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Decrease of CD93 expression on the human monocyte-like cell line
U937 treated with anti-Fas monoclonal antibody

Nobunao IKEWAKI Kazuhiko OHYA*®

Abstract

Human CD93, a receptor for complement component 1, subcomponent q (C1gRp), was shown to be
selectively expressed by cells of a myeloid lineage, and was originally reported to be involved in the
Clg-mediated enhancement of phagocytosis in innate and adaptive immune responses. The modulation
of CD93 expression also has been investigated in various cells, in particular, in granulocytes and
monocytes. However, its modulation in myeloid cells with apoptotic properties remains poorly
understood. In this study, using flow cytometry and two types of CD93 monoclonal antibodies (mAbs),
mNI-11 and X-2, we demonstrated the modulation of CD93 expression on the human monocyte-like cell
line (U937) treated with an anti-Fas mAb, a substance for induction of apoptosis through the Fas/Fas
ligand (FasL) system. The U937 cells expressed an apoptosis-related molecule, APO 2.7 after treatment
with the anti-Fas mAb, and the expression of CD93 defined by mNI-11 or X-2 mAb on these cells was
dramatically decreased. Furthermore, the decrease of CD93 expression on the U937 cells treated with
anti-Fas mAb occurred in a time-dependent manner. Taken together, theses findings suggest that the
decrease of CD93 expression on the U937 cells treated with anti-Fas mAb would be a good model for
analyzing immunological responses in myeloid cells with apoptotic properties under Clgq and CD93
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interactions.
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Introduction

Human CD93 is a receptor for complement component
1, subcomponent q (C1gRp), and was originally reported
to be involved in the Clg-mediated enhancement of
phagocytosis . CD93 has a molecular weight (m.w.) of
about 90- 100 kDa, and is a heavily O-glycosylated type
I transmembrane protein consisting of unique C-type
lectin domains ®. CD93 has been shown to be selectively
expressed on myeloid cells, such as granulocytes,
monocytes and endothelial cells, suggesting that this
molecule may be involved in some important biological
functions in several immune responses ¥,

The modulation of CD93 expression has been

investigated in a variety of cells, particularly in
granulocytes and monocytes, and rapid up-regulation of
the expression of this molecule by the inflammatory
peptide FMLP has been reported ®. We also reported that
CD93 on the human monocyte-like cell line (U937) was
strongly upregulated following exposure to the protein
kinase C (PKC) activator, phorbol myristate acetate
(PMA), and this regulation was controlled by the PKC
delta isoenzyme *°.

On the other hand, apoptotic cells induced by some
stimulants are continuously occurring in the living
organism, and in order to maintain homeostasis these
cells are scavenged by phagocytic cells, such as
granulocytes, monocytes and macrophages. As CD93 on
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myeloid cells is involved in Clg-mediated phagocytosis,
these cells with apoptotic properties cannot clear various
foreign antigens under Clg and CD93 interactions. In
addition, it has also been reported that scavenging of
apoptotic cells failed to occur in CD93-knock out mice "
Following these findings, analysis of the modulation of
CD93 expression on the myeloid cells with apoptotic
properties should deliver some important information
about the scavenging activity in several immune
responses. However, modulation of the CD93 expression
on myeloid cells with apoptotic properties currently
remains unknown.

Fas (APO-1: CD95) is a 45 kDa type I membrane
protein, and Fas ligand (FasL) is a 37- 40 kDa type 1I
membrane protein, both of which belong to the tumor
necrosis factor- ¢ (TNF-a) receptor and ligand families'™
"%, Activation of Fas mediated by FasL, such as anti-Fas
antibodies, induces apoptosis of various Fas-bearing cells
through activation of the caspase cascad'”. This
Fas/FasL system interaction constitutes one of the main
systems regulating immune responses and homeostasis
15).

In this study, using flow cytometry, we investigated
the modulation of CD93 on U937 cells treated with an
anti-Fas monoclonal antibody (mAb) accompanied by
apoptotic properties using two types of CD93 mAbs,
mNI-11 '®and X-2 '” to define the roles of the CD93 on
apoptotic cells in various immune responses.

Materials and Methods
Cell line

The human monocyte-like cell line (U937) used in the
present study was supplied by the Health Science
Research Resource Bank (HSRRB) (Tokyo, Japan). U937
cells were cultured in RPMI 1640 medium (GIBCO)
supplemented with 10 mM Hepes buffer, 2 mM
glutamine and 10% fetal calf serum (FCS) (referred to as
complete medium).

Reagents

A CD93 monoclonal antibody (mAb), mNI-11 (mouse
IgG1) '®, an anti-Fas mAb, CH-11 (mouse 1gM) '®, a
fluorescence isothiocyanate (FITC)-conjugated goat anti-

mouse IgG antibody, isotype-matched normal mouse
1gG1, and isotype-matched normal mouse IgM were
purchased from MBL Co. (Nagoya Japan). A
phycoerythrin (PE)-conjugated APO2.7 (mouse 1gG1)
mADb '* was purchased from Beckman Coulter (US.A). A
CD93 mAb, X-2 (mouse IgGl) ""and a PE-conjugated
isotype-matched normal mouse IgGl were purchased
from Cosmo Bio Co. (Tokyo, Japan).

Treatment with the anti-Fas monoclonal antibody

The U937 cells (4x10° in complete medium were
treated with an ani-Fas monoclonal antibody (mAb) (250
ng/ml), an apoptosis-inducing reagent, for 0, 3, 6, 8, 10,
and 24 hrs in a CO, incubator. The cells were harvested
at various times, and the modulation of CD93 defined by
mNI-11 or X-2 was analyzed with flow cytometry.
Apoptotic monitoring of the cells treated with the anti-
Fas mAb (250 ng/ml) or isotype-matched normal mouse
IgM (250 ng/ml) was performed by staining with an
apoptosis-related mAb (APO2.7) under flow cytometry,
as previously described '”. The APO2.7 mAb can be
used for the direct quantitation of apoptotic cells by flow
cytometry.

Flow cytometry

The U937 cells treated with the anti-Fas mAb or
isotype-matched normal mouse IgM for 24 hrs were
washed in cold phosphate-buffered saline (PBS)
containing 0.1% NaN, (referred to as the washing buffer),
and incubated in PBS containing 25% normal goat
serum, 1 mg/ml normal human IgG and 0.1% NaN, to
block the Fc receptor (FcR) for IgG for 10 min on ice.

After washing three times, the cells were incubated
with the optimal concentration of PE-conjugated APO2.7
mAb for 30 min on ice. Negative controls (NCs) were
provided by staining with PE-conjugated isotype-
matched normal mouse IgG1l. Thereafter, the U937 cells
treated with the anti-Fas mAb or isotype-matched
normal mouse IgM for 0, 1.5, 3, 6, 10, and 18 hrs were
harvested and washed in washing buffer three times,
after which 0.25% paraformaldehyde-PBS was added
and incubated for 2 min on ice. After washing in the
washing buffer, cells were incubated in PBS containing
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25% normal goat serum, 1 mg/ml normal human IgG
and 0.1% NaN, to block the FcR for IgG for 10 min on
ice. The cells were washed in the washing buffer, and
incubated with PE-conjugated APO2.7 mAb and
digitonin 100 xg/ml for 30 min on ice. The cells were
washed in the washing buffer, and gated for exclusion
of cell debris and aggregates. The percentage of
positively stained cells for APO2.7 mAb was determined
by the use of a fluorescence-activated cell sorter
(FACScan; Becton Dickinson). The experiment was
repeated three times.

Modulation of CD93 expression on the U937 cells
treated with anti-Fas mAb was analyzed using two
types of mAbs (mNI-11 and X-2). The cells treated with
anti-Fas mAb for 0, 3, 6, 8, 10, and 24 hrs were
harvested at each of these times, and washed in the
washing buffer. Thereafter, the cells were resuspended
in PBS containing 25% normal goat serum, 1 mg/ml
normal human IgG and 0.1% NaN, to block the FcR for
IgG, and then the cells were incubated with an optimal
concentration of mNI-11 or X-2 for 30 min at room
temperature. Isotype-matched normal mouse IgGl was
used in each stage as a negative control. After washing
twice in the washing buffer, the cells were incubated
with an FITC-conjugated goat anti-mouse IgG antibody
for 15 min at room temperature. Following a final wash
with the washing buffer and resuspension in PBS
containing 2% FCS and 0.1% NaN,, the cells were gated
for exclusion of cell debris and aggregates. The
percentage of positively stained cells for mNI-11 or X-2
was determined by the use of the FACScan system.

Resuits and Discussion

In this study, we investigated the modulation of CD93
expression on U937 cells treated with anti-Fas mAb, an
apoptosis-inducing substance, using two types of CD93
mAbs (mNI-11 and X-2) and flow cytometry. Fas, a type
I membrane protein belonging to a member of the
TNF-a receptor superfamily!*', is expressed by
macrophages, dendritic cells (DC), fibroblasts,
lymphocytes, and also U937 cells. Activation of Fas
mediated by the Fas ligand (FasL), such as anti-Fas
mADb, induces apoptosis of Fas-bearing cells through

several caspase cascades '*. First of all, the presence of

an apoptosis-related molecule (APO2.7) on U937 cells 24
hrs after treatment with the anti-Fas mAb (250 ng/ml)
was monitored without permeabilization by digitonin
using a PE-conjugated AP02.7 mAb and flow
cytometry. As shown in Fig.1, the U937 cells treated
with the anti-Fas mAb strongly expressed the APO2.7
molecule (approximately 60%), indicating that some
populations among the U937 cells treated with the anti-
Fas mAb shifted to an apoptotic cell stage. In addition,
the APO2.7 molecule on the U937 cells treated with anti-
Fas mAb (250 ng/ml) for various times (0, 1.5, 3, 6, 10,
and 18 hrs) was monitored with permeabilization by
digitonin using a PE-conjugated APO2.7 mAb and flow
cytometry. Fig.2 shows that the U937 cells treated with
the anti-Fas mAb clearly expressed the APO2.7 molecule
at 3 hrs after anti-Fas mAb treatment. It has been
reported that APO2.7 mAb is recognized in the
mitochondrial membrane at an m.w. of 38 kD, and is
useful as a marker for the detection of apoptotic celis ',
Furthermore, the APO2.7 mAb can be used for direct
quantitation of apoptotic cells by flow cytometry, with
or without permeabilization by digitonin. The use of the
APO2.7 molecule allows for precise monitoring of the
early and late cellular responses during apoptosis ' **

Next, we demonstrated the modulation of CD93
expression on U937 cells treated with anti-Fas mAb
using two types of CD93 mAbs (mNI-11 and X-2).
Figure 3 shows that the CD93 molecule defined by mNI-
11 or X-2 mAb on these cells dramatically decreased at
24 hrs. CD93 has an m.w. of 90- 100 kDa, and is a
heavily O-glycosylated type I transmembrane protein
consisting of unique C-type lectin domains . In addition,
the O-glycosylation of the CD93 molecule is a very
important factor for the stability of this molecular
expression **. From these findings, we suggest that the
CD93 molecule glycosylation sites may be affected by
apoptosis signal(s) through the Fas/FasL system, and as
a result, CD93 expression on U937 cells treated with
anti-Fas mAb significantly decreased. Moreover, as
shown in Fig. 4, we provided the evidence that the CD93
expression on the U937 cells treated with anti-Fas mAb
decreased in a time-dependent manner, suggesting that
CD93 expression on these cells strongly decreased in
the late phase after anti-Fas mAb treatment. Recently,
we reported that the expression of CD93 on the
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granulocytes of patients with liver cirrhosis, chronic
hepatitis B or C and hepatocellular carcinoma
significantly decreased as compared with that in normal
healthy donors *. These findings suggest that the
granulocytes of patients with liver diseases may be
affected by the Fas/FasL system during the chronic
inflammatory process.

The reason for the decrease of CD93 expression on
the U937 cells treated with anti-Fas mAb remains
unclear at the present time. However, we can suggest
two possible reasons for this finding. One possible
reason is signal transduction mediated by Fas. Fas
recruits Fas-associated death domain (FADD) and
caspase-8, which form the death-inducing signal
complex that promotes apoptosis '*. Although Fas is
traditionally viewed as a death receptor that triggers
apoptosis, more recent studies have shown that, under
certain circumstances, Fas can also activate the
extracellular signal-regulated kinase (ERK) and NF-« B
signal pathways **. With this ability, Fas-related signal(s)
can stimulate cell growth, differentiation and modulation
of some cell surface antigens, including CD93, in various
cell types.

Another possible reason for the decrease of CD93
expression is shedding of this molecule from the cell
membrane after anti-Fas mAb treatment. Bearing in
mind, as already stated above, that O-glycosylation is
important for the stability of CD93 expression *, the
decrease of CD93 expression on the U937 cells treated
with anti-Fas mAb could well depend on
unglycosylation. Recently, it was reported that CD93
expressed on monocytes and neutrophils is susceptible
to the PKC activator, PMA **. In addition, this report
indicated that PMA-induced CD93 shedding on
monocytes was accompanied by a decrease in CD93 cell
surface expression. Thus, decrease of CD93 expression
on the U937 cells treated with anti-Fas mAb may be
affected by phosphorylation of some proteins by PKC
action. As a result of phosphorylation by some protein
kinases, CD93 expression on the U937 cells treated with
anti-Fas mAb might be strongly reduced. More recently,
we also provided proof that CD93 expression on the
U937 cells was down-regulated by a PKC delta
isoenzyme using a PKC delta inhibitor, Rottlerin '*.

The molecular and biological functions of CD93 have

been investigated by knock-out mice lacking CD93

1)

expression '". The findings from this study suggest that
CD93-deficient mice lacked the ability to remove
impaired apoptotic cells in vivo. As CD93 is involved in
the Clg-mediated phagocytosis, analysis of the
modulation of CD93 expression on the U937 cells with
apoptotic properties induced by the Fas/FasL system
will be a good model for the clearance of various foreign
antigens under the Clq and CD93 interactions.

In conclusion, we found a dramatic decrease in CD93
expression on the U937 cells treated with anti-Fas mAb
through the Fas/FasL system. Further analyses are
needed to demonstrate the detailed intracellular
mechanism(s) of this finding at the molecular and
cellular levels.

References

1 Nepomuceno, RR,, Henschen-Edman, A.H, Burgess,
W.H,, et al: cDNA cloning and primary structure
analysis of C1gR(P), the human Clq/MBL/SPA
receptor that mediates enhanced phagocytosis in
vitro. Immunity 6:119-129,1997.

2 Tenner, AJ.: Clg receptors regulating specific
functions of phagocytic cells. Immunobiology 199:
250-264,1998.

3  Webster, S.D, Park, M, Fonseca, M.I, et al.: Structural
and functional evidence for microglial expression of
ClqR(P), the Clag receptor that enhances
phagocytosis. J. Leukoc. Biol. 67:109-116, 2000.

4 Bohlson, S.S., Zhang, M., Ortiz, C.E,, et al. CD93
interacts with the PDZ domain-containing adaptor
protein GIPC: implications in the modulation of
phagocytosis. J. Leukoc. Biol. 77: 80-89, 2005.

5 Nepomuceno, RR, Ruiz, S, Park, M, et al: C1gRP is a
heavily O-glycosylated cell surface protein involved
in the regulation of phagocytic activity. J. Immunol.
162:3583-3589, 1999.

6 Danet, GH. Luongo, J.L., Butler, G., et al. ClgRp
defines a new human stem cell population with



10

11

12

13

14

15

16

Nobunao IKEWAKI et al : Modulation of CD93 expression by anti-Fas antibody 127

hematopoietic and hepatic potential. Proc. Natl. Acad.
Sci. US.A. 99:10441-10445, 2002.

Maruyama, H., Galvan, M,, Waffarn, F., et al. Human
cord blood leukocyte innate immune responses to
defense collagens. Pediatr. Res. 54: 724-731, 2003.

Tarr, J, Eggleton, P.: Immune function of Clq and its
modulators CD91 and CD93. Crit. Rev. Immunol.
25:305-330, 2005.

Jack, RM, Lowenstein, B.A,, Nicholson-Weller, A
Regulation of Clqg receptor expression on human
polymorphonuclear leukocytes. J. Immunol. 153:262-
269, 1994.

Ikewaki, N., Kulski, J.K, Inoko, H..: Regulation of
CD93 cell surface expression by protein kinase C
isoenzymes. Microbiol. Immunol. 50: 93-103, 2006.

Norsworthy, P.J., Fossati-Jimack, L., Cortes-
Hernandez, J., et al. Murine CD93 (ClgRp)
contributes to the removal of apoptotic cells in vivo
but is not required for Clg-mediated enhancement
of phagocytosis. J. Immunol. 172:3406-3414, 2004.

Nagata, S., Golstein, P. : The Fas death factor.
Science 267: 1449-1456, 1995.

Mabher, S., Toomey, D, Condron, C, et al: Activation-
induced cell death: the controversial role of Fas and
Fas ligand in immune privilege and tumor
counterattack. Immunol. Cell Biol. 80: 131-137, 2002.

Chen, M., Wang, J.. Initiator caspases in apoptosis
signaling pathways. Apoptosis 7: 313-319, 2002.

Carmona, EM, Vassallo, R, Vuk-Pavlovic, Z, et al.
Pneumocystis cell wall beta-glucans induce
dendritic cell costimulatory molecule expression and
inflammatory activation through a Fas-Fas ligand
mechanism. J. Immunol. 177:459-467, 2006.

Ikewaki, N,
characterization of a novel monoclonal antibody

Inoko, H.. Development and

17

18

19

20

21

22

23

24

(mNI-11) that induces cell adhesion of the LPS-
stimulated human monocyte-like cell line U937. J.
Leukoc. Biol. 59: 697-708, 1996.

McGreal, E.P, Ikewaki, N, Akatsy, H, et al: Human
ClgRp is identical with CD93 and the mNI-11
antigen but does not bind Clg. J. Immunol.
168:5222-56232, 2002.

Yonehara, S, Ishii, A, Yonehara, M:: A cell-Killing
monoclonal antibody (anti-Fas) to a cell surface
antigen co-downregulated with the receptor of
tumor necrosis factor. J. Exp. Med. 169: 1747-1756,
1989.

Zhang, C., Ao, Z, Seth, A, et al.. A
protein defined by a novel monoclonal antibody is

membrane

preferentially detected in apoptotic cells. J. Immunol.
157:3980-3987, 1996.

Seth, A., Zhang, C, Letvin, N.L, et al: Detection of
apoptotic cells from peripheral blood of HIV-infected
individuals using a novel monoclonal antibody.
AIDS 11: 1059-1061, 1997.

Marekova, M., Vavrova, J,, Vokurkova, D, et al.
Monitoring of premitotic and postmitotic apoptosis
in gamma-irradiated HL-60 cells by the
mitochondrial membrane protein-specific
monoclonal antibody APO2.7. Gen. Physiol. Biophys.

22:191-200, 2003.

Park, M, Tenner, AJ. : Cell surface expression of
C1gRP/CD93 is stabilized by O-glycosylation. J. Cell
Physiol. 196:512-522, 2003.

Ikewaki, N., Sonoda, T., Shibuya, A.. Expression
patterns of the ClgRp on the granulocytes and
monocytes in peripheral blood mononuclear cells
(PBMCs) from patients with liver diseases. J. Ky ushu
Univ. of Health and Welfare 7: 183-189, 2006.

Hsu, SC, Gavrilin, MA, Tsai, MH, et al: p38 mitogen-
activated protein kinase is involved in Fas ligand
expression. J. Biol. Chem. 274:25679-25776, 1999.



128 J. of Kyushu Univ. of Health and Welfare. 8 : 123 ~ 131, 2007

25 Bohlson, S.S, Silva, R, Fonseca, ML, et al: CD93 is
rapidly shed from the surface of human myeloid
cells and the soluble form is detected in human
plasma. J. Immunol. 175:1239-1247, 2005.

§” (F')OCS\.N.)‘A . _8_

§.

%8 Normal mouse IgM
gg. . {reatment

§.

I e aee e iy

$3C-Huight

Cell number

Anti-Fas mAb
freatment

FSC-Height

87 260 edo  edo 800 1000
SSC-Haighl

1
FLI~Height

Fluorescence intensity

Figure 1. Expression of apoptosis-related APO2.7 molecule in the U937 cells treated with anti-Fas mAb. The U937
cells were treated with an anti-Fas mAb (250 ng/ml) or isotype-matched normal mouse IgM (250 ng/ml) for 24 hrs.
The cells were harvested, and stained with PE-conjugated APO2.7 mAb without permeabilization by digitonin.
Negative controls (NCs) were provided by staining with PE-conjugated isotype-matched normal mouse IgG1. The cells
were gated for exclusion of cell debris and aggregates, and the percentage of positively stained cells for the APQ2.7
mAb was determined using FACScan.
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Figure 2. Expression of apoptosis-related APO2.7 molecule in the U937 cells treated with anti-Fas mAb occurs in a
time-dependent manner. The U937 cells were treated with an anti-Fas mAb (250 ng/ml) or isotype-matched normal
mouse IgM (250 ng/ml) for 0, 1.5, 3, 6, 10, and 18 hrs. The cells were harvested, and stained with PE-conjugated
APQO2.7 mADb with permeabilization by digitonin. The cells were gated for exclusion of cell debris and aggregates, and
the percentage of positively stained cells for the APO2.7 mAb was determined using FACScan.
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Figure 3. Decrease of CD93 expression on the U937 cells treated with anti-Fas mAb. The U937 cells were treated
with anti-Fas mAb (250 ng/ml) for 24 hrs. The cells were harvested, and stained with CD93 mAbs (mNI-11 and X-2)
and an FITC-conjugated goat anti-mouse IgG (shaded histograms). Negative controls (NCs) (opened histograms) were
provided by staining with isotype-matched normal mouse IgG1l. The cells were gated for exclusion of cell debris and
aggregates, and the percentage of positively stained cells for the CD93 mAbs (mNI-11 and X-2) was determined using
FACScan. :
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Figure 4. Decrease of CD93 expression on the U937 cells treated with anti-Fas mADb occurs in a time-dependent
manner. The U937 cells were treated with anti-Fas mAb (250 ng/ml) for various times. The cells were harvested at 0,
3, 6, 8, 10, and 24 hrs, and stained with CD93 mAbs (mNI-11 and X-2) and an FITC-conjugated goat anti-mouse IgG.
Negative controls (NCs) were provided by staining with isotype-matched normal mouse IgGl. The cells were gated for
exclusion of cell debris and aggregates, and the percentage of positively stained cells for the CD93 mAbs (mNI-11 and
X-2) was determined using FACScan.
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