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Objective : The choice of tumor antigen for dendritic cellDC]-loading has still been an unresolved problem in the DC-based
vaccine strategies against malignant gliomas that has not been found well-characterized tumor specific antigens. In this
study, we compare tumor-specific T cell response induced by glioma apoptotic body(GAB)-pulsed DCs to response induced
by glioma cell lysate-pulsed ones quantitatively.

Methods : DCs generated in the presence of granulocyte macrophage-colony stimulating factor and interleukin(IL)-4 from
peripheral blood mononuclear cells(PBMCs) of HLA-A2 positive healthy donors were cultured. Each GABs and glioma cell
lysate generated from HLA-A2 positive T98G glioblastoma cells were co-incubated with DCs. CD8™ T lymphocytes isolated
from PBMCs of same donors were cultured in media containing IL-2 and either stimulated by GAB- or lysate-pulsed DCs
three times at a weekly interval. The interferon{IFN]-v concentrations of each cell culture supernate were measured by
enzyme immunoassay technique. Cytolytic activity of the generated cytotoxic CD8™ T cells either stimulated with GAB- or
lysate-pulsed DCs was determined by a standard 4-h *'Cr-release assay.

Results : IFN-7¥ production and cytolytic activity of effector T cells stimulated by GAB-pulsed DCs were significantly higher
than those of T cells stimulated by lysate-pulsed ones.

Conclusion : These results indicate the choice of antigen is a critical determinant in the induction of antitumor immunity
against malignant glioma. Antigen preparations from GABs represent a promising alternative to glioma cell lysate in DC-based

glioma vaccine strategies.
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Introduction

he major goal of tumor vaccine strategies using dendkritic

cells(DCs) is the induction of strong cytotoxic T lymp-
hocyte(CTL) responses against tumor antigens to trigger an
immune response against tumors. This strategy is quite attr-
active because it offers the potential for high tumor-specific
toxicity . To induce a CTL response against tumor cells,
the antigenic peptide must be presented to naive T cells in
the context of costimulatory molecules usually provided by
professional antigen presenting cells(APCs)”. DCs are the
most potent professional APCs that have a unique potency
for activating T cells'”. The therapeutic efficacy of DC-based

anti-tumor vaccination against malignant tumors including
malignant glioma has been widely investigated™'*'>7***,
Priming of DCs with tumor antigens for generation of a
tumor-specific CTL response requires prior identification of
rumor-derived antigens. A critical issue in optimizing DC-
based tumor vaccines is the choice of tumor antigen for DC
loading. Pure peptides that are expressed in all tumor cells
but not in normal cells are the most favorable antigens theo-
retically. Unfortunately, such peptides have not yet been found
in malignant glioma. But this limitation can be overcome
considerably by the use of unfractionated glioma-derived
antigens such as apoptotic bodies or glioma cell lysates. Effec-

tive cross-priming of tumor specific CTLs by DCs pulsed with
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glioma apoptotic bodies(GABs)'”, or glioma cell lysates™

has been demonstrated, but little quantitative comparison has
been undertaken'®.

In this study we compared tumor-specific T cell responses
induced by GAB-pulsed DC:s to responses induced by glioma
cell lysate-pulsed ones. To this end, DCs and CD8" T cells
were obtained from mononuclear cells of HLA-A2 positive
healthy donors. Either apoptotic bodies or tumor cell lysate
from the HLA-A2 positive T98G glioma cells were used in
activation of tumor-specific CTLs as an antigen source. The
interferon(IFN)-y concentrations of each CTLs culture super-
nate and cytolytic activities of the generated cytotoxic CD8*
T cells stimulated by GAB-pulsed DCs(DCs/GABs), as well
as lysate-pulsed ones(DCs/lysates) were evaluated.

Materials and Methods

Preparation of peripheral blood mononuclear
cells(PBMCs)

198G malignant glioma cells with HLA-A*0201 were used
as a source of apoptotic body and lysate. Two healthy donors
who had HLA-A*0201 were selected to donate DCs and
CD8" T cells. 100ml of peripheral blood were drawn from
each donor. Mononudlear cells were isolated from whole blood
by Ficoll-Hypaque centrifugation(Sigma, St. Louis, MO,
USA) and plated in complete medium consisting of RPMI
1640(GibcoBRL, Grand Island, NY, USA) with 10% human
serum(BioWhittaker, Walkerville, MD, USA) and 1% peni-
cillin/streptomycin(GibcoBRL, Grand Island, NY, USA).

Isolation of CD8™ T cells

CD8" T cells were isolated from non-adherent PBMCs
using magnetic bead-conjugated mouse anti-human CD8%
mAb{Miltenyi Biotec, Bergisch Gladbach, Germany), a
MACS column for positive selection, and a vario-MACS
magnet, according to the manufacturer instructions. The
purified cells contained 96 to 99% CD8™ T cells were confi-
rmed by flow cytometry. Cells were cryopreserved before use.

DC culture

PBMC:s were plated at a concentration of 2 X 10 cells/ml
in a T75 flask containing 12ml of RPMI 1640 with 10%
human serum. After 2hr-incubation at 37°C non-adherent
cells were removed by washing with warm complete medium.
Then adherent cells were cultured with complete medium for
S5days in the presence of recombinant human granulocyte
macrophage-colony stimulating factor(GM-CSF)(R&D
systems, Minneapolis, MN, USA) 800U/ml, and interleukin
(IL)-4(R&D systems, Minneapolis, MN, USA) 1,000U/ml.

Cell morphologies were examined by microscope.
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Phenotypic evaluation of DCs

DCs were evaluated phenotypically as described'”. In brief,
harvested DCs were washed twice with phosphate buffer
solution(PBS) containing 1% bovine serum albumin(Sigma,
St Louis, MO, USA). They were incubated on ice for 30minutes
with monoclonal antibodies(mAbs) labeled with fluorescein
isothiocyanate(FITC) or phycoerythrin(PE) and then washed
twice. After staining but before flow cytometry, the cells were
fixed with 1% paraformaldehyde(Sigma, St Louis, MO, USA)
in PBS at room temperature. Flow cytometry analysis was
performed using a FACScan(Becton Dickinson, Franklin
Lakes, NJ, USA), and the results were processed using CellQuest
software(Becton Dickinson, Franklin Lakes, NJ, USA). The
antibodies used for cell staining included HLA ABC-FITC,
HLA DR-FITC, CD1a-FITC, CD14-FITC, CD80-FITC,
and CD86-PE(BD Pharmingen, San Diego, CA, USA).

Induction of apoptosis in T98G glioma cells and
Annexin V staining

To induce apoptosis, 2 X 10° T98G glioma cells were incu-
bated in RPMI 1640 with 10% bovine fetal serum and treated
with actinomycin D(Sigma, St Louis, MO, USA). To confirm
the 7% vitro condition that induces apoptosis, T98G cells were
incubated for 18hours after treatment with various concen-
trations of actinomycin D. GABs were stained by Annexin
V-FITC(Roche, Mannheim, Germany) together with propi-
dium iodide(Roche, Mannheim, Germany) as described'”.
Cells were analyzed by FACScan(Becton Dickinson, Franklin
Lakes, NJ, USA) using CellQuest software(Becton Dickinson,
Franklin Lakes, NJ, USA).

Preparation of glioma cell lysate

Tumor cell lysates were generated by rapid freeze-thaw
cycles”. Confluent cultures of T98G glioma cell lines were
incubated with 0.01% EDTA solution for 10 min, carefully
detached with a cell scraper, washed twice in PBS, and resu-
spended at a density of 5 X 10°/ml in serum-free medium. The
tumor cell lysates were prepared by five rapid freeze-thaw
cycles in liquid nitrogen and in a 37°C water bath until the
cell membrane integrity was lost. For the removal of crude
debris, the lysate was centrifuged for 30 min at 1,500 X g. The
supernatant was collected and passed through a 0.2um filter.
The protein concentration of the lysate was measured by a
Bio-Rad protein assay(Bio-Rad Laboratories, Hercules, CA,
USA). Aliquots of the lysate (1mg/ml) were used to pulse DCs.

DC pulsing with GABs or lysates

DCs were divided into three groups at a concentration of
5 X 10%ells/ml in T25 flask. Group A was cultured without
any tumor antigen, group B with GABs and group C with
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lysates overnight. These cells were then cultured in 6ml
complete medium containing 800U/ml of GM-CSF and
1000U/ml of IL-4 for 3days to allow DC digestion of an-
tigens. DCs were then allowed to mature by culturing with
500U/ml of tumor necrosis factor(TNF)-a(R & D Systems,
Minneapolis, MN, USA) and lug/ml of prostaglandin(PG)
E2(Sigma, St. Louis, MO, USA) for 2days.

Effector T cell activation

CD8™" T cells were also divided into three groups. Cryopre-
served CD8" T cells (1 X 10°) were cocultured with normal
DCs(group A), DCs/GABs(group B), or DCs/lysates(group
C) in a 24-well plate with 2ml of RPMI 1640 containing
60U/ ml of IL-2.

Every seven days the T cells in each group were restimulated
with DCs(group A), DCs/GABs(group B), or DCs/lysates
(group C). Low doses of IL-2 (10U/ml) were also added to the
culture media. Fifty percent of the culture media was replaced
with fresh media containing 25U/ml IL-2 on day 4 after every

stimulation.

Quantification of IFN -y secretion

Supernatants in each group on day 21 of coculture were har-
vested, and concentrations of human cytokine IFN-y were
quantified by enzyme-linked immunosorbent assay(ELISA)(R
& D systems, Minneapolis, MN, USA) according to the

manufac-turer instructions.

100 X (experimental release-spontaneous release)/(maximum
release-spontaneous release).

Data analysis

Statistical anlayses of data were performed using SPSS
version 11 for Windows(SPSS Inc., Chicago, IL, USA). Means
were compared using the Students two-sample t test, with
significance assumed at a value of P<<0.05.

Results

Phenotypes of DCs

For generated DCs, 75 to 85% of mononuclear cells showed
typical DC morphology as revealed by microscopic examina-
tion. Additionally, expression of major histocompatibility
complex(MHC) class I, MHC class 1I, CD1a, and co-
stimulation molecules, CD80(B7.1) and CD86(B7.2) were
increased as in typical DCs. Their endocytotic activity was
also increased(Fig. 1).

Apoptosis induction of glioma cells

T98G malignant glioma cells were treated with actinomycin
D at various concentrations. Following treatment, the apoptotic
tumor cells showed positive Annexin V staining(Fig. 2, 3). The
highest apoptotic rate (53%) was shown for an actinomycin D
concentration of 5 X 10’pg/ml.

Control

Cytotoxicity assay

The cytolytic activities of CTLs
in each group were assessed by 4hr
['Cr]-release assay. This method
was performed at two effector to
target (E:T) ratios. Briefly, T98G
glioma cells were labeled with
1004 Ci Naz2[*'Cr]O4 (Perkin
Elmer, Boston, USA)/106 cells at
37°C for 1hr. After three washes,
labeled cells were incubated for 4hr
with graded numbers of effector
cells in 96-well plates. Thereafter
100ul of cell-free supernatants
were then collected using a Ska-
tron harvester and analyzed in a

Events

|

Control

Events

Fluorescence intensity

Control

Events

®)

DC

Events
| I

I ;—ﬁ"

4 = ~—

: :zr"'__j&'
&, -
o E

&
s
£
‘ E™Y
"
¥

:’_m
LI A A R A O |

gamma counter(LKBWallac Cli-
niGamma 1272, Wallac, Finland).

Fluorescence intensity

Fluorescence intensity @

©

The mean of triplicate samples
was found, and the percent of spe-
cific lysis was calculated as follo-
ws : Percent specific ['Cr] release =

Fig. 1. Phenotypic analysis of surface markers of dendritic cells (A to C) and endocyitotic activity of
dendritic celis (D). Dendiritic cells were derived from peripheral blood monocytes in media supple—
mented with GM—CSF800ng/ml} and IL—4(1,000U/ml). Dendritic cells shows highly expressed major
histocompatibility complex(MHC) class |, class Il, CD1a, CD80, and CD86 moiecuies. They also have
higher endocytotic activity than Epstein barr virus(EBV}—transformed B lymphoblastoid cell lines(LCLs).



IFN-¥ production detected by ELISA

Level of IFN-Y was measured by ELISA in culture supernates
from DCs, DCs/GABs and DCs/lysates. As shown in table 1,
the intensity of IFN-¥ production was higher in T cells
stimulated by DCs/GABs and DCs/lysates than that in T
cells stimulated by normal DCs(control). IFN-¥ production
of effector T cells stimulated by DCs/GABs was also signifi-
cantly higher than that of T cells stimulated by DCs/lysates
(P<0.001)(table 1).

Cytotoxicities of induced tumor-specific T lymphocytes
Cytolytic activities of the generated cytotoxic CD8" T cells
against T98G glioblastoma cells were determined by a standard
4hr ['Cr]-release assay. Cross-primed CTLs with DCs/GABs
or DCs/lysates were able to lyse T98G cells at E:T ratios of
40:1 and 20:1, but control CTLs were not as shown in Fig. 4
(P <0.05). Average percentage of T98G cell lysis of CTLs

Fig. 2. Fluorescence microphotograph of Annexin V—fluorescein/
propidium iodide —stained T98G glioblastoma celis after actinomycin D

treaiment. The cells that have green colored cytoplasm are apoptotic
cells(X400).
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Table 1. Production of interferon-y by cytotoxic T cells of 3 groups
determined by immunoassay

Group interferon—7
Group A (DCs) 75.1 £ 20 pg/m!
Group B (DCs/GABs) 12,798.4 21676 pg/mi
Group C (DCsflysate) 2,317 £320pg/ml
DCs : dendiitic cells, GAB : glioma apoptotic body
50
I E:T=40:1
40 | E:] E . T = 20 . 1
£ 30
e
(8]
520 L
32
10 ~ T
0 ™ T ;
DC DC+Apoptotic body DC+Lysate

Fig. 4. Cytotoxicities of CD8" T cells stimulated by DCs, DCs/GABs,
and DCs/lysates against T98G glioblastoma cells determined by
a standard 4hr [*'Cr]-release assay. Cross—primed CTLs with
DCs/GABs and DCs/lysates were able to lyse T98G cells, but control
CTLs were not (P<0.05). The average lysis of DCs/GABs was signi—
ficantly higher than that of DCs/lysates at ET cell ratios of 40:1 as
well as 20:1 (P<0.05).

stimulated by DCs/GABs and DCs/lysates was 38.2% and
14.2% at an E:T cell ratio of 40:1, and 21.0% and 8.4% at
an E:T ratio of 20:1 respectively. The average lysis of controls
was 2.8% at an E:T cell ratio of 40:1 and 1.7% at an E:T ratio
of 20:1. The average lysis of CTLs stimulated by DCs/GABs
was higher than that of CTLs stimulated by DCs/lysates. The
difference between % cytotoxicities of DCs/GABs group and

DCsl/lysates group was statistically
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40:1 as well as 20:1 (P <0.05).

Discussion

D Cs play a pivotal role in the

initiation of T" cell mediated
immune responses'® and can be
obtained by culturing PBMCs in
the presence of GM-CSF and IL-

4'9. A critical issue in optimizing

10° 107

®)

DC-based anti-tumor vaccine is

ANNEXIN

Fig. 3. Dot blot analysis of Annexin V-—fluorescein/propidium iodide flow cytometry of T98G gliob—
lastoma cells before(A) and after(B) freatment of 5X 1074 ug/ml actinomycin D for 18hr. The rate of
cells undergoing apoptosis{lower right quadrant} was changed from 0.1% to 53% after actinomycin

D treatment.

which tumor antigens for DC loa-
ding are effective to induce the CTL
response. The vaccination against
a single antigen can induce tumor-

129
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specific CTLs but may give rise to promote tumor antigen
escape variants'”. Actually the generation of CTLs against
three or more tumor antigens correlates with clinical response”.
Antigen loading can be performed by pulsing DCs with
synthetic immunodominant peptides from identified tumor
antigens for prostate cancer™”, carcinoembryonic antigen exp-
ressing tumors'?, and malignant melanoma'”. But this approach
has some disadvantages including the unavailability of pepti-
des for all HLA subtypes, the lack of CD4 helper T cell-related
epitopes for most antigens, and the uncertainty regarding
the maintenance of antigen expression”. So unfractionated
tumor-derived antigens such as tumor cell lysates or apoptotic
bodies can be the alternative to tumor specific antigens espe-
cially in DC-based vaccine strategies against malignant glioma
that has not been found well characterized tumor specific
antigens. These tumor-derived materials contain multiple
known and unknown glioma associated antigens that can
be presented to T cells. DCs stimulated by these antigens are,
therefore, more likely to induce a polyclonal expansion of T
cells. One possible drawback of this approach is the poten-
tially low concentration of effective tumor antigens in the
mixture. Antigenic tumor peptides may conceivably be dilu-
ted by relatively non-antigenic proteins, which can down-
regulate the effectiveness of the antitumor immune response.

In this study we investigated tumor specific T cell responses
induced by DCs pulsed with different antigen preparations,
glioma cell lysates and apoptotic bodies, from glioblastoma
cell line T98G. This study showed DCs pulsed with GABs
were more potent than those with glioma cell lysates to induce
T cell priming and activation. This was evidenced by enhanced
secretion of IFN-7, Th1 cytokine, which is related with cyto-
toxic activity”, as well as a higher rate of MHC dlass I-restricted
tumor cell lysis. This result is in accord with recent studies
demonstrated that DCs which had ingested apoptotic cancer
cells were more effective in generating CD8% CTLs than DCs
pulsed with tumor cell lysates in squamous cell carcinoma
of the head and neck®, malignant melanoma”, and pancreatic
tumor'”. Enhanced CTL activation by antigens from apo-
ptotic cells may be attributed to several mechanisms. After
phagocytosis, DCs digest the cellular fragments of the apo-
ptotic cells into peptides and efficiently present to helper T
cells in the MHC class-II pathway®. This is believed to be
same as the processing pathway of cell lysates in DCs. But
phagocytosis of apoptotic tumor cells by DCs allows antigens
to gain access to MHC class-I molecules, resulting in cross-
presentation of the antigens to CTLs". Exogenous antigens
from apoptotic tumor cells endocytosed by DCs are just
presented on major histocompatibility complextMHC) class
I molecules as well as on class II molecules, a process called
cross-presentation. This cross-presentation might be mediated

by heat shock proteins(HSPs) expressed by stress-induced
apoptotic tumor cells”. Induction of HSPs expression has been
shown to provide the danger signals required for generation
of a more effective immune response and to improve uptake
*Y. Moreover, high dose antigens are pre-

of antigens by DCs
ferentially presented by the cross-presenting APCs and destru-
ction of cells such as induction of apoptosis leads to enhanced
access of antigens to the cross-presentation pathway'”. On the
basis of this theoretical background and our own observations,
we concluded that antigen preparations from GABs present
a promising alternative to glioma cell lysates in DC-based
glioma vaccines.

Conclusion

e compared tumor-specific T cell response induced by
GAB-pulsed DCs to that by glioma cell lysate-pulsed
ones in vitro. This study showed DCs pulsed with GABs were

more potent than glioma cell lysates in inducing cytotoxic T
cell priming and activation. These results indicate the choice
of antigen is a critical determinant in the induction of antitum-
or immunity against malignant gliomas. Antigen preparations
from GABs represent a promising alternative to glioma cell
lysate in DC-based glioma vaccines.
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