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Restoration by IL-15 of MHC Class I Antigen-Processing
Machinery in Human Dendritic Cells Inhibited by
Tumor-Derived Gangliosides’

Irina L. Tourkova,* Galina V. Shurin,* Gurkamal S. Chatta,” Lori Perez,* James Finke,"
Theresa L. Whiteside,*** Soldano Ferrone,! and Michael R. Shurin?*

We have recently reported that MHC class I Ag-processing machinery (APM) component expression in dendritic cells (DC) might
be down-regulated by tumor cells. However, the tumor-derived factors responsible for inhibition of the APM component expres-
sion in DC generated in the tumor microenvironment as well as potential protective mechanism have not yet been investigated.
In this article, we demonstrate that expression of several MHC class I APM components, including MB1 (5), LMP2, LMP7,
LMP10, and ERpS57, is significantly down-regulated in human DC generated in the presence of primary oral squamous cell
carcinoma cell lines or coincubated with purified gangliosides. Suppression of MHC class I APM component expression in DC
generated in the presence of tumor cells was significantly attenuated by the inhibition of glucosyl transferase in tumor cells,
suggesting that tumor-induced MHC class I APM component down-regulation in DC was mediated in part by oral squamous cell
carcinoma-derived gangliosides. Furthermore, rIL-15 restored both tumor cell-induced and ganglioside-induced MHC class I
APM component expression in DC, as well as their ability to present Ags to autologous Ag-specific T cells. These results dem-

onstrate that IL-15 restores MHC class I APM component expression in DC down-regulated by tumor-derived gangliosides. The

Journal of Immunology, 2005, 175: 3045-3052.

endritic cells (DC)? are the most efficient APCs, capable
D of priming naive T lymphocytes. DC play a crucial role

in the generation of tumor Ag (TA)-specific immune
response by activating Ag-specific naive MHC class Il-restricted
CD4™" T cells as well as MHC class I-restricted CD8™ T cells (1,
2). DC are also capable of cross-presenting exogenous Ags via the
MHC class I Ag-processing pathway (3, 4). To escape from im-
mune recognition, tumor cells have evolved mechanisms that in-
duce dysfunction of the DC system. Suppressed DC functions have
been reported in various in vitro models simulating the tumor mi-
croenvironment, and in tumor-bearing animals, as well as in cancer
patients (5-7). Several reports have described inhibitory effects of
soluble tumor-derived factors such as IL-6, IL-10, TGF-8, vascu-
lar endothelial growth factor, and gangliosides on DC generation
and function (8—11). Many tumor cells express membrane-associ-
ated gangliosides, which may be shed into the tumor microenvi-
ronment (12, 13). Purified or tumor-derived gangliosides inhibit
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the ability of human monocytes and DC to initiate MHC class II
Ag-restricted T cell responses, by down-regulation of costimula-
tory and MHC class II molecules on DC. Gangliosides also reduce
IL-12 and TNF-a production by DC (14-17). However, it is un-
known whether gangliosides might have effects on Ag-processing
machinery (APM) component expression. We have recently re-
ported that MHC class I APM components in DC is down-regu-
lated by tumor cells (18). However, the molecular mechanisms
underlying these phenotypic and functional changes in DC have
not yet been investigated.

APM components play a crucial role in the assembly of the
trimolecular MHC class I complex, which consists of the MHC
class I H chain, 32-microglobulin, and an Ag-derived peptide (19).
APM components include the following: constitutive 3 subunits of
the proteolytic delta (8) (or B1) and MB1 (B5); inducible protea-
some (immunoproteasome) P-type subunits LMP2, LMP7, and
LMP10; peptide transporters TAP1 and TAP2; and endoplasmic
reticulum chaperones calnexin, calreticulin, ERpS57, and tapasin.
Acting in concert, these components are responsible for generation
of antigenic peptides, their translocation into endoplasmic reticu-
lum, and loading of (32-microglobulin-associated MHC class I H
chains with peptides (20). Defects in MHC class I APM compo-
nent expression are likely to affect the cell surface expression of
the MHC class I trimolecular complex and/or the repertoire of
Ag-derived peptides presented by MHC class I Ags as well as DC
interaction with T lymphocytes necessary for Ag presentation. Al-
though the components of MHC class I Ag-processing and Ag
presentation pathways have been well characterized in human DC
(3, 21), it is not known how tumor-derived factors affect Ag-pro-
cessing pathways in DC. Also, the ability of cytokines to interact
with the components of these pathways in DC has not been eval-
uated to date.

IL-15 is produced by a variety of cells in response to environ-
mental stimuli and has a broad spectrum of biological activities in
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various types of cells, including T and B lymphocytes, NK cells,
mast cells, granulocytes, monocytes/macrophages, and DC (22—
25). Although IL-15 uses the common 3 and vy subunits of the
IL-2R, it exerts different biological effects than IL-2 on most cell
populations (26). IL-15 itself is able to activate DC in vivo and in
vitro, and the exposure of splenic DC to IL-15 up-regulates co-
stimulatory molecules, markedly increases IFN-vy production, and
enhances the ability of DC to stimulate Ag-specific CD8" T cells
(25, 27). Although the role of IL-15 in regulation of DC genera-
tion, function, and survival is well established, its effects on Ag-
processing pathways in DC in the tumor microenvironment have
not been characterized.

Using a unique set of APM component-specific mAb, we report
that human DC generated in the presence of oral squamous cell
carcinoma (SCC) cell lines down-regulate expression of several
APM components, including MB1 ($5), LMP2, LMP7, LMP10,
and ERp57. It appears that tumor-derived gangliosides are respon-
sible for this effect and that incubation of DC with IL-15 reverses
APM component down-regulation.

Materials and Methods
Cells

Primary oral SCC cell lines PCI-4B and PCI-38 established at the Univer-
sity of Pittsburgh Cancer Institute and described previously (28) were cul-
tured in RPMI 1640 supplemented with 2 mM L-glutamine, 50 pwg/ml gen-
tamicin sulfate, 10 mM HEPES, 5% FBS, 10 mM nonessential amino
acids, and 1 mM sodium pyruvate, (Invitrogen Life Technologies). This
medium is referred to as complete medium (CM).

DC were generated from PBMC of healthy donors. After gradient sep-
aration on Histopaque-1077 (Sigma-Aldrich) and lysis of RBC, PBMC
were resuspended in CM (5 X 10°ells/ml) and incubated for 1 h at 37°C.
Nonadherent cells were removed, and adherent monocytes were cultured in
CM with 1000 U/ml recombinant human (rth)GM-CSF and 1000 U/ml
rhIL-4 (PeproTech). On day 7, nonadherent cells were collected and ana-
lyzed. Their morphology and phenotype corresponded to immature DC
characterized previously (18, 29). Percentage ranges for various surface
markers in DC obtained from 10 donors were 72-99% for HLA-DR, 60—
87% for CD86, 16-25% for CD80, 12-30% for CD83, 54—88% for CD40,
and 2-20% for CD14.

DC (0.7-1.5 X 10°ells/well) were coincubated with 40 wg/ml disialo-
ganglioside GDj (tested at a range of concentrations from 20 to 80 ug/ml)
(Matreya) reconstituted in DMSO (Sigma-Aldrich) and added once a day
for the first 3 days in culture. DC were also incubated with SCC cell lines
PCI-4B or PCI-38 (25 X 10%cells/well) in CM separated by membrane
inserts with 0.4-um pore size (Transwell system) for the first 3 days in
culture. As a control, DC were treated with medium alone, medium with
DMSO, or coincubated with immortalized human keratinocytes HET-1A
(CRL-2692; American Type Culture Collection) in the same way. To test
the ability of IL-15 to restore the integrity of APM in DC in the tumor
microenvironment, we added rhIL-15 (50 ng/ml) to DC generated in the
presence of SCC cell lines and to control DC once per day for the last three
consecutive days in culture.

To block ganglioside synthesis, tumor cells were cultured in the pres-
ence of inhibitor of glucosyl transferase p-threo-PPMP (1-phenyl-2-hexa-
decanoylamino-3-morpholino-1-propanol - HCI) (5 uM) (Matreya) once a
day for 3 days.

Antibodies

mAbs to individual APM components were generated and characterized
according to the methodology we described previously (18). The anti-
calnexin mAb TO-5, anti-calreticulin mAb TO-11, anti-ERp57 mAb TO-2,
and anti-tapasin mAb TO-3 were developed and characterized as described
previously (30). The anti-MB1 mAb SJJ-3, anti-low m.w. protein (LMP2)
mAb SY-1, anti-LMP7 mAb SY-3, and anti-LMP10 mAb TO-7 were de-
veloped and characterized using the strategy described elsewhere (30, 31).
Briefly, the mAb-secreting hybridomas were derived from BALB/c mice
immunized with synthetic peptides derived from the amino acid sequence
of the native protein and with recombinant proteins. Abs of the desired
specificity were identified by their specific binding to the immunizing pep-
tides in ELISA. The specificity of the selected mAb was proven by their
reactivity with the corresponding Ags when tested with lymphoid cell ly-
sates with the appropriate phenotype in Western blotting. The specificity of

INHIBITION OF DC APM IN CANCER

anti-LMP2 mAb SY-1 was corroborated further by their lack of reactivity
with a lysate of the T2 cell line, which does not express these molecules.
For additional controls, rabbit anti-LMP2 and anti-LMP7 polyclonal Ab
were purchased from Affinity Research Products. mAb W6/32 was pro-
duced by Dr. A. DeLeo (University of Pittsburgh, Pittsburgh, PA) using a
hybridoma obtained from American Type Culture Collection. Labeled
mAbs for staining of surface Ags on DC (anti-HLA-DR, -HLA-ABC,
-CD80, -CD83, -CD86, -CD40, and -CD14) by flow cytometry were pur-
chased from BD Biosciences Pharmingen. FITC-conjugated goat anti-
mouse and goat anti-rabbit IgG Ab were purchased from The Jackson
Laboratory. Anti-human disialoganglioside GD3 Ab were purchased from
BD Biosciences Pharmingen.

Small interfering RNAs (siRNA) and nucleofection

siRNA for LMP10 and MBI were purchased from Dharmacon. Nucleo-
fection efficiencies were determined with 5 ug of plasmid DNA encoding
the GFP using Human Dendritic Cell Nucleofector Kit (Amaxa) and varied
between 40 and 60%. Nucleofection was conducted according to the man-
ufacturer-optimized protocol for human DC (Amaxa). Briefly, 6-day-old
DC were centrifuged, and 2 X 10° cells were resuspended in Dendritic Cell
Nucleofection Solution (Amaxa). Next, the cells were mixed with 5 ug of
LMP10 or MB1 siRNA, transferred to the special cuvette, and inserted into
the Nucleofector (program U-02). All of the samples were removed from
the cuvette immediately after the program had been finished, transferred
into the 6-well plates, and cultured in CM (0.25 X 10° cells/ml) with 1000
U/ml thGM-CSF and 1000 U/ml rhIL-4 for 12-18 h at 37°C.

Western blot

The protein expression of APM components in nucleofected and control
DC was assessed using a Western blot technique. Cells were collected,
washed in HBSS, and lysed in 100 ul of extraction buffer (1% Triton
X-100, 0.1% SDS, 50 mM Tris, 150 mM NaCl, 0.6 mM PMSF, and 5
ng/ml leupeptin) for 30 min on ice. After centrifugation (9000 X g, 15 min,
at 4°C), the protein concentration was determined in the supernatants by
the Bradford method using the BioRad protein kit (Bio-Rad). Fifty micro-
grams of total proteins were dissolved in electrophoresis sample buffer,
separated by 4—12% PAGE (NuPAGE), and transferred to a nitrocellulose
membrane (NOVEX). The membrane was blocked with 0.5% nonfat milk,
0.1% Tween 20 (Fisher Scientific) in 20 mM Tris-HCI buffer (pH 7.2).
LMP10 and MB1 were detected using the anti-LMP10 mAb TO-7 and
anti-MB1 mAb SJJ-3 in a final concentration of 100 wg/ml and goat anti-
mouse secondary mAb (IgG (H+L), 1/150,000 dilution; Pierce). Expres-
sion of B-actin was evaluated as a housekeeper control protein using mouse
anti-human mAb (IgG1, 1/100,000 dilution; Sigma-Aldrich). Secondary
Abs were the same as for APM components detection. The membrane was
processed and treated with chemiluminescent reagents (Pierce), and the
bands were visualized on a Kodak film (Eastman Kodak).

OVA-specific presentation by DC

To evaluate the capacity of DC to present Ags, 6-day-old DC, which had
been incubated for the first 3 days with tumor cells, and control DC incu-
bated with immortalized keratinocytes were pulsed overnight with OVA
(Sigma-Aldrich) (500 wg/ml). Next, DC were washed twice and cultured
for 96 h at 37°C, 5% CO, in 96-well plates in CM with autologous OVA-
specific CD8" T cells (1 X 10* cells/well) at different DC:T ratios (1:100
to 1:1). At the end of incubation, T cell proliferation was measured by
uptake of [*H]thymidine (1 uCi/well, 5 Ci/mmol; PerkinElmer Life Sci-
ence) added for the last 16—18 h. Cultures were harvested on GF/C glass
fiber filter paper (Whatman) using a MACH III microwell harvester
(Tomtec). [*H]Thymidine incorporation was determined in a MicroBeta
TriLux liquid scintillation counter (Wallac). Counts are expressed as cpm
and presented as stimulation index (SI). SI was calculated as stimulated
cpm divided by spontaneous cpm.

To generate autologous OVA-specific T cells, CD8" T cells were iso-
lated from PBMC using MACS paramagnetic purification system (Miltenyi
Biotec) and cultured with weekly addition of irradiated autologous PBMC
(1:1), OVA (Sigma-Aldrich; 500 pg/ml), and IL-2 (10 IU/ml) for 4 wk.

Flow cytometry analysis of DC and SCC cells

Intracellular staining for detection of APM protein expression in DC was
performed with modifications, as described earlier (30). Briefly, DC were
washed three times in PBS/1% BSA, fixed with 2% paraformaldehyde
(PFA) at room temperature (RT) for 20 min, washed three times in PBS/1%
BSA, resuspended in 10 ml of PBS containing 0.5% BSA, transferred to
glass flasks, and treated in a microwave. Cells were then immediately
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FIGURE 1. HLA class I APM component down-regulation in human DC coincubated with oral SCC cell lines in vitro. DC precursors were cocultured
with SCC cell lines PCI-4B or PCI-38 in a Transwell system for 72 h. Tumor-treated and control (keratinocyte-treated) DC were intracytoplasmatically
stained with APM component-specific mAb to MB1, LMP2, LMP7, LMP10, ERp57, tapasin, calnexin, and calreticulin, and analyzed by flow cytometry
as described in Materials and Methods. Expression of MB1, LMP2, LMP7, LMP10, and ERp57 was significantly down-regulated in SCC-treated DC (p <
0.05). Data represent the percentage of positive cells from 10 independent donors.

chilled on ice for 10 min, washed three times in PBS-1% BSA, perme-
abilized at RT for 30 min with 100 ul/sample of PBS containing 1% BSA
and 0.1% saponin (Sigma-Aldrich), and stained with an optimal amount of
primary mAb at RT for the next 30 min. Murine IgG were used as a
control. Cells were then washed three times with PBS containing 1% BSA
and 0.1% saponin, and incubated with FITC-conjugated goat anti-mouse
1gG Ab (1:100) (Jackson ImmunoResearch Laboratories) at RT for 30 min.
Cells were washed three times again and fixed with 0.5% PFA.

For evaluation of ganglioside expression, tumor cells (PCI-4B and PCI-
38) were trypsinized, washed in FACS medium (PBS containing 0.1%
BSA and 0.1% NaNs), fixed in 1% PFA (15 min on ice), followed by
washing with FACS medium containing 0.1% saponin and staining with
murine anti-human disialoganglioside GD3 Ab (BD Biosciences Pharm-
ingen) for 30 min at 4°C. Murine IgG was used as a control. Next, tumor
cells were washed with FACS medium containing 0.1% saponin and in-
cubated with FITC-conjugated goat anti-mouse IgG Ab (1:100) (Jackson
ImmunoResearch Laboratories) for 30 min at 4°C. Finally, cells were
washed in FACS medium and fixed with 0.5% PFA.

Fluorescence was measured using a FACScan flow cytometer (BD Bio-
sciences), and the data analysis was performed using the CellQuest Soft-
ware (BD Biosciences). Results are expressed as percentage of positive
cells and as mean fluorescence intensity (MFI).

HPLC for gangliosides in PCI-4B cells

To confirm ganglioside expression in SCC cells, total lipid extraction of
tumor cells (10° cells) was performed using chloroform:methanol, and gan-
gliosides were isolated from the lipids by a diisopropyl ether/1-butanol
partition and subsequent Sephadex G-25 gel filtration step (32). The water-
soluble gangliosides were further fractionated by HPLC using a LiChro-
sorb-NH2 column (Merck). Gangliosides were eluted using a linear flow
rate of 0.5 ml/min throughout, where solvent A was Acetonitrile-5 mM
phosphate buffer, pH5.6 (83:17) and solvent B was Acetonitrile-20 mM

phosphate buffer, pH5.6 (50:50). Individual bovine brain-derived ganglio-
sides were also subjected to HPLC analysis to establish the retention times
of known gangliosides (GM2, GM1, GD3, GD1a, GDI1b, and GT1b).

Statistical analysis

The differences between groups were determined using the Student’s 7 test
or the nonparametric Mann-Whitney U test after evaluation for normality.
For multiple group comparison, ANOVA was used. For all statistical anal-
yses, a p value of 0.05 was considered significant. Data are presented as
mean = SEM. All of the experiments were repeated at least three times.

Results
Down-regulation by oral SCC cells and restoration by IL-15 of
APM component expression in DC

Previously, we observed that the expression of some APM com-
ponents was down-regulated in DC incubated with SCC cells. To
confirm these findings, we evaluated the expression of MB1 (35),
LMP2, LMP7, LMP10, calnexin, calreticulin, ERp57, and tapasin
in DC, which had been coincubated with SCC cells in a Transwell
system, intracytoplasmatically stained with APM component-spe-
cific mAb, and analyzed by flow cytometry. As a control, DC were
treated with medium alone or coincubated with immortalized ker-
atinocytes. In 10 independent experiments with DC from 10 do-
nors, expression of MB1, LMP2, LMP7, LMP10, and ERp57 was
significantly and reproducibly decreased in DC generated in the
presence of the PCI-4B or PCI-38 cell lines (Fig. 1). For instance,
the tumor-induced inhibition of APM components expression in
DC was 44.8 = 9.6% for MB1, 39.4 = 8.7% for LMP2, 43.3 =

Table I. Restoration by IL-15 of HLA class I APM component expression in DC preincubated with oral SCC cells®

MFI
APM Components” DC DC + IL-15 DC + SCC DC + SCC + IL-15
HLA ABC 241 361 176 264
MBI 36 40 19 28
LMP2 21 28 11 24
LMP2°¢ 14 15 8 16
LMP7 40 48 22 36
LMP7¢ 20 26 13 22
LMPI10 59 65 45 58
ERp57 21 26 12 20
Tapasin 24 26 25 25
Calnexin 91 92 90 94
Calreticulin 89 125 94 101

“DC were cocultured with SCC (PCI-38 and PCI-4B) cells in a Transwell system for 72 h. Then, recombinant human IL-15 (50 ng/ml) was added
once per day for the last three consecutive days in culture. Expression of APM components in control and tumor-treated DC was determined by flow
cytometry. The results of one representative donor among seven studied are shown.

® Direct comparison of commercial () (Affinity Research Products) and in-house anti-APM component Abs detects similar alterations of expression

of APM components in control and tumor-treated human DC.

2202 ‘S Yase |\ uo 1senb Ag /6.0 jounwiwi i - mammy/:dny wioly pepeojumoq


http://www.jimmunol.org/

3048

6.2% for LMP7, 36.6 £ 6.7% for LMP10, and 39.8 * 9.8% for
ERp57. Similar results were obtained by analyzing the correspond-
ing MFI values (Table I). In contrast, expression of the calnexin,
calreticulin, and tapasin was not significantly altered in the tumor
cell-treated human DC.

Because IL-15 has been shown to promote DC activation (25)
and increased DC function and survival in the tumor microenvi-
ronment (33), we hypothesized that IL-15 might restore the integ-
rity of APM in DC generated in the presence of tumor cells. To test
this possibility, we added rhIL-15 (50 ng/ml) to DC generated in
the presence of SCC cell lines and to control DC once per day for
the last 3 consecutive days in cultures and measured the level of
APM component expression in tumor cell-treated DC. Treatment
with IL-15 restored expression of MB1, LMP2, LMP7, LMP10,
and ERp57 in tumor cell-treated DC in the range from 53 to 98%,
depending on the donor (Table I). These results demonstrate that
not all APM components but only specific components of the con-
stitutive proteasome and immunoproteasome are selectively de-
creased in expression in DC coincubated with tumor cells. Resto-
ration by IL-15 of APM component expression suggests the ability
of this cytokine to regulate APM in DC.

Depletion of APM component mRNA in DC correlates with
significant reduction of APM protein expression in DC and with
reduced expression of surface MHC class I molecules

To prove that anti-APM component Abs specifically detect up- or
down-regulation of Ag-processing pathway components in DC,
using commercially available siRNA for LMP10 and MB1, we
assessed expression of LMP10 and MB1 in DC nucleofected with
specific APM component siRNA, control RNA encoding GFP and
empty vector. Our results revealed that the level of DC transfection
using DC protocol developed by the manufacturer (Amaxa) was
between 40 and 60% based on GFP expression assessed by flow
cytometry. Next, we have demonstrated that depletion of LMP10
mRNA in DC correlates with significant reduction of LMP10 pro-
tein expression in the same cells, assessed by Western blot with
specific anti-APM Abs (Fig. 24). Importantly, down-regulation of
LMP10 protein in DC induced by siRNA was associated with re-
duced expression of surface MHC class I molecules (Fig. 2B).
Similar results were obtained for DC nucleofected with MBI
siRNA.

INHIBITION OF DC APM IN CANCER

Restoration by IL-15 of suppressed OVA-specific Ag
presentation by DC generated in the presence of SCC cells

To test whether APM component down-regulation in DC gener-
ated in the presence of tumor cells has functional consequences of
poor Ag presentation, we evaluated the ability of DC to present
OVA to OVA-specific autologous CD8™ T cells. Six-day-old tu-
mor cell-treated and control DC were pulsed with OVA (500 ug/
ml) overnight, washed, and coincubated with OV A-specific autol-
ogous CD8" T cells, and T cell proliferation was measured by
uptake of [*H]thymidine. The ability of DC to induce proliferation
of CD8™ T cells was significantly decreased when DC had been
coincubated with PCI-4B cells, in comparison to DC coincubated
with keratinocytes or in medium alone (Fig. 3). For instance, at the
E:T ratio 1:10, [3H]thymidine uptake was reduced by 76 £ 12%
(p < 0.05) and at the ratio 1:1 X 60 * 8% (p < 0.05). The ability
of DC to induce proliferation of autologous CD8" T cells was
HLA class I restricted, because it was inhibited by the addition of
anti-HLA class I mAb W6/32. Thus, coincubation of DC with SCC
cells impairs DC ability to present OV A-derived peptides to au-
tologous OV A-specific CD8™ T cells. Because it has been shown
that DC generated in the presence of GM-CSF plus IL-15 prime
potent CD8™" Tc1 responses in vivo (27), and because of the ability
of IL-15 to reverse tumor cell-induced down-regulation of APM
component expression in DC, we hypothesized that IL-15 might
also restore DC Ag-presenting function. To test this possibility,
IL-15 (50 ng/ml) was added to DC generated in the presence of
SCC cell lines and to control DC once per day for the last 3 con-
secutive days in culture, and the ability of DC to present OVA Ag
to OV A-specific autologous CD8™ T cells was measured. The ad-
dition of IL-15 caused a complete recovery of suppressed DC Ag-
presenting activity (Fig. 3). These results suggest that IL-15 is able
to restore the SCC cell-induced inhibition of APM component ex-
pression and Ag-presenting function of DC.

Down-regulation by gangliosides and restoration by IL-15 of
APM component expression in DC

It has been previously shown that gangliosides down-regulate mat-
uration and function of APC (13-17). To test whether gangliosides
are responsible for modifying APM component expression in DC,
disialoganglioside GD5 (40 wg/ml) was added once daily for the
first 3 days in culture. As a control, DC were treated with DMSO,

A B
= (]
LMP-10 = LMP-10 8] HLA-ABC
£ £
L —— 5 z
w L
. Dot 0 o 105 o T1g8 100 102 103 10t
S 3-actin FL1-Height FL1-Height
[ - isotype [ -isotype
B - DC control 87.7 JE - DC control 254.5

med trans siRNA siRNA
sol GFP LMPIO

[ - DC/cont transf.
3 - possikNa_LMP10 463 [ - DCsiRNA_LMPIO 71.0

76.9 [ -DC/cont transf. 1453

FIGURE 2. Down-regulation of expression of APM components in DC nucleofected with siRNA correlates with reduction of the corresponding protein
expression in DC and reduced expression of surface MHC class I molecules. The transfection efficiencies of DC nucleofection ranged between 40 and 60%
based on GFP expression. A, The protein expression of APM components in DC nucleofected with LMP10 siRNA, control RNA encoding GFP, and empty
vector was assessed using Western blot technique as described in Materials and Methods. B, LMP10 protein expression and expression of surface MHC
class I molecules in nontreated DC, control transfected DC, and DC nucleofected with LMP10 siRNA was determined by flow cytometry as described in
Fig. 1 legend. Results are expressed as MFI. The results of one representative of three independent experiments are shown.
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FIGURE 3. IL-15 restores DC Ag-presenting capacity suppressed by
oral SCC cells. DC were cocultured with SCC cell line PCI-4B (V) or
keratinocytes (M) in Transwell system for 72 h. Then rhIL-15 (50 ng/ml)
was added to DC generated in the presence of SCC cell lines (W) and
control DC (E) once per day for the last 3 consecutive days in culture.
Tumor-treated and keratinocyte-treated 6-day-old DC were loaded with
OVA overnight, then washed and cultured in 96-well plates in CM with
autologous OVA-specific CD8" T cells (1 X 10* cells/well) for 96 h.
Proliferation of T cells was measured by uptake of [*H]thymidine added for
the last 16—18 h. Inhibition of the proliferation with anti-HLA class I
W6/32 mAb indicates that DC-induced activation of CD8* T cells was
HLA class I restricted. The counts are presented as SI. Similar results were
obtained with PCI-38 oral SCC cell line. Data represent the mean = SEM
of triplicate measurements from three independent experiments. *, p <
0.05.

used as a solvent for gangliosides. Synthetic gangliosides signifi-
cantly (p < 0.05) suppressed MB1, LMP2, LMP7, LMP10, and
ERp57 expression in DC (Table II). For instance, MB1 was down-
regulated by 37 £ 7%, LMP2 X 53 + 10%, LMP7 X 60 * 14%,
LMPI10 X 41 * 8%, and ERp57 X 21 % 6% in DC treated with
gangliosides vs control DC. Other tested APM components were
not significantly inhibited. Furthermore, the treatment of DC with
IL-15 after coincubation with gangliosides reversed the inhibitory
effect of gangliosides on MB1, LMP2, LMP7, LMP10, and ERp57
expression in the range from 40 to 100%, depending on the donor
and specific APM components (Table II). Because synthetic gan-
gliosides down-regulated similar APM components in DC as the
SCC cell lines, and because IL-15 can restore these components
expression in DC coincubated both with tumor cells or ganglio-
sides, we hypothesized that tumor cell-induced APM component
down-regulation in DC could be due to tumor cell-derived
gangliosides.

3049

GD; ganglioside expression by SCC cell lines PCI-4B and
PCI-38

To test the hypothesis that tumor cell-induced APM component
down-regulation in DC may be mediated by tumor cell-derived
gangliosides, we first measured GD; ganglioside expression in the
SCC cell lines PCI-4B and PCI-38. Neuroblastoma cell lines were
used as a positive control (14). Flow cytometry and HPLC analysis
showed that both cell lines express GD5 ganglioside (Figs. 4 and 5).

Role of tumor cell-derived gangliosides in APM component
down-regulation in DC

To prove that tumor cell-derived gangliosides are indeed respon-
sible for APM component down-regulation in DC coincubated
with SCC cells, we blocked synthesis of gangliosides in tumor
cells using enzymatic inhibition. Tumor cells were pretreated with
an inhibitor of glucosyl transferase p-threo-PPMP for 3 days to
block glycosphingolipid synthesis, including ganglioside synthesis
(14). APM component down-regulation in DC coincubated with
SCC cells pretreated with PPMP was significantly (p < 0.05) less
than down-regulation in DC coincubated with nontreated SCC
cells (Fig. 6). Similar data were obtained for DC coincubated with
both SCC cell lines PCI-4B and PCI-38. Thus, inhibition of gan-
glioside synthesis in tumor cells significantly decreased their in-
hibitory effect on APM component expression in DC, suggesting
that the observed down-regulation of APM components is, at least
in part, mediated by tumor cell-derived gangliosides.

Discussion

Tumor cell-induced suppression of DC function is an important
mechanism of tumor escape from immune recognition. It has been
shown that the expression of HLA-DR, CD40, and CD80 mole-
cules on DC obtained from cancer patients as well as DC ability to
stimulate T lymphocytes were markedly suppressed explaining, in
part, why tumor-infiltrating T cells fail to eliminate tumor cells (5,
34, 35). Troy et al. (36) have demonstrated that DC are not re-
cruited in large numbers into renal cell carcinoma lesions and that
DC extracted from these tumors are minimally activated and have
reduced allostimulatory activity. Similar data were obtained with
DC infiltrating prostate cancer (36) and basal cell carcinoma (37)
lesions. Furthermore, tumor cells may also inhibit other functions
of DC in patients with cancer and in tumor-bearing animals. For
instance, Tas et al. (38) noticed a decreased ability of peripheral
blood DC to form clusters with T cells in patients with head and
neck cancers. Using neuroblastoma and colon adenocarcinoma as
models, we have recently shown that DC obtained from tumor-
bearing mice had a significantly decreased ability to produce IL-12
upon CD40 ligation (10). Thurnher et al. (39) observed that DC
obtained from renal cell carcinoma lesions had reduced potential to
capture soluble Ag, as shown by the exclusion of FITC-labeled

Table II. Restoration by IL-15 of HLA class I APM component expression in DC pretreated with gangliosides®

MFI
APM Components DC DC + IL-15 DC + GD, DC + GD; + IL-15

HLA ABC 224 317 148 196

MBI1 36 40 19 28

LMP2 31 38 11 26

LMP7 50 58 21 46

LMP10 59 64 40 56

ERp57 20 26 12 20

“ Disialoganglioside GD5 (40 ug/ml) was added to DC once daily for the first 3 days in cultures. As a control, DC were treated with DMSO used as
a solvent for gangliosides. Then, rhIL-15 (50 ng/ml) was added once per day for the last three consecutive days in cultures. APM component expression
in ganglioside-treated and control DC was determined by flow cytometry. The results of one from four independent experiments are shown.
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FIGURE 4. GD; ganglioside expression on oral SCC cell lines. FAC-
Scan analysis was performed on PCI-38 and PCI-4B cells, using staining
with primary purified mouse anti-human disialoganglioside GD; Ab and
secondary (FITC)-conjugated goat anti-mouse IgG Ab. No differences be-
tween both cell lines were detected. The results of one representative of
three independent experiments are shown.

dextran. Down-regulation of DC functional activity in the presence
of tumor cells has been also reproduced using tumor cell lines in
vitro. This provides a model to investigate the identity of inhibitory
factors and mechanisms responsible for suppression of DC in can-
cer. We used this in vitro model to investigate the effect of SCC
cells on APM in human DC. In our previous observations, we have
demonstrated down-regulation of several APM components in hu-
man DC coincubated with primary oral SCC cell lines (18). In this
study, we have evaluated different APM component expression in
DC and have found that SCC cells induced significant down-reg-
ulation of constitutive proteasome subunit MB1, immunoprotea-
some subunits LMP2, LMP7, and LMP10, and thiol oxidoreduc-
tase ERp57 in DC. These data might explain reduced ability of DC
to present Ag(s) to T cells in cancer. However, the specific role of
each APM component in DC failure to present TA(s) to T cells in
cancer remains to be characterized.

Tumor cell-induced down-regulation of APM components
might be in part associated with DC maturation status. It has been
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FIGURE 6. Suppression of ganglioside synthesis in oral SCC cells sig-
nificantly abolished tumor-induced inhibition of APM component expres-
sion in DC. SCC cell line PCI-4B was treated with PPMP for 3 days to
block ganglioside synthesis. DC were coincubated with PPMP-treated (E)
and nontreated (M) SCC cells in a Transwell system for 72 h. APM com-
ponent expression in DC coincubated with treated and nontreated SCC
cells was determined by flow cytometry as described in Fig. 1 legend. The
results are presented as the percentage of inhibition of APM component
expression in DC by PCI-4B cells. Similar results were obtained with
PCI-38 cell line. Data represent the mean = SEM from three independent
experiments. *, p < 0.01.

shown that cross-presentation in DC is developmentally regulated
(40, 41). However, the data concerning the level of proteasome
expression in immature and mature DC are not consistent. For
instance, it has been reported that expression of immunoprotea-
some subunits LMP2, LMP7, and LMP10 is down-regulated,
whereas expression of their activators PA28a and PA28, as well
as of TAP, tapasin, and MHC class I molecules is up-regulated
during maturation of human DC (41). Other investigators have
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FIGURE 5. HPLC detection of ganglioside expression in PCI-4B cells. A total lipid extraction of tumor cells was performed using chloroform:methanol,
and gangliosides were isolated from the lipids by a diisopropyl ether/1-butanol partition and subsequent Sephadex G-25 gel filtration step. The water-soluble
gangliosides were further fractionated by HPLC using a LiChrosorb-NH2 column. Gangliosides were eluted using a linear flow rate of 0.5 ml/min
throughout, where solvent A was Acetonitrile-5 mM phosphate buffer, pH 5.6 (83:17) and solvent B was Acetonitrile-20 mM phosphate buffer, pH5.6
(50:50). Individual bovine brain-derived gangliosides were also subjected to HPLC analysis to establish the retention times of known gangliosides (GM2,

GM1, GD3, GDla, GDI1b, and GT1b).
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demonstrated up-regulation of the immunoproteasomes in mature
DC (40). The observed LMP2, LMP7, and LMP10 down-regula-
tion in tumor cell-treated DC could be interpreted as induction of
DC maturation in the presence of the tumor. However, this spec-
ulation conflicts with the reports demonstrating down-regulation of
the costimulatory molecules CD80 and CD86, CD40 and MHC
class I and class II molecules in DC coincubated with tumor cell
lines (42). It is also possible, that the blunted Ag processing, and
low APM component expression in tumor cell-treated DC may
simply reflect the immature status of treated DC. However,
whereas immature DC display high endocytotic activity, DC co-
incubated with tumor cells display also a reduced endocytotic ac-
tivity (M. R. Shurin, unpublished data). Thus, it is unlikely that DC
are simply immature in the tumor microenvironment. Moreover,
our data reveal down-regulation of the constitutive proteasome
molecules MBI, as well as of the immunoproteasome subunits
LMP2, LMP7, and LMP10 in tumor cell-treated DC. Suppression
of both proteasome types in DC coincubated with tumor cells is
likely to be associated with a profound dysregulation of APM
components and cannot be explained by the effect on DC matura-
tion status. Furthermore, tumor cell-induced down-regulation of
APM component expression in DC has been accompanied by im-
paired Ag-presenting function. Thus, our results suggest that tumor
cells do not simply delay or prevent DC maturation, but actively
suppress DC activity and function, including Ag processing and
presentation.

One of the mechanisms used by tumor cells to induce alteration
in APM components in DC and impaired DC function could be the
release of gangliosides (13—16). In fact, Ladisch and his coworkers
(43) showed that purified FBL-3 erythroleukemia cell-derived gan-
gliosides inhibited syngeneic TA-specific immune response in mu-
rine models both in vivo and in vitro. They also noticed that the
lack of NF-«B activity might be a mechanism contributing to gan-
glioside-mediated inhibition of monocyte and monocyte-derived
DC Ag-presenting function (17). Using an in vitro model of DC
generation in the presence of tumor cells, we have shown here for
the first time that tumor-derived gangliosides can down-regulate
expression of several APM components in human DC.

In terms of the mechanism(s) responsible for the tumor cell- and
ganglioside-induced APM component down-regulation in DC, res-
toration of APM component expression by IL-15 suggests an im-
portant role of exogenous and probably endogenous IL-15 in APM
regulation in DC. It has been shown that IL-15 is expressed by DC
in response to different stimuli and promotes DC activation (25).
An alternative, but not an exclusive mechanism is reduced inter-
action of IL-15 with its receptor. IL-15 is known to play a critical
role in Ag-presenting cell functions and in the innate immune re-
sponses (44). However, intracellular pathways involved in APM
regulation in DC by IL-15 in the tumor microenvironment are yet
to be determined.

In summary, our data demonstrate that tumor cell-derived gan-
gliosides can down-regulate APM component expression in DC,
which has potential functional consequences of interfering with
DC Ag-presenting function. Treatment of DC with IL-15 can re-
store both the APM component expression and the Ag-presenting
capacity of DC. Therefore, our results suggest a new mechanism
for the ability of IL-15 to enhance the efficacy of DC-based vac-
cines for cancer.
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