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Renal cell carcinoma induces interleukin 10 and
prostaglandin E, production by monocytes
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Summary Immunotherapy with interleukin 2 (IL-2) is not an effective anti-cancer treatment in the majority of patients with renal cell carcinoma
(RCC), suggesting that the activation of cytotoxic T cells or NK cells may be impaired in vivo in these patients. The production of
immunosuppressive factors by RCC was investigated. Using immunohistochemistry, IL-10 was detectable in 10 of 21 tumour samples tested.
IL-10 was undetectable in the supernatant of cell lines derived from these RCCs. However, these cell lines or their conditioned medium (RCC
CM), but not normal renal epithelial cells adjacent to the RCC or breast carcinoma cell lines, were found to induce IL-10, as well as
prostaglandin E, (PGE,) and tumour necrosis factor (TNF)a production by autologous or allogeneic peripheral blood mononuclear cells
(PBMCs) and monocytes. IL-10 production induced by RCC CM was found to be dependent on TNF-a and PGE, since an anti-TNF-a antibody
(Ab) inhibited 40-70% of IL-10 production by monocytes, and the combination of anti-TNF-a Ab and indomethacin, an inhibitor of PGE,
production, inhibited 80-94% of RCC CM-induced IL-10 production by monocytes. The RCC CM of the five cell lines tested were found to
induce a down-regulation of the expression of HLA-DR and CD86, as well as a strong inhibition of mannose receptor-dependent endocytosis
by monocytes. The blockade of HLA-DR and CD86 expression was partially abrogated by indomethacin and anti-IL-10 Ab respectively, and
completely abrogated by an anti-TNF-a Ab. The inhibition of mannose receptor-dependent endocytosis was partially abrogated by an anti-IL-
10 Ab and completely abrogated by an anti-TNF-a Ab. These results indicate that RCCs induce IL-10, PGE, and TNF-a production by
monocytes, which down-regulate the expression of cell-surface molecules involved in antigen presentation as well as their endocytic capacity.
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Although immunotherapy with IL-2 and/or interferon(IFN-a) The objectives of this study were to investigate the possible
yields objective response in 15% of patients with metastatic renglroduction of immunosuppressive mediators by RCC tumours, in
cell carcinoma, a majority of these patients will still experienceparticular IL-10. The results presented here show that IL-10 protein
progressive disease despite immunotherapy (Rosenberg et &, detectable in vivo in RCC tumour samples and that RCC cell
1989; Négrier et al, 1996). This may result from the lack oflines induce the production of TNF-IL-10 and PGEby autolo-
tumour-specific antigens in most of these tumours, a defectivgous and allogeneic monocytes in vitro. TMFH.-10 and PGE
tumour-specific antigen presentation and/or the production oére responsible for the down-regulation of HLA-DR and CD86
immunosuppressive factors by RCC. expression at the cell surface, as well as for the decrease in the
IL-10 is a potent immunosuppressive cytokine produced by Bendocytic capacities of monocytes induced by RCC CM in vitro.
lymphocytes, monocytes/macrophages as well as ThO and Th2
T-cell subsets (Howard and O’Garra, 1992). IL-10 inhibits thepjaATERIALS AND METHODS
proliferation and the production of IL-2 and IFNby human
peripheral blood T lymphocytes and T-cell clones (de Waal Malefyfell lines and tumour samples
et al, 1993; Taga et al, 1993) and suppresses the secretion of ILdiear cell renal carcinoma cells were obtained after therapeutic
IL-6, IL-8 and TNFe (Fiorentino et al, 1991). In addition, IL-10  gyrgery of the primary tumour in 21 patients. Each tumour sample
induces the generation of CDR cells that are capable of blocking \yas divided into four fragments, representative of the tumour, as
the proliferation of Ag-specific T-cell clones (Groux et al, 1997). gyajuated by examination of a frozen section, for (1) histological
The production of IL-10 mRNA or protein has been reported iNanalysis, (2) molecular analysis, (3) storage in isopentane at
RCC, as well as in other tumours, in particular ovarian tumours andigc for immunological analysis and (4) mechanical and
non-Hodgkin's lymphoma (NHL), suggesting a possible localgnzymatic disaggregation to obtain tumour cells for culture. Four
immunosuppressive effect of this cytokine in vivo (Benjamin et alrcc cell lines (CAN, CHA, GUI, VER) previously characterized
1992; Emilie et al, 1992; Pisa et al, 1992; Blay et al, 1993; Filgueirggain et al, 1996) and two primary cell cultures (LEC, DUF) were
etal, 1993; Gastl et al, 1993; Mauerer et al, 1995; Wang et al, 199gjained from these 21 tumours. Primary culture of normal renal

Nakagomi et al, 1995; Voorzanger et al, 1996). epithelial cells (CAN nor) was obtained after enzymatic disaggre-
gation of normal tissue surrounding the tumour. In addition, RCC
Received 3 November 1997 cell lines (Caki-1, Caki-2, ACHN, A-704) and breast carcinoma
Revised 28 January 1998 cell lines used as control (SKBR-3, T47-D, MCF-7) were obtained
Accepted 3 March 1998 from the American Type Cell Collection (ATCC) (Rockville, MD,
Correspondence to: JY Blay USA). All cell lines were cultured in complete RPMI-1640
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medium supplemented with 2vmglutamine, 200 U m! peni- Table 1  Cytokine pattern in supernatant of culture with RCC CM
cillin, 200pg mkt streptomycin (Gibco Laboratories, Grand

Island, NY, USA) and 10% fetal calf serum (Biowittaker, Verviers, (JgNnFﬁl) (nzers'fl) (n'gL'ri?_l)
Belgium). All these cell lines are regularly tested for mycoplasm:
infection using a specific enzyme-linked immunosorbent assaConditioned medium (CM)
(ELISA) (Boehringer Mannheim, Meylan, France) and consis SAN 8-81%) <8-812 <8-84
. HA .04 <0.01 <0.04
tently found to be negative. oul 0.030 <0016 <004
VER <0.01 <0.016 <0.04
PBMC, monocytes and lymphocytes preparation ACHN <0.01 <0.016 <0.04
A-T04 <0.01 <0.016 <0.04
Total peripheral blood mononuclear cells (PBMCs) were isolate caki-1 0.080 <0.016 <0.04
from heparinized blood obtained from healthy volunteers and fror T47-D <0.01 <0.016 <0.04
four patients with RCC in whom tumour cell lines (CAN, VER) or cm with monocytes
tumour cell cultures (LEC, DUF) were obtained, using CAN 0.53 0.42 0.77
Ficoll-Hypaque density-gradient centrifugation (Eurobio, Les g'JIA ﬁs (1)-25 8-23
Ulis, Frarllce). Monocytes gnd Iymphqcytes were further purifiec | 0.95 0.95 035
on a multistep Percoll gradient as previously described (Sallusto  a.704 0.54 1.37 1.21
al, 1994). Around 85-90% of the cells in the monocyte-enriche ACHN 0.4 3.25 0.75
fraction were positive for CD14 expression using flow cytometry Caki-1 0.08 4.7 1.03
: N : T-47D 0.05 0.016 <0.04
compared with less than 3% of the cells in the lymphocyte
enriched popu|a’[i0n. None 0.054 0.02 <0.04
LPS 2.6 35 1.13

Conditioned medium (CM) of renal cell carcinoma and
other cell lines

Carcinoma cell lines were pla_ted in 100-mm-d_iameter Petri diSheﬁonclonal antibody was kindly provided by N Burdin (Schering
at a density of & 10° cells mf*in complete medium. After 2 days  pj,4h Corporation, Dardilly, France). The anti-IL-10 monoclonal
of culture, supernatants were harvested, filtered throughpom22- antibody (Ab85) used in immunohistochemistry was kindly

mesh, aliquoted and stored at 2@0for further .invgstigations. provided by | Joab and used at a 1:200 final concentration (Emilie
Each batch was tested for mycoplasma contamination and foundé(? al, 1992: Voorzanger et al, 1996). Neutralizing anti-ENF-
be negative. polyclonal antibody (IP-300) was purchased from Genzyme
- Corporation and used at ug mtk* LPS from Escherichia coli
Culture conditions serotype 0111:B4 was used apd mi (Sigma, St Louis, MO,

PBMCs, monocytes and lymphocytes were cultured in RPMI with?SA)- Anti-HLA-DR, anti-CD14, anti-CD80, -CD45, -CD3 and
10% FCS in 24-well flat-bottomed plates (Falcon Labware,'CD20 werg purchased from Becton D|cI§|nson, Pont de Claix,
Oxnard, CA, USA) for the quantification of IL-10 production. France, anti-CD54 from Immunotech, Luminy, France and CD86,
PBMCs (16), 4 x 10° monocytes and & 105 lymphocytes anti-IL-10 (9D7) and rat isotype control from Pharmingen, San
were plated in a final volume of 1 ml with»610¢ tumoral cells. ~ Di€g0, CA, USA. G250, which stains specifically RCC tumour
In transwell (Costar, Brumath, France) culture conditions, monoS€llS (Oosterwijk et al, 1986), was kindly provided by Dr Fleuren
cytes were seeded in the upper compartment and tumoral ceffs€iden, the Netherlands). Indomethacin (Sigma) was used at the
in the lower compartment of 24-well plates. Cultures withOPtimal concentration of 3w (Kambayashi et al, 1995). The
conditioned medium (CM) were performed by addition of 5-80%/SOtyP€ control antibody for anti-IL-10 antibody (Ab85) was a
or 40% RCC CM according as specified. The positive controM0Use 19G (R & D, Abingdon, UK; 1ig mk). The isotype
for IL-10 production was obtained by addition of Iipopolysaccha—contm' antlbod_y fo_r antl-TNEx- and anti-IL-10 ant_lbodles used in _
ride (LPS), (Ing mH) to PBMCs, monocytes or lymphocytes culture neutralization experiments was a rabbit polyclonal anti-
culture. Cells cultured in RPMI with 10% FCS alone were used a80dY (R & D, 10ug mk).
negative control.

Supernatants were collected after 48 h as this time has be@fmunohistochemistry

reported to be the peak of IL-10 production by monocytes (de ) o ) o
Waal Malefyt et al, 1991). Immunochemical stainings were performed using an indirect three-

step immunoenzymatic procedure with alkaline phosphatase (AP)
(Combaret et al, 1989). Briefly, air-dried cryostat sections were
fixed for 10 min in 4% paraformaldehyde 4€4and incubated for
Purified human cytokines were used at the indicated concentr0 min with the primary antibody. After two washes in Tris-
tions: rIL-1f3 (100 units per ml) was purchased from Innogeneticsbuffered, saline (TBS) containing 0.2% bovine serum albumin
(Zwijnaarde, Belgium); rTNF (100 ng mt?), IL-6 (100 ng mtY), (BSA), slides were incubated for 30 min with AP-conjugated rabbit
basic Fibroblast growth factor (FGFb) (0.1-100 ngménd  anti-mouse immunoglobulins (Ig) (Dako, Trappes, France), washed
TGF-3 (1-100 ng mit) from Genzyme Corporation (Boston, MA, and incubated for 30 min with an AP-conjugated swine anti-rabbit
USA) and granulocyte—macrophage colony-stimulating factoig (Dako). Revelation was performed using the AP substrate (naph-
(GM-CSF) (1-100ng mf) and-IL-10 from Schering Plough thol AS MX phosphate, dimethyl formamide, levamisole and fast
Corporation (Dardilly, France). Neutralizing anti-IL-10 rabbit red), before counterstaining with haematoxylin.

Reagents
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IL-10 immunosuppression in RCC 121

Figure 1 RCC cryostat sections immunostaining (A—F). The antibodies used were Ab85 (anti-IL-10) (A), 2D1 (CD45) (B), G250 (specific for RCC tumoral
cells) (C), My-4 (CD14) (D), B1 (CD20) (E) and T3 (CD3) (F). The isotype-matched control showed the absence of background staining (data not shown).
Negative staining for IL-10 (H) in CD14* (G) cells of normal renal parenchyma

© Cancer Research Campaign 1999 British Journal of Cancer (1999) 79(1), 119-130
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Figure 2 Mean IL-10 production in co-culture of autologous PBMCs (10°
cells mi-t) with four different RCC cell lines (CAN tum, VER, LEC, DUF) or
with normal renal epithelial cells (CAN nor) (5 x 104 cells per well). Positive
control was performed using LPS for each patient. This experiment is
representative of three performed with different batch of PBMCs. IL-10
secretion by PBMCs treated with LPS or co-cultured with RCC CM is
superior to that of PBMCs cultured with normal renal epithelial cells
(Student’s t-test P = 0.001)
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Figure 3 Mean IL-10 production in co-culture of allogeneic healthy donor
PBMCs (10¢ cells during 48 h) (m), purified monocytes (4 x 10° cells during
48 h) (#) and lymphocytes (8 x 10° cells during 48 h) (=) with six different
RCC cell lines (CAN, CHA, VER, Caki-2, ACHN, A-704), one normal renal
epithelial primary culture (CAN nor) and one breast carcinoma cell line
(MCF-7). Mean IL-10 production by epithelial cells alone (carcinoma cells or
normal renal epithelial cells (0). Positive control was performed using LPS
(1 ug mi). This experiment is representative of five performed with different
healthy donor PBMCs. IL-10 secretion by PBMCs (or monocytes) treated
with LPS or cultured with RCC is significantly superior to that of PBMCs (or
monocytes) co-cultured with breast carcinoma cell lines or normal renal
epithelial cell cultures (Student’s t-test, P < 0.01)

Flow cytometric analysis

Membrane staining
Flow cytometric analysis was carried out by incubatirg BY—
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Figure 4  Intracytoplasmic IL-10 expression by allogeneic PBMCs cultured
either in medium or with an RCC cell line (CHA coc as an example) in the
presence of monensin (2 um) was characterized by staining with a PE-
conjugated anti-IL-10 antibody (9D7) (B and D). The specificity of the
labelling was assessed by preincubation of 9D7 with a 100-fold excess of IL-
10 [9D7IL-10] (A and C). A control performed with a rat IgG1 control antibody
was superimposable on the [9D7-IL-10] labelling (data not shown)
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Figure 5 Mean IL-10 production by allogeneic purified monocytes

(4 x 105 cells per ml) co-cultured with RCC cell lines (5 x 104 cells per well)
(&) or through a permeable membrane of transwell (H) or with 40% RCC
CM (m). This experiment was representative of five performed with different
healthy donors

sodium azide. The phenotype of the cells was analysed using a
flow cytometer (FACScan).

Intracellular staining

Intracytoplasmic staining of IL-10 was performed after 48 h

culture of PBMC with RCC cell lines in presence of Monensin (2

pm) (Sigma) to avoid cytokine secretion. Cells were permeabilized
for 5 min in saponin buffer (0.33%) and labelled with an anti-IL-

10 rat antibody coupled to PE (9D7) (Pharmingen) for 20 min
according to the manufacturer’s protocol. After three washes,

10 cells for 20 min in 5@l of phosphate-buffered saline (PBS) intracytoplasmic IL-10 expression was analysed on a FACScan.
with 1% BSA and 0.1% sodium azide on ice with optimal concen- Labelling specificity was assessed either with a rat IgG control
trations of the above-mentioned antibodies coupled to phycoeryantibody (R & D) staining or by preincubating 9D7 with a 100-
thrin (PE). Cells were washed three times with PBS 1% BSA 0.1%old excess of recombinant IL-10 before PBMC staining.
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Figure 6 Mean IL-10 production by purified monocytes cultured with RCC CM (40%) in medium alone (m), with a polyclonal anti-TNF-a Ab (10 pg mi-* (E3),
with indomethacin (10 mw) () or with the combination of indomethacin +anti-TNF-a Ab (£4). IL-10 production is significantly lower in the presence of anti-TNF-
a Ab (P < 0.01) but not indomethacin alone (P > 0.1). However, IL 10 secretion is significantly lower with anti-TNF-a+indomethacin compared with anti-TNF-a
Ab alone in all cell lines (Student’s t-test, P < 0.05)

Cytokine ELISA cycler model 480. The primers for IL-10 mRNA were AGAAG-
Cell supernatants, collected after 48 h of culture, were tested fOC[r;: AA1'-I;'C';I'§\'¢((3: C(AS‘,C;CL(;;Z%: é?ntraor:dw;:TJSfGo /rAn?eAdCSv-il;ﬁc;ut
the bresence of I_L-lO using a two-site sandwich ELISA_met_ho_d 2DNA adjunction in the master mix reagent. The positive control
previously described (Abrams et al, 1992). The detection limit Olyas the cDNA of the BJAB cell line (kindly provided by N

IL-10 ELISA is 0.04 ng m. TNF-a gnd PGlglgveIs n co.-cult.ure Burdin, Schering Plough Corporation, Dardilly, France).
supernatants were measured using two-site sandwich immuno-

assays purchased from Immunotech (Marseille, France) fora NF-
and from Amersham (Les Ulis, France) for BGEhe sensitivity =~ Endocytosis

of the tt?Stf was 10 pg rhland 16 pg mt for TNF-a and PGE Endocytosis was analysed using a previously described technique
respectively. (Sallusto et al, 1995). After 48 h of culture, with or without RCC
CM or the indicated antibodies and reagent, monocytes were
washed three times and resuspended in 10% FCS medium bufferec
RT-PCR for IL-10 with 25 mv hepes at 3. After 10 min, fluorescein isothio-
RT-PCR for IL-10 mRNA was performed as follows: precycle atcyanate (FITC)-dextran (DX-FITC, Molecular probe, Eugene,
94°C for 3 min; cycles 1-40 at 9@ for 1 min (strand prepara- OR, USA) was added at the final concentration ofidnt* for
tion), 58C for 2 min (annealing) and 72 for 3 min (primer 30 min, at 37C or at 4C (control). The cells were then washed
extension). Then, the reaction was held &C7fr 10 min. All  four times with cold PBS containing 1% FCS and 0.1% sodium
reactions were performed with a Perkin EImer DNA thermalazide and analysed on a FACScan.

© Cancer Research Campaign 1999 British Journal of Cancer (1999) 79(1), 119-130
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Figure 7 FACScan analysis of CD14, CD54, CD80, CD86 and HLA-DR expression on monocytes cultured in medium alone (solid line) or with RCC CM (VER)
(dotted line). Similar results were obtained with other cell lines (Caki-1, Caki-2, CHA, CAN) and with co-cultures

Phagocytosis RESULTS

_Mo_nocytes were _cultured for 48 h With or without RCC CM or the| .19 production in renal cell carcinomas

indicated antibodies and reagent. During the last 4 h of the culture, ) ) )

0.5pm latex beads coupled to FITC (1:400) (p0|ysciencesjmm_unohlstochemlcal ana_1Iy5|s of .21 RCC tumour cryostat
Warrington, PA, USA) were added to the medium. To analyse thgections was performed with an anti-IL-10 mAb (Ab 85) using a
phagocytic capacity of monocytes, cells were recovered angchnique already reported elsewhere (Emilie et al, 1992;
washed three times with PBS. The phagocytosis of the late¥oorzanger et al, 1996). A positive staining for IL-10 was
the surrounding normal renal cell parenchyma, no positive
staining for IL-10 was observed (Figure 1G and H). Ten of these
21 RCC tumour samples (including seven IL-10-positive tumours
Statistical comparison between samples were performed usifyy immunohistochemistry) were found to be positive for IL-10
Student'st-test or Student’s paireetest. mRNA expression using RT-PCR, whereas the four non-tumoral

Statistics
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Figure 8 CD14, HLA-DR and CD86 expression by allogeneic monocytes cultured in medium (dotted line) or with 40% RCC CM (VER as an example) (solid
line) alone or in presence of indomethacin (10 pm) or polyclonal antibodies (anti-IL-10 Ab and anti-TNF-a Ab) (10 pg mit). The mean fluorescence intensity
(MFI) of the isotype controls ranged from 10° to 10*

kidney samples tested were negative for IL-10 mRNA expressiopossibly because autologous PBMCs were stored frozen prior to
(data not shown). Morphological and topographical examinatiorthe experiment, whereas allogeneic PBMCs were collected and
suggested that IL-10-positive cells are in part infiltrating non-used immediately (Figures 2 and 3). In contrast, IL-10 was unde-
tumoral mononuclear cells (Figure 1B, D and F). tectable in the supernatant of the primary culture of normal renal
epithelial cells (CAN nor) co-incubated with autologous (Figure 2)
or allogeneic PBMCs (Figure 3). Similarly, IL-10 was unde-
tectable in co-cultures of allogeneic PBMCs with breast cell carci-
IL-10 was undetectable in the supernatant of all ten RCC cell linesoma cell lines (Figure 3). Purified lymphocytes (< 3% Ci)14
tested (see Figures 2 and 3 for seven representative cell linefiled to produce IL-10 in the presence of LPS or RCC cell lines
RCC cell lines were co-cultured for 48 h with autologous PBMCgFigure 3), whereas purified monocytes (85-90% CPp14
or allogeneic PBMCs from healthy donors. High levels of IL-10produced IL-10 in both of these conditions (Figure 3).
were detectable in the supernatant of the co-cultures of RCC cdlitracytoplasmic staining with an anti-IL-10 antibody (9D7)
lines with either autologous (Figure 2) or allogeneic PBMCsdemonstrated that only monocytes secreted IL-10 under stimula-
(Figure 3), as well as in the positive controls, i.e. LPS-treatedion with RCC cell lines (Figure 4B). The specificity of this
autologous PBMCs (Figure 2) or allogeneic PBMCs (Figure 3). Obtaining was assessed by preincubation of anti IL-10 with a 100-
note, RCC-induced IL-10 secretion by autologous PBMCs wasold excess of recombinant IL-10 before PBMC staining (Figure
lower than that of allogeneic PBMCs in all cell lines tested,4A). Monocytes also produced IL-10 when cultured with RCC cell

RCC cell lines induce IL-10 production by monocytes

© Cancer Research Campaign 1999 British Journal of Cancer (1999) 79(1), 119-130
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Figure 9 Endocytic capacity (mannose receptor mediated) of monocytes evaluated by dextran—-FITC (DX-FITC) incorporation (10 pg mI-*)0 at 37°C for 30 min.
Comparison of endocytosis of DX—FITC in medium (dotted line) or in presence of 40% RCC CM (VER as an example) (solid line) alone or in the presence of
polyclonal antibodies (anti-TNF-a Ab and anti-IL-10 Ab) (10 pg mi-) or indomethacin (10 pm). A non-related polyclonal antibody (see Materials and methods)
had no effect on endocytic capacity (not shown)

lines in a transwell system or in the presence of RCC CM, indithe presence of RCC but not with breast carcinoma conditioned
cating that IL-10 production was induced at least in part by amedium (able 1). A polyclonal anti-TNFE+ Ab blocked 40-70%
soluble factor produced by RCC cell lines (Figure 5). IL-100f the production of IL-10 by monocytes incubated with the RCC
production correlated with the percentage of RCC CM added i€M of CAKI-1 and VER whereas indomethacin (an inhibitor of
the culture, e.g< 0.04 ng mk with 5% RCC CM, 0.38 ng mt! PGE-2 synthesis) induced a minor inhibition of IL-10 production
with 10%, 0.68 ng mkt with 20%, 0.8 ng mt! with 40% and  (Figure 6). Anti-TNFx Ab significantly reduced the production of
1.02ng mit with 80% in a representative experiment with the PGE-2 by monocytes incubated with Caki-1 or VER CM (20.8
conditioned medium of the CAN cell line. All subsequent experi-12%; range = 57%—85%, < 0.05 using Studeistt-test in three
ments were performed with allogeneic monocytes cultured witlexperiments), indicating that PGgroduction by monocytes is in
40% RCC CM. part induced by TNRx. The combination of anti-TNBE-Ab and
indomethacin inhibited, at least additiyellL-10 production
(80-94%) (Figure 6). These results indicate that TNird PGE

are responsible for the induction of IL-10 production by mono-
TNF-a and PGE have been reported to induce IL-10 production cytes incubated in the presence of RCC CM.

by monocytes and macrophagedafidworanum and Strohe Importanty, the supernatant of the six RCC lines tested
1993; Kambayashi et al, 1995). Heat inactivation {000 min) contained only low or undetectable ThFevels and no PGE

of RCC CM reduced partially (32% to 60%) IL-10 production by (Table 1). This suggests that RCC cell lines produce a soluble
the eight diferent RCC CM tested, suggesting the co-involvemenimediator which induces TN&-and PGE production by mono-

of a heat-insensitive molecule. Indeed, high levels of TiNdd cytes, both molecules acting additively to induce IL-10 production
PGE, were detectable in the supernatant of monocytes cultured ithrough an autocrine loop.

IL-10 production is mediated by TNF- o and PGE,

British Journal of Cancer (1999) 79(1), 119-130 © Cancer Research Campaign 1999
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Figure 10 Phagocytosis of latex beads (0.5 pm) coupled to FITC by monocytes cultured in medium (dotted line) or in the presence of 40% RCC CM (VER as
an example) (solid line) alone or in the presence of indomethacin (10 pm) or polyclonal antibodies (anti-TNF-a Ab and anti-IL-10 Ab) (10 pg ml-%). A non-related
polyclonal antibody (see Materials and methods) had no effect on phagocytic capacity (not shown)

Phenotypic and functional alterations of monocytes by Modulation of endocytosis and phagocytosis capacities by

RCC: role of TNF- a, PGE, and IL-10 RCC CM

Phenotypic modifications The endocytic capacity of monocytes cultured in RPMI-10% FCS
for 48 h was evaluated using dextran—FITC incorporation (Figure

Monocytes were collected after 2 days of culture with RCC CMQ), which was inhibited by incubation &tClor with a solution of

and tested for CD14, CD54, CDBO, CD86 and HLA-DR expres. annane (0.3 mg m) (data not shown). The addition of RCC CM

sion. The conditioned medium of the five RCC cell lines teste . . .
(Caki-1, Caki-2, CHA, VER, CAN), but not of breast carcinoma VER and Caki-1 cell Ilneg), t.)u.t not breast carcmoma CM (data
not shown), completely inhibited the endocytic capacity of

cell lines (T47-D, MCF-7, SK-BR3) (not shown), induced a signif- . . .
. . . monocytes (Figure 9). This effect was partially reversed by an
icant decrease in HLA-DR, CD54 and CD86 expression, whereas . .

; ; . nti-IL-10 Ab, and completely reversed by an anti-TéNRAb,
CD14 an CD80 expression were unaffected (Figure 7). Anti-IL-1 .

: .- . whereas polyclonal control Ab had no effect (Figure 9).

Ab, but not a control polyclonal Ab, partially reversed the inhibi- .
. 7 : . In contrast, the capacity of monocytes to phagocyt@rd. fatex
tion of CD86 expression induced by RCC CM, without aﬁecmgbeads coupled to FITC was strongly enhanced in presence of the RCC(
HLA-DR expression. Indomethacin (&) partially reversed the P gy P

decrease in HLA-DR expression without affecting CD86 expres-C M (VER and Caki-1 cell lines) (Figure 10). Anti-IL-10 Ab alone

sion (Figure 8). The decrease in CD86 and HLA-DR expressior?artlally abrogated this effect of RCC CM (Figure 10). Although

induced by RCC CM could be completely abrogated by the ad dIJ_ndomethacm and anti-TN&-alone had no effect, the combination of

tion of an anti-TNFa neutralizing Ab (Figure 8) whereas the poly- Elr:)t::-lt-dl(t)heAlijnZ\rlggslg?r?m:z;h?)((::mi:czmzli-(-:riNEr;{zzi;t); r(njetr)glsr\t)lgzél:lyéM
clonal control Ab had no effect (not shown). phagocyt pacity y '
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Huang et al, 1996) and recombinant Tand PGEwere found

to act synergistically in the induction of IL-10 production by
Renal cell PCE,

carcinoma o monocytes _in vitro (not shown). l—_|owever, the capacity of
indomethacin to affect IL-10 production has not been reported.
/ e Although a role for other metabolites of arachidonic acid cannot

(Y be excluded, these results strongly suggest that dldfe PGE
are involved in the induction of IL-10 production by monocytes
elicited by RCC CM. An anti-TNF+ Ab was found capable of

/ o blocking RCC-mediated PGgroduction by monocytes, in agree-

ment with previous observations showing that ToNFaduces
\ PGE, production (Bachwich et al, 1986; Lehmmann et al, 1988;
Ch CD86 expression Alleva et al, 1993). Taken together, these results indicate that
HLA-DR expression TNF-a is a central mediator for the induction of PGid IL-10
TNF-a Endocytic capacity production by monocytes in this model. The TMRGE/IL-10
Phagocytic capacity cascade is induced by RCC cells but not by normal renal epithelial
cells or by the breast carcinoma cell lines tested.

In the present study, the addition of RCC CM potently affected
the phenotype and function of peripheral blood monocytes
cultured in vitro. RCC CM induced a down-regulation of both
CD86 and HLA-DR expression on monocytes, these phenomena
being reversed partially by an anti-IL-10 Ab and indomethacin
respectively. This suggests that RCC CM-mediated inhibition of
The objectives of this study were to investigate the production biALA-DR and CD86 expression is in part mediated by P&

RCC tumours of immunosuppressive factors that may potentiallyL.-10 respectively. Indeed, PGEnd recombinant IL-10 respec-
affect the anti-tumour immune response. The results presentéidely block HLA-DR and CD86 expression in vitro (data not
show that IL-10, an immunosuppressive cytokine, is detectable bghown), in agreement with previous reports (de Waal Malefyt et al,
immunohistochemistry in RCC tumours but not produced by RCQA991). However, indomethacin may also block other arachidonic
cells purified from these biopsies. The production of IL-10 by non-acid mediators that might play a role in this phenomenon.
tumoral cells in biopsies has also been reported in other tumoudthough the anti-IL-10 Ab tested was capable of antagonizing the
models such as non-Hodgkin’s lymphoma (Voorzanger et alinhibition of CD86 induced by similar concentrations of recombi-
1996). However, RCC cell lines, but not normal renal epitheliahant IL-10 (100 U mt) (not shown), it failed to abrogate the effect
cells or breast carcinoma cell lines, were found to produce (af RCC CM, suggesting the existence of other inhibitory factors
soluble factor(s) which triggers the production of IL-10 by autolo-elicited by RCC CM. Indeed, an anti-TNFAb abrogated the
gous and allogeneic monocytes in vitro. down-regulation of CD86 and HLA-DR expression induced by

These results are in agreement with previous observatiolrRCC CM much more efficiently than anti-IL-10 Ab or
showing that IL-10 transcripts are detectable in tumour-infiltratingindomethacin. To our knowledge, this effect of an anti-TiNAb
leucocytes of RCC tumours by RT-PCR (Filgueira et al, 1993has not been previously described. Anti-TiFray act here by
Mauerer et al, 1995; Nakagomi et al, 1995; Wang et al, 1995)nhibiting IL-10 and PGEproduction by monocytes, which may
However, in this model, monocytes were found to be the majoresult in a more efficient inhibition than the PG&nhd IL-10
IL-10 producers among PBMCs, whereas purified lymphocytesnhibitors used in this study.
failed to produce IL-10 in the same conditions. The observation In addition to these phenotypic alterations, the supernatant of
that normal renal epithelial cells are not able to induce IL-10RCC cell lines induced a strong down-regulation of endocytosis
production in vitro is consistent with the absence of IL-10 produciediated by mannose receptor, a phenomenon that was also partly
tion by the normal adjacent renal parenchyma and indicates thabrogated by an anti-IL-10 and completely inhibited by anti-
the capacity to induce IL-10 production is highly correlated with aTNF-a Ab. Endocytosis is an initial step allowing exogenous
malignant phenotype for renal epithelial cells. antigen processing within the endocytic compartment, followed by

It is also important to notice that IL-10 production was signifi- antigen presentation by MHC class Il receptors (for review see
cantly higher when monocytes and tumoral cells were in the sam\&atts, 1997). The loss of CD86 and HLA-DR expression on
well as compared with culture in a transwell system, withoutmonocytes induced by RCC CM may have important functional
contact between monocytes and tumoral cells. This observaticconsequences for the immune response against RCC cells. In vivo,
could be explained by greater concentration of soluble factors at tlie man, the lack of expression of HLA class Il antigens in RCC
contact of RCC cells, allowing the strongest activation of monotumours has been associated with a lack of response to
cytes. However, we cannot exclude the possibility that a transmenmmunotherapy with IL-2 (Cohen et al, 1987; Rubin et al, 1989).
brane molecule expressed at the surface of RCC cells mayhe results presented here suggested that the loss of HLA-DR
contribute to stimulate monocyte production of Ti&nd 1L-10. expression may be induced by RCC tumour cells themselves. The

The results presented here show that RCC CM also elicited th@multaneous inhibition of mannose receptor-mediated endocy-
production of PGEand TNFa by monocytes and that anti- tosis by the TNFa/PGE/IL-10 cascade induced by RCC CM may
TNF-a Ab and indomethacin, an inhibitor of PGfitoduction, at  further contribute to impair the antigen presentation properties of
least additively inhibited IL-10 production induced by RCC CM. monocytes in vivo.

TNF-a and PGE are well-known inducers of IL-10 production Finally, in contrast to these inhibitory properties, RCC CM were
(Wanidworanum and Strober, 1993; Kambayashi et al, 1995ound to increase the phagocytic capacity of monocytes, an effect

V' '

Figure 11 A proposed scheme for the cytokine cascade elicited by RCC

DISCUSSION
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which was partially blocked by anti-IL-10 Ab. Although de Waal Malefyt R, Abrams J, Bennett B, Figdor CG and de Vries JE (1991)
indomethacin (not shown) and anti-TNFEhad no effect. the Interleukin 10 (IL-10) inhibits cytokine synthesis by human monocytes: an
combination of anti-IL-10 Ab, indomethacin and anti-ThiFAb autoregulatory role of IL-10 produced by monocy®e&xp MedL74

1209-1220
synergistically blocked the increase in phagocytic activity. ThiSye waal Malefyt R, Yssel H and de Vries JE (1993) Direct effect of IL-10 on subsets
synergistic effect may result from the inhibition of IL-10 produc- of human CD4T cell clones and resting T cells. Specific inhibition of IL-2
tion induced by anti-TNFr and indomethacin. This is in agree- production and proliferatior Inmunol150 47544765

. . _ . milie D, Touitou R, Raphael N, Peuchmaur N, Devergnee O, Coumharas DRJ,
ment Wlt_h recent_ reports ShOWIng that IL-10 _mcreases thg_ Crevon NC, Edelman L, Jouab | and Galanaud P (1992) In vivo production of
phaggcytlc capacity of macrophages (Capsonl et al, 1995; interleukin-10 by malignant cells in AIDS lymphontzur J ImmunoR2:
Hashimoto et al, 1997). 2937-2942

The soluble factor(s) responsible for the activation of theFilgueira L, Zuber M, Merlo A, Caetano V, Schultz E, Harder F, Spagnoli GC and
TNF-G/PGEZ/IL-10 cascade are not yet characterized. RCC CM Heberer M (1993) Cytokine gene transcription in renal cell carcinBma.

. . L Surg80: 1322-1325

Cor?tam Only low or u_ndetectable levels of these medlators’ IndlIEiorentino DF, Zlotnik A, Vieira P, Mosmann TR, Howard M, Moore KW and
cating that RCC cell lines produce (a) soluble mediator(s) capable oGarra A (1991) IL-10 acts on the antigen-presenting cell to inhibit cytokine
of inducing the production of TNE-by monocytes (Figure 11). production by Thi cells] Inmunol146 3444-3451
The factor(s) respons|b|e for the Cytok”‘le Cascade |nduced by Rc@istl GA, Abrams JS, Nanus DM, Oosterkamp R, Silver J, Liu F, Chen M, Albino

. . . . . . i AP and Bander NH (1993) Interleukin-10 production by human carcinoma
CM is (are) currently under investigation since cytokines previ cell lines and its relationship to interleukin-6 expressionJ Cancers5:

ously reported to be produced by RCC, i.e. T&FGFb, IL-6, 96-101
IL-8, TGF-0 and GM-CSF, were found unable to induce IL-10 Groux H, O'Garra A, Bigler M, Rouleau M, Antonenko S, De Vries JE and
production by monocytes (not shown). Roncarolo MG (1997) A CD4T-cell subset inhibits antigen-specific T-cell

Taken together, these results indicate that RCCs induce the hr,esr’tor‘;ei anddpriﬂ"e'atstC°"“ﬁ?‘;r93i9-A137‘742Ks (1997) £nh o
. . . ashimoto 5, Yanada i, Motoyoshi K an agawa nhancement o
.prO.dl.,ICtlon of a Cyt.OKme cascade TNFPGEZHL._]'O WhIC.h macrophage colony stimulating factor induced growth and differentiation of
inhibits the expression of surface molecules involved in the  pyman monocytes by IL-1@lood89: 315-321
antigen-presenting function of monocytes as well as their mannos@ward M and O'Garra A (1992) Biological properties of interleukinid®nunol
receptor-mediated endocytic capacity. These phenomena m? Today12: 198-201

interfere with the spontaneous and therapeutic immune respon gang M, Sharma S, Mao JT and Dubinet SM (1996) Non small lung cancer-derived
soluble mediators and prostaglandiyeBhance peripheral blood lymphocyte

against RCC tumours in vivo in patients. IL-10 transcription and protein productichimmunoll57: 5512-5520
Kambayashi T, Alexander R, Fong M and Strassmann G (1995) Potential
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