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Summary
CD40 is a member of the tumor necrosis factor (TNF) receptor family of cell surface proteins
and was originally described as a B cell restricted antigen. Treatment of primary human monocytes
with granulocyte/macrophage colony-stimulating factor (GM-CSF), interleukin 3 (IL-3), or
interferon 3' (IFN-3') resulted in the induction of CD40 mRNA and enhancement of cell surface
protein expression. CD40 was found to mediate monocyte adhesion to cells expressing recombinant
CD40 ligand. CD40 ligand-transfected cells provided a potent costimulus for monocyte TNF-ot
and IL-6 production in the presence of GM-CSF, IL-3, or IFN-3', and enhanced IL-8 production
stimulated by GM-CSF or IL-3. In addition, CD40 ligand-transfected cells acting in the absence
of a costimulus induced monocytes to become tumoricidal against a human mdanoma cell target.
Collectively, these data indicate that CD40 ligand is pleiotropic with potent biological activity
on monocytes.

D40 is a 50-kD molecule expressed on B cells, dendritic
cells, some carcinoma cell lines, and human thymic epiC
thelium (1-3). Abs specific for CD40 exhibit stimulatory
effects on IL-4 activated B cells, including the induction of
B cell growth, IgE secretion, and expression of CD23 (4-7).
Human and murine forms of a ligand for CD40 (CD40L) 1
were recently cloned and demonstrated to be type II integral
membrane proteins expressed primarily on activated CD4 +
T cells (8-11). CD40L provides a strong stimulatory signal
to B cells from both species (8-10), however little is known
about the regulation of expression of CD40 and the effects
of CD40L on other cell types.
Monocytes express a variety of cell surface proteins that
are thought to play an important role in antigen presentation and the cell contact-dependent interaction of monocytes
with other leukocytes. The expression of many of these proteins on monocytes can be regulated by a variety of cytokines,
including GM-CSF, IL-3, IL-4, IFN-3", and IFN-c~ (12-16).
In this paper, we demonstrate that GM-CSF, IL-3, and IFN-'r
enhance expression of CD40 by normal human monocytes.
In addition, culture of monocytes with CD40L resulted in
the stimulation or costimulation of cytokine production and
in the induction of monocyte tumoricidal activity. Thus,
CD40L is involved in the regulation of several critical aspects

1 Abbreviation used in this paper: L, ligand.
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of the immune response, and may be important in the cell
contact-dependent activation of both T cells and monocytes
during antigen presentation.

Materials and Methods
Monocyte Purification and Culture.

Monocytes were purified from

normal donor PBMC by countercurrent elutriation (17) and were
~95 % pure by microscopicexamination of Giemsa-stainedcytocentrifuge preparations. Cells were cultured in RPMI 1640 medium
containing 10% low endotoxin FBS, 50 U/ml penicillin, 50/zg/ml
streptomycin, and 5 x 10-s M 2-ME. Monocytes were cultured
in polypropylene tubes (Falcon; Becton Dickinson Labware, Lincoln Park, NJ) for flow cytometry and mRNA analysis, in 24-well
plates (Costar Corp., Cambridge, MA) for cytokine secretion assays
and in 96-well flat-bottomed plates (Costar Corp.) for adhesion
and tumoricidal assays.
Reagents. All reagents used for culture ofmonocytes, including
all media additives and cytokines, were screened for low endotoxin
levels (<1 pg/ml at their final concentration) using the Limulus
amebocytelysate assay (Whittaker M.A. Bioproducts, Walkersvilh,
MD). Recombinant CD40L was transiently expressed in CV1/EBNA cells which were fixed with paraformaldehyde 2 d after
transfection, as describedpreviously(8, 9). Recombinant 1I:3, II.-4,
and GM-CSF were purified as described previously (16) and had
sp act of 9 x 104, 1 x 104, and 5 x 104 U//zg, respectively.
Soluble CD40 and IL-4R fusion proteins (CD40.Fc and ID4R.Fc)
consisting of the extracellular domain of CD40 or IL-4R coupled
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to the Fc region of human IgG1 were constructed and purified as
described previously (18). The murine mAb CD40 M2, raised
against soluble CD40.Fc, was demonstrated to block binding of
CD40 ligand to CD40 (Fanslow, W. C., unpublished data). Protein A-purifiedG28-5 mAb recognizing human CD40 was provided
by Dr. E. A. Clark (University of Washington, Seattle, WA).
Flow Cytoraetry. Cellswere recoveredand incubated for 30 rain
at 4QC in PBS containing 2% rabbit serum and 2% goat serum
to block Fc receptor binding by detecting Ab. After washing once
in PBS with 1% FBS and 0.02% sodium azide, cellswere incubated
with the CD40 mAb G28-5 or isotype-matched control Ab (5
/~g/ml) for 30 min at 4~ The cells were washed twice and incubated with sheep anti-mouse IgG-PE (F[ab']z fragment) for 30
rain at 4~ After further washing, flow cytometric analysis was
performed using a FACScan# (Becton Dickinson & Co., Mountain View, CA).
Northern Blot Analysis of CD40 mRNA. Monocytes were harvested, the RNA extracted, and samples from similar culture conditions pooled for electrophoresis on agarose formaldehyde gels (10
/~g per lane), as described previously (17). Gels were transferred
to nitrocellulose and probed with a 32p-labeled, PCR-generated
probe correspondingto the entire ending region of the human CD40
molecule. Control hybridizations were performed after blots were
stripped by boiling in water and 1% SDS and exposed to x-ray
film to confirm removal of CD40 specificprobe. Blots were then
rehybridized with a human 8-actin probe.
Monocyte Adhesion Assay. The monocyte adhesion assay was
based upon the method described by Elliot et al. (19). Monolayers
of CV-1/EBNA cells (20) transfectedwith murine or human CD40L
(CV1-MuCD4OL/HuCD4OL) or vector alone were established by
incubating 3 x 104 cells in 96-well microtiter plates for 6 h at
37~ Monocytes were labeled with 150/zCi of SlCr for 1 h at
37~ and washed three times. Labeled monocytes (10s) were then
added to the plates containing the monolayers of transfected cells
and allowed to adhere for 24 h. Samples of supernatant were collected in order to assess spontaneous SlCr release, and wells were
washed three times to remove nonbound cells. Residual adherent
cells were lysed in 1% (wt/vol) NP-40 detergent and lysates were
transferred to tubes for measurement of S~Cr content using a
gamma counter (ME Plus; Micromedics, Huntsville, TN). Percent
adhesion was calculated as 100 x [adherent cpm/(total cpm spontaneous cpm)].
CytokineAssays. Cytokine production by monocytes was measured by ELISA, as described previously (17).
Monocyte-mediatedTumoricidalAssay. The assay for monocyte
tumoricidal activity was modified from the one described previously (17). Briefly,monocyteswere cultured in 96-wellflat-bottomed
plates in the presence of CV-1/EBNA cells that had been transfected with either CD40L or vector alone. After 24 h, culture supernatants were removed and replaced with target A375 cells and
incubated for an additional 3 d. Culture plates were washed three
times with medium and remaining adherent A375 cells were measured by staining with crystal violet (0.5% wt/vol in 25% vol/vol
methanol). After lysis with 1% (wt/vol) deoxycholate, OD at 562
nm was determined using an ELISAplate reader (Dynatech Laboratories Inc., Chantilly, VA). Percent cytotoxicity was calculated as
100 x [1 - (OD test - OD background/OD control - OD
background)], where OD background represents empty wells
stained with crystal violet and washed, OD control represents wells
with A375 cells cultured with untreated monocytes, and OD test
represents wells with A375 cells cultured with monocytes together
with CV-1/EBNA cells or soluble stimuli.
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Results and Discussion

Regulation of Monocyte Cell Surface CD40 Expression. Primary human monocytes were isolated by countercurrent elutriation and examined for cell surface expression of CD40 using
flow cytometry. Freshly isolated monocytes or monocytes cultured in medium alone for 48 h typically expressed low but
detectable CD40 surface protein, as assessed by indirect immunofluorescent staining with the mAb G28-5 (Fig. 1). However, upon culture for 48 h in GM-CSF, IL-3, or IFN-3', CD40
expression by monocytes was markedly increased (Fig. 1).
In contrast, IL-4 had little or no effect on CD40 expression
by monocytes. O f the panel of cytokines tested (ILs 1-8 and
10, IFNs-c~ and -% TNF-o~, G-CSF, and GM-CSF), only
GM-CSF, IL-3, and IFN-3' were found to consistently enhance monocyte CD40 expression.
Kinetics and Dose-Response of Enhancement of CD40 Expression. To further investigate the regulation of monocyte CD40
by GM-CSF, IL-3, and IFN-'y, we analyzed the effects of
titrating concentrations of cytokines and varying the stimulation period (Fig. 2). GM-CSF and IFN-3, enhanced CD40
expression by monocytes when used at concentrations as low
as 0.1 ng/ml, whereas 1 ng/ml of IL-3 was required. Optimal enhancement of monocyte CD40 expression was observed at cytokine concentrations between 10 and 100 ng/ml.
IL-4 had no significant effect on CD40 expression at any of
the concentrations tested. Optimal induction of CD40 by
GM-CSF, IL-3, or IFN-3, was seen at 24 h after stimulation
and high levels of CD40 expression were maintained for an
additional 48 h.
Regulation of CD40 mRNA Transc@tion. CD40 mRNA
transcription was examined in primary monocytes by Northern
blot analysis. Representative levels of CD40 m R N A expres-
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Figure 1. Enhancementof human monocyteCD40 expressionby GMCSF, Ib3, and IFN-% Monocyteswere cultured with variouscytokines
(10 ng/ml) for 48 h and analyzedfor CD40 expressionby flowcytometry.
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Figure 2. Dose-response and kinetics of enhancement of monocyte
CD40 expression by ~tokines. (A) Mono~tes were stimulated with various concentrations of GM-CSF, Ib3, IL-4, or IFN-3~for 24 h and assessed
for CD40 expression by flow ~tometry. (B) Monocytes were stimulated
for various time periods with the indicated cytokines at I0 ng/ml.

sion in monocytes cultured with various cytokines are shown
in Fig. 3 A. Little or no CD40 specific mRNA was seen
in monocytes cultured in medium alone or in IL-4. In contrast, monocytes treated with IFN-% GM-CSF, or IL-3
showed relatively abundant levels of CD40 mRNA (Fig. 3
A), which did not increase significantly in monocytes cultured with combinations of GM-CSF, IL-3, and IFN-y (data
not shown). These results indicate that the increasedcell surface
expression of CD40 in response to these cytokines (Fig. 1)
is likely a result of increased CD40 mRNA transcription.
Adhesion of Monocytesto Cells 7~ansfectedwith CD4OL. The
surface expression of CD40 by monocytes suggests a possible role for this protein in cell contact-dependent interactions of monocytes with cells expressing CD40L. Initially,
monocytes were examined for their ability to adhere to cells
expressing recombinant CD40L. For these experiments we
used CV-1/EBNA cells (20) that had been transfected with
full-length membrane-bound murine or human CD40L (8,
9), or control CV-1/EBNA cells transfected with the vector
alone. Monocytes were found to adhere far more efficiently
to CV-1/EBNA cells expressing either murine or human
CD40L than to cells transfected with vector alone (Fig. 4).
As virtually all the monocytes adhered to CV-1/EBNA cells
expressing CD40L, addition of GM-CSF, IL-3, or IFN-3, was
unable to further enhance monocyte adhesion (data not
shown). The adhesion was shown to be mediated by CD40
671
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Figure 3. Regulation of CD40 transcription in cytokine-treated primary monocytes. Monocytes purified from three human donors were cultured independently for 18 h with no treatment (NT) or with the indicated cytokines at t0 ng/ml. The EBV-transformed B lymphoblastoid cell
line RPMI 1788 stimulated with the phorbol ester, PMA (1788.PMA)
was included as a positive control. Northern blots were hybridized with
a probe for (/1) CD40 and (B)/~-actin (hybridization control).

binding to CD40L since a mAb to CD40, but not an isotype
control mAb, blocked binding of monocytes to CV-1/EBNA
cells transfected with CD40L (Fig. 4 B).
CD40L Stimulates Monocyte Cytokine Production. Cytokines, such as TNF-c~, IL-1, and IL-6, are releasedfrom monocytes during antigen presentation (21). Thus, it was of interest to determine whether cells transfected with CD40L
could induce or coinduce the release of monocyte cytokines.
CV-1/EBNA cells expressing recombinant CD40L induced
monocytes to secrete small amounts of IL-6 and enhanced
the release of IL-8 in the absence of a costimulus, whereas
control CV-1/EBNA cells had no effect (Fig. 5, A and B).
In contrast, CD40L acting alone was unable to induce TNF-o~
production (Fig. 5 C).
GM-CSF, IL-3, and IFN-3' have all been demonstrated to
costimulate cytokine production by monocytes (22, 23). In
addition, GM-CSF and IL-3 were recently demonstrated to
enhance IL-8 release by monocytes in the absence of a
costimulus (24). Since these three cytokines also enhance
monocyte CD40 expression, we assessed the effect of CD40L
on monocyte cytokine production in the presence of these
costimulatory cytokines. The combination of CD40L with
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Figure 4. Adhesion of monocytes to cells expressing recombinant
CD4OL. Data are mean + SD of six replicates and are representative of
four experiments performed. Nil, percent adhesion of monocytes to the
wells alone. CD40 mAb M2 and IgG1 isotype control mAb were used
at 10 #g/ml.

GM-CSF, IL-3, or IFN-3' was a potent stimulus for both
IL-6 and TNF-o~ production, whereas these cytokines acting
alone had little effect (Fig. 5, A and C). As few as 103 CV1/EBNA cells expressing CD40L were sufficient to induce
TNF-~ production in the presence of GM-CSF, IL-3, or
IFN-% yet even large numbers of these cells alone were unable to induce significant TNF-c~ production (Fig. 6 A). GMCSF or IL-3 induced an approximate llYfold increase in monocyte IL-8 production when acting alone, and this effect was
further enhanced twofold by the presence of CD40L (Fig.
5 B). In contrast, IFN-3' did not enhance IL-8 secretion in
the presence or absence of CD40L. CD40L also failed to consistently stimulate or costimulate IL-1 release, with detectable IL-1 levels observed in only one of six experiments (data
not shown). The specificity of the CD40L effect was confirmed
using a soluble construct of CD40 consisting of the extracellular domain of CD40 fused to the Fc region of human IgG1
(CD40.Fc) (18), as well as an antagonistic CD40 mAb, M2
(see Materials and Methods), which were able to inhibit
TNF-c~ production induced by CD40L in the presence of
GM-CSF (Fig. 6 B). An isotype control mAb and human
672
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Figure 5. CD40L stimulates monocyte Ib6 and lb8 production (A
and B) and costimuhtes TNF-ot production with GM-CSF, Ib3, or IFN-7
(C). Monocytes were cultured at 5 x 10s cells/ml in 24-well plates either alone or with paraformaldehyde-fixed CV-1/EBNA cells (3 x 104)
that had been transfected with human CD40L or vector alone. Cytokines
were added at 10 ng/ml. After 24 h, supernatants were recovered and assessed for IL-6, IL-8, and TNF-~ levels by ELISA.

IgG1 were unable to block TNF-c~ production in this assay.
TNF-~ is a cytokine with a central role in inflammation,
and thus CD40L may have pro-inflammatory properties in
conjunction with other cytokines via its costimulation of
TNF-c~. IL-6 has growth and differentiation activity on multiple cell types and stimulates the release of acute phase proteins by hepatocytes. Recent studies have demonstrated that
IL-8 inhibits IgE production by purified B cells stimulated
with CD40 mAb in combination with IL-4 (25). Thus, it
is tempting to speculate that the ability of CD40L to stimulate IL-8 production by monocytes represents a negative feedback mechanism for the control of IgE production.
CD40L InducesMonocyte TumoricidalActivity. Monocytes
can be stimulated by certain cytokines to become tumoricidal against selected tumor cell lines. Incubation of monocytes with CV-1/EBNA cells expressing recombinant CD40L
resulted in the activation of tumoricidal activity against the
A375 human melanoma cell line (Table 1). The activity of
CD40L in this assay was equivalent to that of LPS. CD40L
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caused a small but insignificant enhancement in monocyte
tumoricidal activity induced by GM-CSF. Control or CD40L
transfected CV-1/EBNA cells had no lytic activity against
A375 targets in the absence of monocytes (data not shown).
Monocyte secretion of TNF-c~ and IL-1 in response to stimuli
such as LPS has been demonstrated to contribute to their
tumoricidal activity (26-28). Given that CD40L alone is
insufficient for the rdease of either TNF-oe or IL-1 from monocytes, the data suggest that CD40L may regulate monocyte
tumoricidal activity through an IL-1/TNF-c~ independent
mechanism. Alternatively, CD40L may induce monocytes to

express cell surface, but not soluble, IL-1 or TNF-ot, and
experiments are currently aimed at addressing this possibility.
Previous data has suggested that CD40-CD40L interactions are a critical component of the interaction between helper
T cells and B cells in the immune response (4-10). The data
presented here suggest that CD40-CD40L interactions may
also play an important role in the cell contact-dependent interaction that occurs between activated helper T cells and
monocytes/macrophagesduring antigen presentation. Importantly, an efficient way of inducing CD40L expression by
CD4 + T cells is via triggering through the CD3 TCR complex using either Ab against CD3 or antigen (8, 9; Alderson,
M. IL., and R. J. Armitage, unpublished data). The interaction of the APC with the T cell results in the release of T
cell-derived cytokines, including GM-CSF, IL-3, and IFN-%
which would then be capable of regulating CD40 expression
by the monocyte. Enhanced expression of CD40 by the monocyte could allow for increased stimulation by the T cell-expressed CD40L, which would then give rise to further activation of the monocyte and release of monocyte-derived
cytokines. Thus, the interaction between monocytes and T
cells during antigen presentation involves a cascade of activation events, of which CD40-CD40L interactions may be
critical.

We thank Ky Clifford for excellenttechnicalassistance;and Drs. David Cosman, Paul Baker, StevenGillis,
Kenneth Grabstein, and Michael Widmer for reviewing the manuscript.
Address correspondence to Dr. Mark R. Alderson, Department of CeUular Immunology, Immunex Research and Development Corporation, 51 University Street, Seattle, WA 98101.

Received for publication 23 February 1992 and in revisedform 27 April 1993.

673

Alderson et al.

PLe~erences
1. Paulie,S., A. Rosen, R Ehlin-Henriksson,S. Braesch-Andersen,
E. Jakobson, H. Koho, and P. Perlmann. 1989. The human
B lymphocyte and carcinoma antigen, CDw40, is a phosphoprotein involvedin growth signal transduction.J. Immunol.
142:590.
2. Schriever,E, A.S. Freedman, G. Freeman, E. Messner, G. Lee,
J. Daley,and L.M. Nadler. 1989. Isolatedhuman folliculardendritic cells display a unique antigenic phenotype.J, llxtx Med.
169:2043.
3. Galy, A.H.M., and H. Spits. 1992. CD40 is functionally expressed on human thymic epithelial cells.J. Immunol. 149:775.
4. Valle, A., C.E. Zuber, T. Defrance, O. Djossou, M. De Rie,
and J. Banchereau. 1989. Activation of human B lymphocytes
through CD40 and interleukin 4. Eur. j. Immunol. 19:1463.
5. Gordon, J, M.J. Millsum, G.R. Guy, andJ.A. Ledbetter. 1988.
Resting B lymphocytes can be triggered directly through the
CDw40 (Bp50) antigen. A comparison with II.,4-mediated
signalling. J. Immunol. 140:1425.
6. Cairns,J., L. Flores-Romo,M.J. Millsum, G.R. Guy, S. Gillis,
J.A. Ledbetter, andJ. Gordon. 1988. SolubleCD23 is released
by B lymphocytescyclingin response to interleukin 4 and antiBp50 (CDw40). Eur. j. Imraunol. 18:349.
7. Jabara, H.H., S.M. Fu, R.S. Geha, and D. Vercelli. 1990. CD40
and IgE: synergismbetween anti-CD40 monoclonal antibody
and interleukin 4 in the induction of IgE synthesis by highly
purified human B cells.J. Extz Med. 172:1861.
8. Armitage, R.J., W.C. Fanslow,L. Strockbine, T.A. Sato, K.N.
Clifford, B.M. Macduff, D.M. Anderson, S.G. Gimpel, T.
Davis-Smith, C.R. Maliszewski, et al. 1992. Molecular and
biological characterization of a murine ligand for CD40. Nature (Lond.). 357:80.
9. Spriggs, M.K., R.J. Armitage, L. Strockbine, K.N. Clifford,
B.M. Macduff, T.A. Sato, C.R. Maliszewski, and W.C.
Fanslow. 1992. Recombinant human CD40 ligand stimulates
B cell proliferation and immunoglobulin E secretion.J. Exp.
Med. 176:1543.
10. Hollenbaugh, D., L.S. Grosmaire,C.D. Kullas,N.J. Chalupny,
S. Braesch-Andersen, K.J. Noel]e, I. Stamenkovic,J.A. Ledbetter, and A. Aruffo. 1992. The human T cell antigen gp39,
a member of the TNF gene family, is a ligand for the CD40
receptor: expression of a soluble form of gp39 with B cell costimulatory activity. EMBO (Eur. Mol. Biol. Organ.)J. 11:4313.
11. Graf, D., U. Korthauer, H.W. Mages, G. Senger, and R.A.
Kroczek. 1992. Cloning of TRAP, a ligand for CD40 on human
T cells. Eur. j. Immunol. 22:3191.
12. Te Velde, A.A., J.P.G. Klomp, B.A. Yard, J.E. De Vries, and
C.G. Figdor. 1988. Modulation of phenotypic and functional
properties of human peripheral blood monocytes by II,-4.J.
Immunol. 140:1548.
13. Littman, B.H., F.F. Dastvan, EL. Carlson, and K.M. Sanders.
1989. Regulation of monocyte/macrophageC2 production and
HLA-DK expression by IL-4 (BSF-1) and IFN-3,. J. Immunol.
142:520.
14. Avaro-Gracia, J.M., N.J. Zvaifler, and G.S. Firestein. 1989.
Cytokines in chronic inflammatory arthritis IV. Granulocyte/macrophagecolony-stimulatingfactor-mediatedinduction
of class II MHC antigen on human monocytes: a possible role

674

in rheumatoid arthritis. J. Ex F Med. 170:865.
15. Lanener,R.E, S.M. Goyert, R..S. Geha, and D. Vercelli. 1990.
Intedeukin 4 down-regulatesthe expressionof CD14 in normal
human monocytes. Eur. j. Imraunol. 20:2375.
16. Alderson, M.R., T.W. Tough, S.E Ziegler,and K.J. Armitage.
1992. Regulation of human monocyte cell-surfaceand soluble
CD23 (FceRII)by granulocyte-macrophagecolony-stimulating
factor and IL-3.J. Imraunol. 149:1252.
17. Alderson, M.R., T.W. Tough, S.F. Ziegler, and K.H. Grabstein. 1991. Interleukin7 inducescytokinesecretionand tumoricidal activity by human peripheral blood monocytes.J. Exfi
Med. 173:923.
18. Fanslow,W.C., D.M. Anderson, K.H. Grabstein, E.A. Clark,
D. Cosman, and R.J. Armitage. 1992. Solubleforms of CD40
inhibit biological responses of human B cells. J. Imraunol.
149:655.
19. EUiott, M.J., M.A. Vadas, L.G. Cleland, J.R. Gamble, and
A.F. Lopez. 1990. ID3 and granulocyte-macrophagecolonystimulating factor stimulate two distinct phases of adhesion
in human monocytes.J. Immunol. 145:167.
20. McMahan, C.J., J.L. Slack, B. Mosley, D. Cosman, S.D.
Lupton, L.L. Brunton, C.E. Grubin, J.M. Wignall, N.A.
Jenkins, C.I. Brannan, et al. 1991. A novelID1 receptor, cloned
from B cells by mammalian expression, is expressed in many
cell types. EMBO (Eur. Mol. Biol. Organ.)j. 10:2821.
21. Le, J., and J. Vilcek. 1987. Tumor necrosis factor and interleukin 1: cytokines with multiple overlapping biological activities. Lab Invest. 56:234.
22. Hart, P.H., G.A. Whitty, D.S. Piccoli, and J.A. Hamilton.
1988. Synergistic activation of human monocytes by granulocyte-macrophage colony-stimulating factor and IFN-3". Increased TNF-ct but not Ibl activity. J. Immunol. 141:1516.
23. Frendl, G., M.J. Fenton, and D.I. Belier. 1990. Regulation
of macrophage activation by IL-3 II. Ib3 and lipopolysaccharide act synergisticallyin the regulation of I1.,1 expression.J.
Immunol. 144:3400.
24. Takahashi,G.W., D.F. Andrews, M.B. Lilly,J.W. Singer, and
M.R. Alderson. 1993. Effect of granulocyte-macrophage
colony-stimulating factor and interleukin-3 on interleukin-8
productionby human neutrophilsand monocytes.B/o0~ 81:357.
25. Kimata, H., A. Yoshida,C. Ishioka,I. Lindley,and H. Mikawa.
1992. Interleukin 8 (Ib8) selectivelyinhibits immunoglobulin
E production induced by Ib4 in human B cells.J. ExF Med.
176:1227.
26. Onozaki, K., K. Matsushima, E.S. Kleinerman, T. Saito, and
J.J. Oppenheim. 1985. Role of interleukin 1 in promoting
human monocyte-mediated tumor cytotoxicity. J. Immunol.
135:314.
27. Philip, K., and L.B. Epstein. 1986. Tumor necrosis factor as
immunomodulator and mediator of monocyte cytotoxicity induced by itself, 3,-interferonand interleukin-1. Nature (Lond.).
323:86.
28. Urban, J.L., H.M. Shepard, J.L. Rothstein, B.J. Sugarman,
and H. Schreiber. 1986. Tumor necrosisfactgr: a potent effector
molecule for tumor cell killing by activatedmacrophages.Proc.
Natl. A_cad. Sci. USA. 83:5233.

CD40LigandEffectson Monocytes

