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Tumors Promote Altered Maturation and Early Apoptosis of
Monocyte-Derived Dendritic Cells'

Sylvia M. Kiertscher,?* Jie Luo,* Steven M. Dubinett,* ™* and Michael D. Roth*"

Tumors produce a number of immunosuppressive factors that block the maturation of CD3% stem cells into dendritic cells (DC).
We hypothesized that tumors might also interfere with the maturation and/or function of human monocyte-derived DC. In
contrast to stem cells, we found that CD1% cells responded to tumor culture supernatant (TSN) by increasing expression of APC
surface markers, up-regulating nuclear translocation of RelB, and developing allostimulatory activity. Although displaying these
characteristics of mature DC, TSN-exposed DC lacked the capacity to produce IL-12, did not acquire full allostimulatory activity,
and rapidly underwent apoptosis. The effects of TSN appeared to be specific for maturing DC, and were not reversed by Abs
against known DC regulatory factors including IL-10, vascular endothelial growth factor, TGF-8, or PGE,. Supernatants col
lected from nonmalignant cell sources had no effect on DC maturation. The altered maturation and early apoptosis of monocyte-
derived DC may represent another mechanism by which tumors evade immune detectionThe Journal of Immunology,2000, 164:
1269-1276.

peojuMoQ

umors employ a variety of mechanisms to evade detectiorcell lines. In contrast to the responses reported for CD@decur
and elimination by the immune system (1-4). Dendritic sors, DC generated from monocytes in the presence of TSN ap- &
cells (DC}¥, which play a pivotal role in the development peared mature, expressing essential cell surface molecules, en<
of antitumor immunity (5—7), appear susceptible to tumor-medi-hanced translocation of RelB to the nucleus, and early
ated immunosuppression. Both circulating and tumor-infiltratingdevelopment of T cell stimulatory activity. However, these cells
DC are functionally impaired in tumor-bearing animals (8, 9) anddid not develop full allostimulatory activity, had a diminished ca-
in cancer patients (10-13). In vitro, CD34cells cultured with  pacity to produce IL-12 and IL-10, and rapidly underwent apopto-
tumor supernatant (TSN) fail to mature into fully functional DC sis following this early, defective maturation process. While me-
(14, 15). In these cells, TSN inhibits NEB activation (16) as well  diated by different mechanisms, TSN appears to effectively
as the normal acquisition of APC molecules such as CD80, CD86suppress the function of both monocyte- and stem cell-derived DC.
and HLA-DR. Blocking and reconstitution studies suggest that tu-
mor-secreted vascular endothelial growth factor (VEGF), M-CSFMaterials and Methods
and IL-6 mediate these effects (14, 15). Cell lines and reagents

In addition to CD34 ste.m cells, .CDlZ" monocytes provide The A549 non-small cell lung carcinoma, the IMR90 lung fibroblast, the
another source for generating functional DC (17, 18). We hyp0th'l\/|CF-7 breast carcinoma (all from American Type Culture Collection, Ma-
esized that for tumor-induced suppression to be effective, factorfassas, VA), the A427 lung adenocarcinoma (obtained from Dr. J. A. Ra-
present in the tumor environment must also interfere with the matdosevich, Northwestern University, Chicago, IL), the R11 renal cell car-
uration and/or function of monocyte-derived DC. Human adherenfinoma (generous gift of Dr. A. Belldegrun, UCLA School of Medicine,

;i . Los Angeles, CA), and the UCLA-SOM-M14 (M14) melanoma cell lines
PBMC were cultured with GM-CSF and IL-4 in the presence Of were maintained in complete medium composed of RPMI 1640 (Irvine

absence of culture supernatants collected from a variety of tumogcientific, Santa Ana, CA) supplemented with 10% heat-inactivated human
AB serum (Gemini Bioproducts, Calabasas, CA), penicillin-streptomycin-
Fungizone (Life Technologies, Grand Island, NY), and 10 mM HEPES
*Division of Pulmonary and Critical Care Medicine aridonsson Comprehensive (Sigma, St. Louis, MO). Cytokines used for DC generation and stimulation
Cancer Center, University of California, Los Angeles, School of Medicine, Los An- ; _ Y4 . ; o
geles, CA 90095; antWest Los Angeles Veterans Affairs Medical Center, Los An Ilir’ll(c:)llljgﬁdReGs'\gacr;cshFln(:t?t-utzake%\.illv%or%l? ,\? J/)m ?L‘—é’l)r(os\;)ldzgt}? %’LO%CS /?:g,g

les, CA 9007 I 2 » NJ), IL-4 (sp. ;
geles, CA 90073 R&D Systems, Minneapolis, MN), CD40L (provided by Immunex, Seattle,
Received for publication July 8, 1999. Accepted for publication November 18, 1999.\WA), and IFN-y and IL-12 (Peprotech, Rocky Hills, NJ). Abs used for
The costs of publication of this article were defrayed in part by the payment of pagePhenotyping included fluorescently conjugated anti-HLA-DR and anti-
charges. This article must therefore be hereby maddaertisemenin accordance ~ CD80 (Becton Dickinson, San Jose), anti-CD14 and anti-CD40 (Caltag
with 18 U.S.C. Section 1734 solely to indicate this fact. Laboratories, Burlingame, CA), anti-CD83 (Serotec, Raleigh, NC), and
1 This work was supported by a Young Investigator Grant from the American Lung@nti-CD11c and anti-CD86 (PharMingen, San Diego, CA). Abs used to
Association of California and Grant RG-062-N from the American Lung Association purify DC (anti-CD3, anti-CD19, anti-CD56) and T cells (anti-CD14, anti-
(S.M.K.); by National Institutes of Health Grant RO1 CA71818, Medical Research CD16, anti-CD19) were obtained from PharMingen (no azide, low endo-
Funds from the Department of Veterans Affairs, the Research Enhancement Awartbxin). Neutralizing Abs were used at 5-u@/ml and included anti-IL-10,
Program in Cancer Gene Medicine, and the Helen Neufeld Research Career Deveinti-VEGF, anti-TGFB (all from R&D Systems), and anti-PGHgener

opment Award (Stop Cancer Award) (S.M.D.); and by Grant 2CB-0160 from the IV provi Portanov. D rl Kkokie. 1L
Breast Cancer Research Program of the University of California and funds from thé)us y provided by J. Portanova, G. D. Searle, Skokie, IL).

Jonssqn Comprehenswe; Cancer Centerl Eoundatlon (M.D.R.). SIM.D. is a Care‘ff’reparation of TSN and TSN-exposed DC

Investigator of the American Lung Association.

2 Address correspondence and reprint requests to Dr. Sylvia Kiertscher, UCLATSN were prepared by seeding 25%ftasks with 1x 10° tumor cells in
School of Medicine, 37-131 CHS, Los Angeles, CA 90095-1690. E-mail address: 10 ml of complete medium. The culture supernatants were collected after
skiertscher@mednet.ucla.edu 24 h, centrifuged to remove cells, and stored-8°C. DC were generated

3 Abbreviations used in this paper: DC, dendritic cells; LFI, linear fluorescence in romM th_e adherent fraction of peripheral blood, as prgVIOUSIy described (17,
tensity; TSN, tumor supernatant; VEGF, vascular endothelial growth factor; CD40L,19). Briefly, PBMC were allowed to adhere for 2 h in culture flasks, non-
CD40 ligand. adherent cells were gently removed, and the remaining cells were cultured
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in complete medium supplemented with 800 U/ml (71 ng/ml) GM-CSF and
500 U/ml (63 ng/ml) IL-4. The effects of TSN on DC maturation were
examined by replacing 0-50% of the culture medium with TSN at the
initiation of culture. In some experiments, the TSN was washed out after
24 h and replaced with fresh medium and cytokines. In other experiments,
IL-12 was added in addition to GM-CSF and IL-4. After either 4 or 7 days
in culture, all free or loosely adherent cells were collected by vigorous
rinsing. DC were further purified by negative depletion using an Ab mix-
ture in conjunction with anti-mouse lg-conjugated immunomagnetic beads
(17) (Dynal, Lake Success, NY). To examine the effects of TSN on mature
DC, control DC were collected on day 7 and cultured for 40 h in fresh
medium and cytokines, in the presence or absence of 50% TSN.

DC phenotype and function

DC were analyzed by three-color FACS analysis using a FACScan Il flow
cytometer and CellQuest software (Becton Dickinson) with 5,000-10,000
events acquired for each sample. Control and TSN-DC collected on days 4
and 7 were assayed for their ability to stimulate allogeneic T cells in an
MLR. Purified DC were cocultured with X 10° CD3* T cells from an
unrelated donor at ratios of 1:20, 1:50, and 1:100 DC:T cells. Allogeneic
CD3* T cells were prepared by negative depletion of nonadherent PBMC
with an Ab mixture and immunomagnetic beads. The assays were per-
formed in triplicate in round-bottom 96-well plates. No TSN was present 3

during the MLR assay. After 5 days of coculture, the wells were pulsed for ] 5995
18 h with 1 uCilwell tritiated thymidine (Amersham, Arlington Heights, 3

IL). Endocytosis was assessed by uptake of FITC-dextran (20). DC were 3

incubated for 1 h at 37°C in the presence of 1 mg/ml FITC-dextran (40,000 3 433 642

m.w.; Molecular Probes, Eugene, OR). Control cells were incubated on ice
for 1 h. After extensive washing, the cells were analyzed by single-color
FACS analysis. Cytokine production was assessed by stimulating purified ]
DC (3 X 10° cells/ml) for 24 h with CD40L (1ug/ml) in the presence or ., y
absence of IFNy (1000 U/ml) (21). DC supernatants were then analyzed CcCD83— CD11c—>»
by ELISA for IL-12 p70 (Genzyme, Cambridge, MA), PGEAb pairs; ) )
Cayman Chemical, Ann Arbor, MI), and IL-10 (Ab pairs; PharMingen). FIGURE 1. TSN promoted early phenotypic maturation of monocyte-

] derived DC. Cells were collected after 4 days of culture in GM-CSF and
Western blot analysis of RelB IL-4 in the presence or absence of 50% TSN, and stained with mAbs
DC collected on days 4 and 7 were pelleted, washed, and lysed (4°C, 1directed against APC surface molecules. The white histograms represent
min; 10 mM HEPES, pH 7.9, 10 mM KCI, 1.5 mM Mggl0.1 mM EDTA,  control DC, while the shaded histograms represent TSN-DC. Numerical
1 mM DTT, 0.5 mM PMSF, and 0.6% Nonidet P-40). After centrifugation values denote the mean fluorescence intensity, which was calculated by
(6000 rpm, 10 min), the supernatant (cytoplasmic protein) was collectedsubtracting the autofluorescence of unstained cells (black histodpatm,
The pelleted nuclei were mixed with buffer (20 mM HEPES, pH 7.9, 0.4 tom right panel) from the fluorescence intensity of the Ab-labeled cells.
M NaCl, 1.5 mM MgC}, 0.1 mM EDTA, 0.1 mM EGTA, 0.5 mM DTT,  The data shown are representative of five similar experiments.
0.5 mM PMSF, 25% glycerol) and kept on ice with occasional vortex
mixing. After centrifugation (13,000 rpm, 10 min), the supernatant (nuclear
protein) was collected. For Western blotting, 29 protein samples were

resolvi n a 12% SDS-PAGE gel and transferred to Hybond-ECL mem:. ; ; ;
berzzesed(Aom:rshamsLifse chncg: i\rﬁng?or? ?—le?gdhtg, IyLl)).oTﬂe SVestgmpresentatlon, including CD8O (B7-1), ¢D86 (B7-2), CD40, and ¢,
analysis was performed using anti-RelB and anti-actin (both from Santai"LA'DR' A marker expressed on both immature and mature DC, @
Cruz Biotechnology, Santa Cruz, CA) and the Amersham Life ScienceCD11c, was reduced in cells cultured with TSN, while the same =
enhanced chemiluminescence protocol. cells expressed higher than control levels of CD83, a marker of ,
more mature DC. Between days 4 and 7, the expression of APC 8
markers, as measured by mean linear fluorescence intensity (LFI),
s oot e o s s oo s s manained (CD80, SS1. v $13 LFI COB3, 9 ve €3 L7
PITC, with dead cells identiied with propidium iodide (Bende? Med. CDLc, 5995 vs 5913 LFI) or continued to increase (CD86, 2204
Sytems kit, distributed by Biosource International, Camarillo, CA). TheseVS 3293 LFI; CD40, 494 vs 576 LFI; HLA-DR, 3365 vs 4734 LFI)
results were confirmed using a FACS-based TUNEL assay (APO-BrdU kiton control DC. In contrast, APC marker expression remained rel-
PharMingen). For both of these assays, 10,000 events were collected on tiagively constant (CD86, 6637 vs 6108 LFI; HLA-DR, 4752 vs
FACScan Il cytometer and analyzed with CellQuest software. 4990 LFI) or significantly decreased (CD80, 2137 vs 1290 LFI;
R | CD40, 1101 vs 715 LFI; CD83, 433 vs 102 LFI; CD11c, 2642 vs
esults 910 LFI) on DC grown in the presence of TSN. To evaluate the
To evaluate effects of the tumor environment on the maturation otlifference between tumor-related and non-tumor-related effects of
monocyte-derived DC, adherent PBMC were cultured with GM-cell culture supernatants, adherent PBMC also were cultured with
CSF and IL-4 in the presence or absence of TSN from the A54%GM-CSF and IL-4 in the presence of supernatants from the non-
lung cancer cell line. Maturing DC were assessed at days 4 and malignant lung fibroblast cell line IMR90, or from cultured allo-
of culture for expression of APC surface molecules by FACS, Tgeneic PBMC. These supernatants had no effect on maturing DC
cell stimulatory activity in an allogeneic MLR, endocytotic capac- phenotype (results not shown).
ity, translocation of RelB to the nucleus, and the ability to produce A number of tumor-derived factors with the capacity to alter the
cytokines in response to stimulation by CD40L. maturation of CD34 DC precursors (VEGF, TGB) (14) or
CD14" precursors (IL-10, PGE (22—24) are produced by A549
(25-27). The role of these factors in TSN-induced phenotypic
As shown in Fig. 1, exposure of maturing DC to TSN enhancedchanges was evaluated by adding neutralizing mAbs to the culture
their early expression of cell surface molecules associated in Agnedium during DC maturation. Neutralization of these cytokines
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Table I. Neutralizing Abs to VEGF, TGB; PGE,, and IL-10 do not block the effects of TSN on DC phenotype and apdptosis

Phenotype
Apoptosis
B7-2 HLA-DR CD40 B7-1 (% annexin binding)

Expt. 1

No TSN 2502.6 1539.8 337.0 61.6 29.3

TSN 3567.9 1308.0 563.7 587.4 50.1

TSN + anti-VEGF 4120.2 1557.4 551.3 814.3 46.6

TSN + anti-TGF8 4815.5 1855.6 554.9 898.1 40.6

TSN + anti-PGE and a-IL-10 6637.5 2609.8 1025.8 2333.7 53.0
Expt. 2

No TSN 2177.2 1423.1 306.4 39.9

TSN 5923.8 2105.7 1154.4 923.1

TSN + anti-PGE 5456.5 2052.3 838.2 753.7

TSN + anti-IL-10 7548.7 3088.7 1072.8 1875.6

TSN + anti-PGE and a-IL-10 7519.0 2909.1 1225.8 2224.4

@ Cells were collected after 4 days of culture in GM-CSF and IL-4 in the presence or absence of 50% TSN, with neutralizing Abs to the noted factors. Neutralizing Abs were
used at 5-1Qug/ml. APC cell surface molecule expression was assessed by staining with mAbs. Numerical values denote the mean fluorescence intensities. Apoptosis was
measured by annexin binding and is expressed as percentage of positive cells.

did not prevent the premature phenotypic maturation of monocyteNuclear translocation of RelB

derived DC, and in the case of anti-IL-10, appeared to enhance th?ranslocation of RelB to the nucleus, an event associated with DC

TSN effect (Table ). maturation (28, 29), was assessed by resolving nuclear and cyto-S

An allogeneic MLR was used to compare the T cell stimulatory o smic proteins on SDS-PAGE gels, followed by Western blot-
activity of control and TSN-exposed DC (Fig. 2). Correspondingy;g - consistent with the increased allostimulatory activity of the

to the early and heightened expression of APC markers, DC exrgn.pe on day 4, there were high levels of RelB protein in both
posed to TSN also displayed higher allostimulatory activity at day,[he cytoplasm and nucleus, while only minimal levels were ob-
4 compared with control DC. However, despite this early increaseserved in control DC on day 4 (Fig. 4). However, by day 7, the
the degree of allostimulatory activity exhibited by TSN-DC did not levels of RelB were greatly reduced in TSN-DC, while control DC

reach the maximal level exhibited by control DC, and decreased,,veq enhanced nuclear translocation of RelB, consistent with
significantly by day 7. In contrast, DC cultured under normal CON-their slower maturation

ditions showed a consistent increase in allostimulatory activity be-
tween days 4 and 7, corresponding to their continued maturatio@;ytokine production by DC

over the 7-day culture. . .
Heightened endocytotic activity is characteristic of cytokine- | € @bility of DC to produce IL-12 when stimulated through CD40

derived DC and their enhanced capacity to capture and proceds Important for the generation of protective immunity. Stimulation
Ags. We measured mannose receptor-mediated endocytosis by tHéth the combination of CD40L and IFN-resulted in production
temperature-dependent uptake of FITC-labeled dextran (Fig. 3f?f IL-12 p70 (the bioactive form of IL-12) by the control cells, but
Compared with control DC, TSN-exposed DC internalized only "0t Py DC exposed to TSN (Table II). The DC exposed to TSN
63% as much FITC-dextran on day 4, and only 50% as much

FITC-dextran by day 7.

04} papeojumod
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FIGURE 2. TSN promoted the development of early, but ultimately less ]
potent, allostimulatory activity in monocyte-derived DC. Control and ]

w0 1t 102 108 1od 109 10! 10f 10® 1o

TSN-DC were collected and purified on days 4 and 7 of culture. Purified
FITC-Dextran ———»

DC were added at various ratios to<110° allogeneic CD3 T cells. After
5 days, proliferation was assessed by the addition of tritiated thymidine foFIGURE 3. DC exposed to TSN had a decreased ability to take up
18 h. The data shown are the average cpm of three replica®3, and are  FITC-dextran. Control and TSN-DC were collected and purified on days 4
representative of three similar experimentsp < 0.002 compared with  and 7 of culture. Cells were incubated with FITC-dextran for 1 h, washed
day 4 control DC:x*, p < 0.006 compared with day 4 TSN-DC, apd< extensively, and analyzed by FACS. The open histograms represent uptake
0.0005 compared with day 7 TSN-DC. at 0°C, whereas the filled histograms represent uptake at 37°C.
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FIGURE 4. TSN increased levels of RelB in both the nucleus and cy-
toplasm of monocyte-derived DC. Control and TSN-DC were collected and
purified on days 4 and 7 of culture. Nuclear and cytoplasmic proteins were
resolved by SDS-PAGE, and Western blots were performed with anti-RelB
and anti-actin Abs. The data shown are representative of three similar
experiments.

also were impaired in their ability to produce IL-10, but did re-
spond to stimulation by producing PGt levels equal to or
greater than that produced by control DC.

TSN induced early DC apoptosis

Viable cell yield was reduced in DC cultures containing TSN
(70 = 1.4% of controln = 4), leading us to investigate the effect
of TSN on DC apoptosis. As shown in Fig. 5, the percentages of
both apoptotic (51.4 vs 6.7%) and dead (24 vs 12.5%) cells were
higher in the day 4 TSN-DC. It is unlikely that the apoptosis-
inducing effect of TSN was due to changes in cell culture pH or
nutrient deprivation, since as little as 1% TSN produced substantial
increases in annexin binding (Fig. &ft panel). In addition, su-

pernatants from neither allogeneic PBMC nor the nonmalignanFIGURE 5. TSN induced apoptosis in developing monocyte-derived DC.
lung fibroblast cell line IMR90 increased DC apoptosis. The ef-Control and TSN-DC were collected and purified on day 4 of culture. Apo-

fects of TSN on DC apoptosis were not neutralized by Abs againsptosis was assessed by binding of annexin V-FIAL 4nd by a FACS-based
TUNEL assay utilizing Br-dUTP and anti-bromodeoxyuridine-FI'B}. (TdT,

ethe enzyme necessary for the incorporation of Br-dUTP into exposéiH3
NA ends. The data shown are representative of three similar experiments.

IL-10, VEGF, TGFg, or PGE, (Table I).
In contrast to the effects on DC precursors, TSN did not induc

apoptosis in resting or activated T cells. TSN was added at a 500/%

concentration to CD3 cells alone, or to CD3 cells undergoing
activation with IL-2 or immobilized anti-CD3/CD28. Although the
presence of IL-2 or anti-CD3/CD28 both induced a certain level of

apoptosis (11.6% and 49.4%, respectively), no enhancement of . o .
pop ( Ny 0 P Y) ?nduced similar levels of apoptosis in DC (Fig. ght panel).

this level was seen with the addition of TSN (IL-2 TSN, 12.3%;

anti-CD3/CD28+ TSN, 50.6%). Taken together, these data sug-\One Of the day 6 TSN-treated DC were capable of producing
JL-12 at the same levels as the control cells following stimulation

with CD40L and IFNy (A427 and R11<2 pg/ml; M14, 9 pg/ml),
although MCF-7 TSN-treated DC did produce moderate amounts
(630 pg/ml). In addition, TSN from all of the tumors enhanced
TSN obtained from an additional lung cancer (A427), a breas€Xpression of characteristic cell surface molecules (Fig. 7), and
cancer (MCF-7), a renal cell carcinoma (R11), and a melanoméesulted in cells with enhanced allostimulatory activity at day 4
(M14) cell line also were evaluated for their effect on DC matu- (data not shown), suggesting that the immunomodulating effects
ration. At day 4 of culture, TSN from all of the tumor cell lines mediated by A549 are shared by a variety of tumor types.

gest that the apoptosis-inducing effects of TSN are specific fo
maturing DC.

TSN from a variety of tumor types induced DC apoptosis

A. Annexin Binding

TUMORS DISRUPT MATURATION AND INDUCE APOPTOSIS IN DC

Propidium lodide

6.7%
R T
Annexin-FITC —»

v
10

B. TUNEL Assay

7

10

Control DC
No TdT

9%

Control DC
+ TdT

TSN-DC
No TdT

02 10 10t 10
BrdU-FITC —»

10?  1o

Table Il. DC exposed to TSN have a decreased ability to produce IL-12 and3L-10

IL-12 p70 (pg/ml) IL-10 (pg/ml) PGE, (pg/ml)
Control +TSN Control +TSN Control +TSN
Day 4
Unstimulated <2 <2 10 12 480 700
CD40L <2 <2 32 45 750 650
CD40L + IFN-y 114 <2 107 10 1220 770
Day 6
Unstimulated <2 <2 13 9 600 590
CD40L 23 <2 442 12 920 1140
CD40L + IFN-y 975 12 369 11 650 1336

a Control and TSN-DC were collected and purified on days 4 and 6 of culture. Purified RCL(B cells/ml) were stimulated for 24 h with CD40L dg/ml) with or without
IFN-vy (1000 U/ml). ELISA assays for IL-12 p70, IL-10, and PS&ere performed on the supernatants. The data shown are representative of two similar experiments.
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FIGURE 6. DC apoptosis was TSN concentration dependent and oc-
curred with all tumors tested. DC were generated in the presence of 1-50%.
A549 TSN (left panel), or in the presence of 50% TSN from various tumor
cell lines (right panel). Control and TSN-DC were collected and purified
on day 4 of culture. The percentages of apoptotic and dead cells were
determined by annexin binding and propidium iodide staining. The data

135.94%4

Propidium

"7 69% i :
Annexin-FITC ——»

shown are representative of three similar experiments. &
[ o
[ ©
£ ] & N
3
. 2 1 : )
TSN affected developing, but not mature DC 3 293 396 450 g
DC precursors exposed to TSN for only the first 24 h of culture CDA40 expression ———— 3 %
demonstrated altered maturation and apoptosis similar to that ob- ) . &
FIGURE 8. Exposure to TSN for the first 24 h of culture was sufficient &

served with cells continuously exposed to TSN (Fig. 8). In Con._to alter phenotypic maturation and enhance apoptosis in monocyte-derived =

trast, DC precursors that were allowed to mature for 7 days inyc pe yere generated with GM-CSF and IL-4 under three different con- %
GM-CSF and IL-4 before exposure to TSN for 48 h resembledditions: no TSN added, TSN present for the entire culture period, or TSN =

—

control DC (Fig. _9)-_ Th'ese cells did not up-regulate H'LA—DR, removed after the first 24 h of culture. DC from the three groups were 2
CDB80, or CD86, indicating that TSN does not act as a final mat—ollected on day 4 and assessed for cell surface molecule expression an
uration factor like LPS, CD40L, and monocyte-conditioned me-apoptosis. The percentages of apoptotic and dead cells were determined b

dium (30-35). Therefore, the effects of TSN appear to be matuannexin binding and propidium iodide staining. Phenotypic analysis was =;
ration deper‘]den’[l ac’[ing 0n|y on DC precursors and nowperformed with fluorescently labeled anti-CD40 and anti-CD80, and the 3
mature DC. mean fluorescence intensities are noted. The data shown are representativé

of three similar experiments.

IL-12 did not protect against TSN-induced apoptosis of DC

It has been demonstrated that IL-12 protects DC from the induc-
tion of apoptosis by anti-Fas Ab in vitro (36), and is involved in the duction of apoptosis by TSN. We added a range of IL-12 concentra- @
survival-enhancing effect of CD40 ligation in vivo (37). Coupled tions (0.2-100 ng/ml) to adherent PBMC at the initiation of DC cul-

with the lack of production of IL-12 by the TSN-exposed DC, it is ture. As shown in Fig. 10, addition of IL-12 did not decrease the level o

Aq /610 jou

.. . S
possible that exogenous IL-12 could have a similar effect on the inof apoptosis in the TSN-DC. No change was observed in the expres- <
sion of APC cell surface molecules (data not shown). 3
N
1500 N
— B7-2 HLA-DR ]
4000 - ] DC + Medium DC + TSN =
M = 1000 5T 1. ,
b=
- 3
2000 - 1 | 500- o
o
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FIGURE 9. TSN did not induce apoptosis in mature monocyte-derived
FIGURE 7. TSN from a variety of tumor types promoted early pheno- DC. DC were generated from adherent cells with GM-CSF and IL-4. After
typic maturation of monocyte-derived DC. DC were generated in the pres7 days of culture, the DC were collected and purified, then cultured for an
ence of 50% TSN from various tumor cell lines, as described in Fig. 6.additional 40 h in fresh medium and cytokines, in the presence or absence
Their phenotype was assessed by staining with mAbs directed against APaf 50% TSN. The percentages of apoptotic and dead cells were determined
surface molecules, and is expressed as linear fluorescence intensities. Thy annexin binding and propidium iodide staining. The results shown are
data shown are representative of two similar experiments. representative of four similar experiments.
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100 consistent with the failure of the cells to develop APC phenotype
O Exp. 1 Exp.2 = Dead . .

A god W Apoptotic or functional activity (16). Monocyte DC precursors exposed to
s TSN demonstrated increased levels of both cytoplasmic and nu-
2 601 clear RelB. This increase coincided with the rapid up-regulation of
S ] APC cell surface molecules and activity, but levels diminished
§ substantially by day 7, corresponding to a reduction in functional

E 20 H H H activity. In contrast, control DC reached their maximal levels of
oL L AL WAL AT AT RelB expression at day 7, corresponding to their slow, progressive
/@éxg‘];,\@@éx@‘}x@ e x»@ @Q&cfx@\& deyelopment qf .APC cel! surfaF:e 'molecule expression and allo-

& & x x stimulatory activity. Despite their differences in response to TSN,

the expression and translocation of RelB appear to coincide with

ptosis. Cells were cultured for 4 days in GM-CSF and IL-4 in the presencéggsﬁcguIsltlangf APC function in both monocyte and
or absence of 50% TSN, with or without 0.2—100 ng/ml IL-12. The per- -aernve o . )
centages of apoptotic and dead cells were determined by annexin binding 1N number of DC infiltrating tumor sites has been correlated

and propidium iodide staining. The results shown are representative ofvith prognosis and survival (38). Many tumors have reduced num-
three similar experiments. bers of DC, and those DC that are present have low functional

activity (8—13). Our data suggest that tumor-derived factors induce
monocyte-derived DC to undergo apoptosis early during their mat-
uration. Furthermore, the cells that remain viable at day 7 have
reduced allostimulatory activity and do not produce IL-12, but
rather produce high levels of PGEThe functional consequences

FIGURE 10. Exogenous IL-12 did not prevent TSN-induced DC apo-

Discussion

Circulating and tumor-infiltrating DC collected from cancer pa-

tients appear to be phenotypically and functionally defective (10— these cytokine changes may be quite important because a re-o
12). A variety of tumor-derived cytokines, including VEGF, IL-6, ,ction in IL-12 levels may prevent stimulation of Thl T cell

and M;CSF’ have b_een_ shown to alter the mat;Jration O_f DCf: frorr}esponses, and skew responding T cells toward a Th2 response (39,
(.:D34 precursors in vitro (14, 15). Instead of producing func- 40). In addition, IL-12 has been reported to act as an antiapoptotic §
tionally act_lve DC, thes_e factors pr_omote the development Offactor for DC (36, 37), and lack of production by DC may con-

monocyte-like cells with little APC activity. These TSN effects led tribute to early cell death. However, in our hands, the addition of

us to hypothesize that factors present in the tumor environmenéxogenous IL-12 was unable to prevent TSN-induced DC apopto-

might similarly interfere with the maturation and/or function of . Although TSN-exposed DC do not produce IL-10, enhanced
monocyte-derived DC. Although we confirmed this hypothesis, thelev.els of PGE in the lung tumor microenvironment h,ave been

mechanism by which TSN acts on monocytic DC precursors apshown to promote IL-10 production by T cells and tumor cells

pears o be quite unique. In_contrast o its effects on_C*DBrte- (41). In the absence of IL-12 production by the DC, increased
cursors, we found that TSN induced an early maturation of monoievels of IL-10 mav lead to the develooment of Aa-specific aner

cyte-derived DC, as characterized by rapid up-regulation of CD80 42 43). Other i ylea h P d hg P Ki f.?y Q
CD86, and HLA-DR, translocation of RelB to the nucleus, and( : 43). Other investigators have compared the cytokine profiles <

early development of allostimulatory activity. However, this mat- of progressing and regressing metastases obtained from the sam&

g
2
3

0’ jounwiw i [:mmm//:dny

uration process was ultimately defective, resulting in DC thatpatiem’ and have reported that progressing metastases express higg

failed to produce IL-12 after stimulation by CD40L, exhibited re-
duced endocytotic activity, failed to develop full allostimulatory

levels of IL-10, while regressing metastases express IL-1, JFN-
and IL-12. DC from progressing metastases induced anergy in

o

activity, and underwent rapid apoptosis. CD4" T cells, which could be reversed by the addition of exog-

DC maturation is a coordinated process involving up-regulation®"0Us 1L-12 or IL-2 (13).
of cell surface molecules, cytokine production, and functional ac- APOPt0Sis is a tightly regulated process that occurs normally
tivity (28). DC that fail to develop properly may be unable to during cellular activation, maturation, and senescence. We ob-
stimulate Ag-specific T cells, or may promote the development ofS€rved DC apoptosis late in the maturation of control DC, and a
T cell anergy (13). It appears that TSN disrupts the maturatiorsimilar outcome has been reporteq for activated T cells (44) apd
process by inducing monocyte DC precursors to develop some, bifer DC induced to mature by bacterial engulfment (28). Apoptosis
not all, of the characteristic properties of DC. The resulting DC,May Serve an important role by removing cells after they have
while appearing phenotypically mature, have functional defects€rved their functional purpose and allowing the immune system to
that impact on their ability to stimulate specific T cell responses. In€turn to homeostasis. Our data suggest that tumor cells may take
addition, TSN-exposed DC undergo apoptosis at an early tim&dvantage of this process by promoting a premature apoptosis that
point, reducing the window of time during which they might in- destroys DC before they can effectively interact with T cells. Cer-
teract with T cells in vivo. These effects of TSN on monocyte DC tain factors and events have been shown to promote the survival of
precursors are clearly different from those reported for CDB€ ~ mature activated DC, including exogenous IL-12, TRANCE, and
precursors. CD34 cells exposed to TSN during DC maturation do CD40L (36, 45, 46), as well as survival signals provided by Ag-
not up-regulate CD80 and CD86 expression, develop only minima$pecific interactions with T cells (47). It is unclear whether these
HLA-DR expression, and never acquire significant APC activity Substances have the same antiapoptotic effect on developing DC,
(14, 15). The differential effects of TSN on maturation of DC from and an evaluation of their ability to counteract the effects of TSN
CD34" and monocyte precursors suggest two distinct pathways byvill be the focus of further study.
which tumors might suppress immune recognition. The use of ex vivo generated DC to overcome the APC defi-

Activation of the NFxB/RelB family and translocation of RelB  ciencies in cancer patients is the rationale behind recent clinical
from the cytoplasm to the nucleus are associated with the matustudies. Methods have been developed to pulse DC with tumor Ags
ration of DC (28) and development of Ag-presenting activity (29). before readministration to the patient, with the hope that an in-
Factors that prevent DC maturation from CD3grecursors also crease in the number of functional tumor Ag-presenting DC will
inhibit NF-«kB activity and decrease RelB and c-Rel activation, generate specific antitumor responses and immunity. Deleterious

TZ0g ‘LT 9UNn( uo 19
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effects of tumors on readministered DC could have serious conse-
quences for the efficacy of these treatments. Encouragingly, our
results suggest that DC reach a maturation point at which TSN has
little or no effect. Although early exposure results in dysfunctional
maturation and apoptosis of DC, addition of TSN to day 7 DC did
not induce phenotypic changes or apoptosis. Reports that DC pre-
pared ex vivo from monocyte precursors were able to stimulate

antitumor responses in patients are consistent with this observatiot$-

(48-50).

In summary, tumors have at least two mechanisms by whichpo.

they can alter DC maturation and function. The first, mediated by
tumor-derived VEGF, M-CSF, and IL-6, affects CD3grecursors
by promoting the generation of immature DC that lack the cell
surface phenotype and T cell stimulatory activity characteristic of
mature, functional DC (14, 15). The second pathway, demon-
strated in this study, is the ability of soluble tumor-derived factors
to promote dysfunctional maturation and early apoptosis of DC
developing from monocyte precursors. This ability was observec%
even at low TSN concentrations, and was common to a variety o
tumor types. The cytokines IL-10, TGB-and VEGF, which have
been shown to have immunomodulatory effects on CD&dd/or
CD14" DC precursors, are produced in picogram quantities by
A549. However, the addition of neutralizing Abs to these factors

did not block TSN-induced changes in phenotype and apoptosi€*

The factor(s) and mechanism responsible for these effects of TSN
remain to be determined and are the focus of ongoing study. By

acting on both CD34 and monocyte DC precursors, tumors might 25

effectively evade immune recognition and prevent the establish-
ment of an antitumor T cell response.
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