mAb to
CD53, but not with mAb specific for a number of other Ag
present in similar density on B cells and monocytes. This
suggests that cell activation was not due to nonspecific coaggregation of surface molecules. As the responses seen
after
cross-linking
of CD53 had similar
or
higher
amplitudes than those inducedby FMLP orcross-linking of
surface IgM or monocyte FcyRII, the results collectively

suggest that CD53 is capable of mediating cell activation
of similar magnitude as known receptor molecules.
The mAb to CD53 did not induce activation of all cells
expressing the Ag. Monocytes responded strongly anduniformly with a calcium flux andan oxidative burst, whereas
granulocytes responded onlywith a weak calcium flux. Although our data do not exclude the possibility that minor
subsets of non-B-lymphocytes are presentin the responding
population, a clear difference was observed between B cells
and T cells with regard to anti-CD53 responsiveness. An
explanation forthe cell type-dependent activating effectsof
anti-CD53 mAb may the higher expression of CD53 on B
cells and monocytes as compared with the majority of nonB-lymphocytes and granulocytes (Fig.1). Alternatively, the
anti-CD53-induced responses could be dependent on the
association between CD53 and other cell membrane components specifically expressedby the responding cell types.
Associationswithreceptors
or receptor-likemembrane
components have been shown for other human leukocyte
Ag with four membrane-spanning domains, includingCD9
and TAPA- 1 (1 I , 22). In rat NK and T cells, the CD53
homologue, 0 x 4 4 , is noncovalently coupled to the CD2
Ag, andthis association may be important for the functional
effects of anti-OX44 mAb ( 12). As human B cells, monocytes, and granulocytes do not express the CD2 Ag, it is
likely that CD53-mediated signalingin these cells involves
a CD2-independent mechanism. Receptor molecules that
mayassociate with CD53 in humanleukocytesshould,
however, be sought in membranes of B cells and monocytes.
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FIGURE 8. Inhibitory effect of genistein on oxidative burst induced in
monocytes by anti-CD53/GAM-HL,
FMLP/CytB, or PMA. The mean A
rhodamine 123 fluorescence of monocytes in the absence of inhibitors was 71
? 6, 74 ? 5, and 165 ? 14 for antiCD53, FMLP/CytB, and PMA, respectively (mean ? SEM, n = 5). The mean
baseline rhodaminefluorescencewas
1.8 ? 0.1 at to for all samples, and 7.8 t
0.2 at 5 min in samples stimulated with
PBS only (mean ? SEM, n = 5). See
legend to Figure 7.

1

0

T

10

20

30

40

50

60

GENISTEIN pg/ml

Although the mechanism that couples CD53 to cell activation remains to be determined, the results from our experiments with inhibitors of signal transduction give important indications. The
ability of anti-CD53/GAM-HL and
FMLP/CytBtoinducecytoplasmiccalciumfluxes
in
monocytes in the presence of EGTA suggests involvement
of phospholipase C and inositoltrisphosphate in both signaling pathways(23).However,whereasFMLP/CytBinduced calcium fluxes were sensitive to the G-protein inhibitor pertussis toxin
and
unaffected
by
the
phosphorylation inhibitor staurosporine, the opposite was observed for the response to anti-CD53/GAM-HL.
A possible
explanation for these results is that a protein kinase is involved in the activation of phospholipase C through CD53,
whereas the monocyte FMLP receptor activates the phospholipase independentlyof phosphorylation through a pertussis toxin-sensitive G-protein. As the concentrations of
staurosporine that blocked CD53-mediated signalingwere
5- to 10-fold higher than those that completely blocked
PMA-induced activation, it is likely that CD53-mediated
signaling is largely independent of protein kinase C (Figs.
6 and 7). Involvement of tyrosine kinases is possible as
earlierstudiesshow
that staurosporine inhibits tyrosine
phosphorylation of phospholipase Cy1 when used at 300
nM (19), i.e., the same concentration that blocked CD53mediated calcium fluxesin B cells in the present study.This
concentration of staurosporine was also found block
to calcium fluxes induced by anti-IgM, which is known to be
dependent on tyrosine phosphorylation (24). The fact that
a higher concentration of staurosporine was necessary to
block CD53-mediated calcium fluxes in monocytes may
reflect cell type-dependent differences in the tyrosine kinases that are involved in early signaling. The difference
in
the inhibitory concentrations of staurosporine for CD3- and
IgM-mediated calcium fluxes in T cells and B cells, which
both depend on tyrosine kinases, supports this explanation

(24). The data from theinhibitor studies therefore suggest
that CD53 shares early signaling pathways with surface
IgM and indicate that tyrosine kinase activity may be
an
early event after cross-linking of the Ag.
The present study on CD53-mediated signaling extends
previously published results on the function of molecules
with four membrane-spanning domains. Anti-CD9 mAb
have longbeen known toaffect platelet activation(5,6,22).
mAb to CD9 and CD37 have
been shown to influence human B cell aggregation and proliferation, respectively (7,
8). Another B cell molecule in the same family, TAPA-I,
was identified by screening of mAb for inhibitory effects
on proliferation of B-lymphoma cells (1 I ) . The mAb IA4,
which recognizes a molecule with four
membranespanning domains on B cell lines and monocytes, has also
been shown to have effects oncell activation (25). Results
showing mAb-induced nuclear uptake of CD63 (ME491)
and inhibition of transcription in melanoma cells have led
to the hypothesis that this Ag may represent a receptor for
a growth factornot yet described(9). ACD63-like molecule
on rat basophilic leukemia cellsmay be functionally linked
to the IgE-FcR (26).
Particularly interesting for the present
study are the results described in a recent article in which
a large panel of mAb were screened for their ability to
induce activation of phosphatidylinositol signaling in rat
NK cells (12). Only the rat CD53 homologue, 0 x 4 4 , and
two other Ag were identified as signal transducing molecules (12). Our results therefore support the hypothesis of
a possible receptor function for CD53,based on studies of
its structure and reported functions of similar molecules,
including the CD53 homologue on rat leukocytes.
In conclusion, thepresent study showsthat cross-linking
of CD53 induces activation of human B cells and monocytes. The results support the view that leukocyte membraneAgwith
fourmembrane-spanning regions areinvolved in transmembrane communication.

71 6

CD.53-MEDIATED
SIGNALING

Acknowledgments
The authors thank Prof.
Holm Holmsen, Prof. Ole Didrik Lserum, andDrs.
Leon Terstappen and Robert Bjerknes for reviewing the manuscript, and
Tor Christensen for help
with the preparation of figures.
We also thank Drs.
R. Vilella, G. Moldenhauer,S. Funderud, andK. hlford for their generous
gift of mAb, and Drs. E.Smeland and S. Funderud for kindly providing
tl e U-698 cell line. We are further indebtedto Jackson Immunoresearch
Affor making the work possible through their generous supply of the
finipure and Affinisorbed secondary antibodies, which were used for all
immunofluorescence and cross-linking experiments.

References
I. Angelisova, P., C. Vlcek, I. Stefanova, M. Lipoldova, and V.
Horejsi. 1990. The leukocyte surface antigen CD53 is a protein structurally similar to the CD37 and MRC OX-44 antigens. Immunogenetics 32:281.
2. Amiot, M. 1990. Identification and analysis of cDNA clones
encoding CD53. Apanleukocyte antigen related to membrane
transport proteins. J. Immunol. I45:4322.
3. Horejsi, V., and C. Vlcek. 1991. Novel structurally distinct
family of leucocyte surface glycoproteins including CD9,
CD37, CD53 and CD63. FEBS Lett. 288:l.
4. Schwartz-Albeiz, R., B. Dorken, W. Hofmann, and G. Moldehauer. 1988. The B-cell-associated CD37 antigen (gp-4052). Structure and subcellular expression of an extensively
glycosylated glycoprotein. J. Immunol. 140:905.
5 Boucheix, C., C. Soria, M. Mirshari, J. Soria, J. Perrot, N.
Fournier, M. Billard, and C. Rosenfeld. 1983. Characteristics
of platelet aggregation induced by the monoclonal antibody
ALB6 (acute lymphoblastic leukemia antigen p24). FEBS
Lett. 161:28Y.
6. Hato, T., M. Sumida, M. Yasukawa, A. Watanabe, H. Okuda,
andY. Kobayashi. 1990. Induction of platelet Ca2+influx and
mobilization by monoclonal antibody to CD9 antigen. Blood
75:1087.
7. Masellis-Smith, A., G. S. Jensen, J.G. Seehafer, J. R. Slupsky,
and A. R. E. Shaw. 1990. Anti-CD9 monoclonal antibodies
induce homotypic adhesion of pre-B cell lines by a novel
mechanism. J. Immunol. 144:1607.
8. Ledbetter, J. A., G. Shu, and E. A. Clark. 1987. Monoclonal
antibodies to a new gp40-45 (CD37) B-cell associated cluster
group modulate B-cell proliferation. In Leukocyte Typing III:
White Cell Differentiation Antigens. A. J. McMichael, ed.
Oxford University Press, Oxford, p. 339.
9. Rakowicz-Szulczynska, E. M., and H. Koprowski. 1989. Nuclear uptake of monoclonal antibody to a surface glycoprotein
and its effect on transcription. Arch. Biochem. Biophys. 271:
366.
10. Oren, R., S. Takahashi, C. Doss, R. Levy, and S. Levy. 1990.
TAPA- I , the target of an anti-proliferative antibody, defines
a new family of transmembrane proteins. Mol. Cell. Biol.
10:4007.
11. Takahashi, S., C. Doss, S. Levy, and R. Levy. 1990. TAPA-I
the target of an anti-proliferative antibody is associated on the
cell surface with the Leu- 13 antigen. J. Immunol. 145:2207.
12. Bell, G. M., W. E. Seaman, E. C. Niemi, and J. B. Imboden.
1992. The OX-44 molecules couples to signaling pathways
and is associated with CD2 on rat T lymphocytes and anatural
killer cell line. J. Exp. Med. 175:527.
13. Parham, P. 1986. Preparation and purification of active fragments of mouse monoclonal antibodies. In Handbook ofEx-

IN

B CELLS AND MONOCYTES

perimental Immunology. D. M. Weir, L. A. Herzenberg, C.
Blackwell, and L. A. Herzenberg, eds. Blackwell Scientific
Publications, Oxford, pp. 14.1.-14.15.
14. Lund-Johansen, F., and J. Olweus. 1992. Signal transduction
in human monocytes and granulocytes measured by multiparameter flow cytometry. Cytometty 13:6Y3.
15. Hadam, M. R., and M. Othmer. 1989. CD43 antibodies may
be used for negative enrichment of B-cells. In Leukocyte Typing IF White Cell Dlfferentiation Antigens. W. Knapp, B.
Dorken, W. R. Gilks, E. P. Rieber, R. E. Schmidt, H. Stein,
and A. E. G. K. von dem Borne, eds. Oxford University Press,
Oxford, p. 612.
16. Rothe, G., A. Oser, and G. Valet. 1988. Dihydrorhodamine
123: A new flow cytometric indicator for respiratory burst
activity in neutrophil granulocytes. Nafunvissenschaften 75:
354.
17. Ruegg, U. T., and G. M. Burgess. 1989. Staurosporine, K-252
and UCN-01: potent but nonspecific inhibitors of protein kinases. Trends Phamacol. Sci. 10:218.
18. Yamashita, Y.,H. Hasegawa-Sasaki, and T. Sasaki. 1991.
Suppression by staurosporine of Ca2+ mobilization triggered
by ligation of antigen-specific receptors on T and B lymphocytes. FEBS Lett. 288:46.
19. Yamada, K., C. L. Jelsema, and M. A. Beaven. 1992. Certain
inhibitors of serinekhreonine kinases also inhibit tyrosine
phosphorylation of phospholipase Cy1 and other proteins and
reveal distinct roles for tyrosine kinases and protein kinase C
in stimulated rat basophilic RBL-2H3 cells. J. Immunol. 149:
1031.
20. Sako, T., A. I. Tauber, A. Y. Jeng, S. H.Yuspa, and P. M.
Blumberg. 1988. Contrasting actions of staurosporine, a protein kinase C inhibitor on human neutrophils and primary
mouse epidermal cells. Cancer Res. 48:4646.
21. Maclntyre, E. A,, P. J. Roberts, R. Abdul-Gaffar, K. O’Flynn,
G. R. Pilkington, F. Farace, J. Morgan, and D. Linch. 1988.
Mechanism of human monocyte activation via the 40kDa Fc
receptor for IgG. J. Immunol. 141:4333.
22. Slupsky, J. R., J. G. Seehafer, S. C. Tang, A. Masellis-Smith,
andA. R. E. Shaw. 1989. Evidence that monoclonal antibodies against the CD9 antigen induce specific association
between CD9 and the platelet glycoprotein IIb, IIIa complex.
J. Biol. Chem. 264:12289.
23. Bemdge, M. J., and R. F. Irvine. 1989. Inositol phosphates
and cell signalling. Nature 341:197.
24. Lane, P. J. L., J. A. Ledbetter, F. M. McConnell, K. Draves,
J. Deans, G. L. Schieven, and E. A. Clark. 1991. The role of
tyrosine phosphorylation in signal transduction through surface Ig in human B cells. Inhibition of tyrosine phosphorylation prevents intracellular calcium release. J. Immunol. 146:
715.
25. Gil, M. L., N. Vita, S. Lebel-Binay, B. Miloux, P. Chalon, M.
Kaghad, C. Marchiol-Foumigault, H. Conjeaud, D. Caput, P.
Ferrara, D. Fradelizi, and A. Quillet-Mary. 1992. A member
of the tetraspans transmembrane protein superfamily is recognized by a monoclonal antibody raised against anHLA
Class 1 deficient, lymphokine-activated killer-susceptible, B
lymphocyte line. J. Immunol. 148:2826.
26. Kitani, S., E. Berenstein, S. Mergenhangen, P. Temps, and R.
P. Siraganian. 199I . A cell surface glycoprotein of rat basophilic leukemia cells close to the high affinity IgE receptor
(FceRI). J. Biol. Chem. 266:1903.

