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Ovarian epithelial carcinoma (OEC) is the most frequent ovarian tumor, characterized by a high mortality in advanced stages where
conventional therapies are not effective. Based on the role of the immune system in the progression of this disease, immunotherapy
using checkpoint blockade has been considered as a therapeutic alternative. Nevertheless, its results do not match up to the positive
results in entities like melanoma and other malignancies, suggesting the need to find other therapies to be used alone or in
combination. Dendritic cell- (DC-) based vaccines have shown promising results in several types of cancer, such as melanoma,
prostate, and lung cancers, due to the essential role played by DCs in the activation of specific T cells, thus using other ways of
activating the immune response than immune checkpoint blockade. During the last decade, we have used DC-based vaccines
loaded with an allogeneic heat shock-conditioned melanoma cell lysate in the treatment of advanced stage patients in a series of
clinical trials. In these studies, 60% of treated patients showed immunological responses which correlated positively with
improved survival. Considering the relevance of ovarian cancer and the promising results of our DC-based vaccine, we show
here that heat shock-conditioned cell lysates derived from ovarian epithelial carcinoma cell lines have the potential to induce the
phenotypic and functional maturation of human DC, which in turn, is able to induce an efficient CD4" and CD8" T cell-
mediated immune responses against ovarian cancer cell lines in vitro. In summary, OEC heat shock-conditioned cell lysate-
loaded DCs may be considered for future combined immunotherapy approaches against ovarian tumors.

1. Introduction quent ovarian-associated tumor, representing about 85-90%

of the ovarian tumor diagnoses [2] with a mortality of 4.5
Ovarian epithelial carcinoma (OEC) is a highly aggressive = deaths per 100,000 inhabitants. The overall survival at 5 years
ovarian tumor that affects the female population with more  is 45%, decreasing to 27% in advanced stages of OEC [3, 4].
than 150,000 deaths per year [1]. The OEC is the most fre-  Usually, OEC is diagnosed based on symptoms such as
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abdominopelvic pain and abdominal distension, which are
linked to other pathologies, making OEC accurate diagnosis
very difficult [5].

The participation of the immune system and its adequate
antitumor activity is crucial in the progression of the disease.
It has been demonstrated that the infiltration of effector T
cells into the tumor site is associated with a better prognosis
and prolonged survival [6]. On the other hand, the presence
of Treg cells in the tumor site and in ascites of OEC patients
correlates with a poor prognosis [7], and patients who have
low CD8" T cell infiltration increase their probability of
dying by OEC [8].

The evasion from the immune response is critical for
tumor progression, and it is based, among other things, in
the recruitment of proangiogenic immunosuppressive den-
dritic cells (DC), with low antigen presentation properties
[9, 10], usually called tolerogenic/regulatory/dysfunctional
DCs [11, 12]. In addition, OEC evades the immune response
through the expression of the PD-1/PD-L1 complex, immu-
nological inhibitory checkpoint molecules, necessary to
maintain immune tolerance [13].

Today, the most promising immunotherapies against
cancer are based on immune checkpoint blockers (ICB)
against CTLA-4 or PD-1/PD-L1. These immunotherapies
have shown to induce effective clinical responses in patients
with melanoma, lung cancer, and other solid tumors [14-
21]. Despite their relevant clinical outcomes, only 15% of
OEC patients are responder to ICB treatment [22], strongly
suggesting the need for complementary treatments, for
example, active immunizations, which could improve the
response rates of ICB. In this context, an alternative to
increase the response rate of ICB is DC-based immunother-
apies, which can be used as complementary treatments in
cancer patients, with the advantage of enhancing an antitu-
mor immune response via the activation of specific CD4"
and CD8" T cells [23]. It has been reported that in OEC,
autologous DCs loaded with ovarian-associated antigens
(ErbB2, MUC-1, and CA-125) were able to stimulate the pro-
liferation of autologous T cells and to induce tumor-specific
cytotoxic activity [24, 25]. Additionally, the use of autologous
lysates as a source of antigens for DC vaccines has shown
promising results as a potential therapy against OEC. Fur-
thermore, the combination of this treatment with antian-
giogenic monoclonal antibodies to increase the clinical
efficiency of the therapy, induced a 2-year prolonged survival
of treated patients [26, 27]. In summary, DC-based immuno-
therapy could help to break the tolerance of the ovarian
tumor microenvironment through the modulation of specific
T cell response against OEC and synergize with ICB, enhanc-
ing patients’ response.

Over the past decade, our laboratory has developed an
autologous DC-based immunotherapy directed against
advanced malignant melanoma, called TAPCells (tumor
antigen-presenting cells), which consist in ex vivo-generated
monocyte-derived DC, loaded with an allogeneic heat
shocked melanoma lysate that is able to activate the immune
system and induce a specific antitumor response in cancer
patients [28]. Approximately 60% of treated patients respond
to the treatment, showing a posttreatment survival time
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threefold higher (33 months) than that in nonresponder
patients (11 months) [28]. The use of allogeneic heat
shock-conditioned tumor cell lysates provides a vast num-
ber of different tumor-associated antigens described for mel-
anoma and also delivers different damage-associated
molecular patterns (DAMPs) induced by the heat shock,
such as high mobility group box-1 (HMGBI1) and plasma
membrane translocated calreticulin (CRT) necessary for
the proper maturation, activation, and cross-presentation
of tumor-associated antigens by DCs, enhancing their
antitumor-induced responses [28-30]. Recently, we have
extended our results to other types of tumors, such as pros-
tate cancer and gallbladder cancer, using specific allogeneic
heat shock-conditioned cell lysates for each tumor [31, 32].

The purpose of this study was to investigate the immuno-
genicity of several combinations of heat shock-conditioned
tumor lysates derived from different OEC cell lines (OECCL)
and their effect on the differentiation, maturation, and activa-
tion of DC, as well as their ability to induce T cell-mediated
responses anti-OECCL in vitro. Our results suggest that
human DCs loaded with specific combinations of heat
shock-conditioned lysates from OECCL were able to induce
T cell activation and effector responses against OEC tumor
cells. These results allow us to characterize and optimize
effective tumor lysates to improve DC-based therapeutic
strategies against OEC.

2. Materials and Methods

2.1. Cell Lines and Heat Shock-Conditioned OEC Lysates. The
OEC cell lines Hey, SKOV-3, A7280, and CAOV3 were
gently donated by Garett Owen from the Pontificia Universi-
dad Catolica de Chile. The melanoma cell lines Mell, Mel2,
and Mel3 were cultured as described before [28, 29]. The
OECCL were cultured in DMEM culture medium (Corning,
USA) supplemented with 10% of fetal bovine serum (FBS)
and 1% of broad-spectrum antibiotic cocktail (penicillin
100 U/L and streptomycin 100 gg/mL), until ~85% of conflu-
ence. Cells were maintained at 37°C under 5% CO, and 95%
relative humidity. The cells were harvested using PBS/EDTA
0.05% (Corning, USA), washed with PBS buffer, and counted
using Neubauer’s chamber.

For mixed OEC lysate (called MOVL) production, cells
were mixed in equal amounts to achieve a final concentration
of 4x10° cells/mL in AIM-V culture medium (Thermo
Fisher Scientific, USA). The mixed cell lysates evaluated were
made as follows: MOVLI (CAOV3+SKOV3+Hey) and
MOVL2 (CAOV3+SKOV3+A2780). The mixed cells were
subjected to heat shock stress by culturing them to 42°C for
1 hour plus 37°C for two additional hours, as previously
described [28, 29]. Then, the cells were lysed by three
freeze-thawing cycles (liquid nitrogen and then at 37°C,
respectively). A heat shock-conditioned lysate from Hey cells
was elaborated from 4 x 10° cells/mL as described for the
mixed cell lysates. The melanoma heat shock-conditioned
lysate TRIMEL was produced as described before [28, 29].
Protein quantification of the lysates was made by a micro-
Bradford colorimetric method.
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2.2. Antibodies. Monoclonal antibodies (mAbs) against
human carcinoembryonic antigen (CEA; clone COL-1),
erbB2 (clone 3B5), and survivin (clone 8E2) were purchased
from Thermo Fisher Scientific (Waltham, Massachusetts,
USA). mAbs against human mucin-1 (MUCI; clone
HMEFG]1), cancer antigen 125 (CA-125; clone SPM110), and
calreticulin (clone FMC 75) were purchased from Abcam
(Cambridge, USA). mAbs against human CD3-eFluor450
(clone SK7), human leukocyte antigen- (HLA-) DR, HLA-
DQ, HLA-DP-PE (clone TU39), HLA-A, HLA-B, HLA-C-
PE (clones W6/32), CD83-PECy7 (clone HB15e), CD11c-
APC (clone 3.9), CD86-FITC (clone 2331), CD80-FITC
(clone 2D10.4), interleukin- (IL-) 4-APC (clone 8D4-8),
and IFN-p-FITC (clone 4S.B3) were purchased from
eBioscience (San Diego, CA, USA). mAbs against human
CD25-FITC (clone 2A3), C-C chemokine receptor type 7-
(CCR7-) PE (clone G043H7), C-X-C motif chemokine recep-
tor (CXCR) 3-APC (clone 1C6/CXCR3), granzyme-B-PE
(clone GBI11), perforin-PE (clone 6G9), and IL-17A-PE
(clone SCPL1362) were purchased from BD Biosciences
(Franklin Lakes, NJ, USA). mAbs against human CD40-
FITC (clone HI40a), CD4-PerCP Cy5.5 (clone MEM241),
CD8-APC-h7 (clone MEM31), and CD4-FITC (clone
MEM?241) were purchased from Thermo Fisher (Waltham,
MA, USA). As isotype control, IgG1 antibodies conjugated
to FITC, PE, PerCP Cy5.5, or APC were used (eBioscience;
San Diego, CA, USA).

2.3. Flow Cytometry. The surface expression of different
molecules in OECCL, DCs, and T cells was analyzed by
flow cytometry. Intracellular staining was performed with
the Foxp3/Transcription Factor Fixation/Permeabilization
Concentrate and Diluent kit (eBioscience). A live/dead kit
(Thermo Fisher) was used for live/dead cell discrimination.
Flow cytometry was conducted on a FACSVerse flow cyt-
ometer (BD Biosciences), and data analysis was performed
using the FlowJo software (Tree Star, Inc., Ashland, OR,
USA). For CRT translocation determination, OEC cells were
processed for flow cytometry analysis after heat shock treat-
ment (one hour at 42°C plus two additional hours at 37°C).

2.4. HMGBI ELISA. Supernatants from OEC cells were col-
lected after heat shock treatment (one hour at 42°C plus
two additional hours at 37°C). The concentration of HMGBI1
in 100 L of supernatants from the control and heat shocked
OECCL (4 x 10° cells/mL) was measured by ELISA using a
specific HMGB1 ELISA kit according to the manufacturer’s
instructions (Cloud-Clone Corp.). 450 nm optical densities
were measured in a Sunrise absorbance reader (Tecan).

2.5. DC Generation. Plastic adherent monocytes isolated
from peripheral blood mononuclear cells (PBMC) of healthy
donors from the Centro Metropolitano de Sangre y Tejidos,
Hospital Metropolitano (Santiago, Chile), were cultured in
serum-free AIM-V medium (Invitrogen) for 22 hours with
500 U/mL recombinant human IL-4 (rhIL-4; US-Biological)
and 800 U/mL recombinant human granulocyte-macrophage
colony-stimulating factor (thGM-CSF; Sheering Plough)
and then stimulated for 24 hours with 100 ug/mL of OECCL

heat shock-conditioned lysates (Hey, MOVL1, or MOVL2),
heat shock-conditioned melanoma cell lysate (TRIMEL),
and LPS (1 yug/mL) or with medium alone (activated mono-
cytes (AM)) as previously described [28, 29].

2.6. DC/T Cell Cocultures. For allogeneic cell cocultures,
peripheral blood lymphocytes (PBL) were obtained from
healthy donors and cocultured for 5 days with TRIMEL-
DCs, DCs matured with OECCL lysates (MOVL1-DCs or
MOVL2-DCs), AM, or LPS-DCs at ratios DC:PBL of 1:10
and 5:1, in RPMI 1640 medium supplemented with 10%
FBS and 150 IU/mL rhIL-2 (Proleukin). For autologous cell
cocultures, sorted CD4" and CD8" T cells isolated from
PBL of healthy donors were cocultured with AM, TRIMEL-
DCs, Hey-DCs, MOVL1-DCs, or MOVL2-DCs for 14 days
at a DC:T cell 1:10 ratio in RPMI 1640 medium supple-
mented with 10% FBS and 150 IU/mL rhIL-2. T cells were
restimulated at day 7 with freshly prepared DCs maintaining
the initial DC: T cell ratio. The surface expression of CD25
and CXCR3 was analyzed in CD4" and CD8" T cells by flow
cytometry. For intracellular IFN-y, IL-17A, and IL-4 stain-
ing, 1 x 10° T cells were cultured for 4 hours at 37°C in RPMI
1640 medium with 10% FBS containing 1 yg/mL ionomycin,
0.15 uM phorbol myristate acetate (PMA), and 3 ug/mL bre-
feldin-A.

2.7. IFN-y ELISPOT. Sorted CD4" T cells activated or not
with autologous AM, TRIMEL-DCs, Hey-DCs, MOVLI-
DCs, or MOVL2-DCs were cocultured with 1 x 10* target
cells: OECCL (Hey and CAOV3), melanoma cell line
(Mell), or K562 cells for 16 hours at different effector/target
ratios. IFN-y release was tested by an ELISPOT assay accord-
ing to the manufacturer’s instructions (ELISPOT Ready-
SET-Go, eBioscience) as previously described [33].

2.8. Cytotoxicity Assay. The cytotoxic activity of CD8" T cells
against 1 x 10* target cells: OECCL (Hey and CAOV3), mela-
noma cell line (Mell), or K562 cells was measured by conven-
tional 4-hour *'Cr release assays at different effector/target
ratios as described previously.

2.9. Statistical Analysis. All values were expressed as the
mean * standard deviation (SD). Differences in means
between two groups were analyzed by 2-tailed Student’s
t-test or, when data was not normally distributed, with a
nonparametric Mann-Whitney U test. Comparison between
multiple groups was analyzed using one-way ANOVA.
When ANOVA showed significant differences, pairwise
comparison between means was tested by Student’s t-test
or Mann-Whitney analysis. p values < 0.05 were considered
statistically significant. Analyses were performed using
GraphPad Prism 6 software.

3. Results

3.1. OECCL Express a Wide Range of Ovarian Epithelial
Cancer-Associated Antigens. To select OECCL suitable for
the production of cell lysates as the source of multiple tumor
antigens, we first determined the expression levels of well-
established OEC-associated antigens (CA-125, MUC1, ErbB-
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FiGure 1: OECCL express OEC-associated antigens and increase DAMP production under heat shock treatment. (a) Representative
histograms for CA-125, MUCI, survivin, ErbB-2, and CEA expression in four OECCL (CAOV3, SKOV-3, Hey, and A2780) evaluated by
flow cytometry. The upper histograms indicate isotype control staining. (b) The levels of the plasma membrane translocated calreticulin
(surface CRT, left panel) and the HMGBI in the supernatant (right panel) of heat shock-treated (white bars) or control (black bars) OEC
cells. The results were obtained from multiple independent experiments. *p < 0.05, **p < 0.01, and *p < 0.001.

2, CEA, and survivin) [34, 35] in the CAOV3, SKOV-3, Hey,
and A2780 cell lines by flow cytometry. We observed that all
the OEC cell lines evaluated expressed ErbB-2 and CEA anti-
gens (Figure 1(a)). The antigen CA-125 was expressed only by
CAOV3 and in a lesser quantity by SKOV-3 cells. Only
CAOV3 cells expressed the MUCI antigen, and survivin
was expressed by all the cell lines but not by A2780 cells
(Figure 1(a)). Also, we observed differential abundance pat-
terns of these antigens among OECCL: CAOV3 cells showed
the higher expression level of CA-125 and MUCI, compared
to the rest of OECCL, whereas CAOV3 and Hey cells showed
the greater abundance of ErbB-2 expression. The expression
level of CEA was higher in Hey cells. Given that CAOV3
and Hey cells showed the broader and higher expression
pattern of OEC-associated antigens, we suggest that these
cell lines must be included as part of OECCL mixture

lysates destined as an ovarian tumor-associated antigen
source for DC-based immunotherapy.

3.2. Heat Shock Treatment Induces DAMPs in OECCL. For
almost 15 years, we have developed a DC-based vaccine that
improves the long-term survival of patients with advanced
melanoma [28, 30, 33]. This DC vaccine is manufactured
using an allogeneic melanoma cell lysate composed of three
human melanoma cell lines (named TRIMEL) as the source
of melanoma-associated antigens. Moreover, previous to
the lysate generation, the melanoma cell lines were condi-
tioned with a 42°C heat shock protocol, in order to induce
DAMPs such as the plasma membrane translocation of
calreticulin (CRT) and the release of HMGBI1 protein.
We previously showed that these DAMPs act as activators
of the DC vaccines [29]. Heat shock-induced plasma
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F1GURE 2: Heat shock-conditioned OECCL lysates induce maturation and activation-associated marker expression on monocyte-derived
DCs. The surface expression of MHC I, MHC II, CD80, CD83, CD86, CD40, and CCR7 was evaluated by flow cytometry on CD11c" IL-
4/GM-CSF-activated monocytes unstimulated (AM) or stimulated for 24 hours with LPS (1 ug/mL) and the heat shock-conditioned
lysates TRIMEL, MOVLI, or MOVL2 (100 pg/mL). The results were obtained from multiple independent experiments and are showed as
fold change relative to unstimulated AM. Statistics compare treatments to AM; *p < 0.05, **p < 0.01, and *p < 0.001.

membrane translocated CRT and released HMGB1 mediated
an optimal antigen-presenting cell (APC) maturation and
antigen cross-presentation, providing a unique strategy to
obtain efficient tumor antigen-presenting cells with a mature
DC-like phenotype [29]. Here, we evaluated if the OECCL
were able to induce those DAMPs in response to heat shock
treatment. As showed in Figure 1(b), all the OECCL
increased the level of surface CRT and release of HMGBI1
after the heat shock treatment, with the only exception of
the A2780 cell line that did not show significant changes in
CRT exposure. As a positive control, we used the melanoma
cell line Mell used in the elaboration of TRIMEL [29].

3.3. Heat Shock-Conditioned OEC Lysates Induce the
Differentiation of Activated Monocytes into Mature DCs.

We have previously reported that the addition of the heat
shock-conditioned melanoma lysate TRIMEL to IL-4/GM-
CSF-activated monocytes (AM) mediates the induction of
canonical surface markers associated with DC maturation
such as MHC I, MHC II, CD80, CD83, and CD86 [29]. To
explore if heat shocked OECCL-conditioned lysates may
induce similar results, we prepared two different OEC mix-
ture lysates (MOVL) that included CAOV3+SKOV3+Hey
(MOVL1) and CAOV3+SKOV3+A2780 (MOVL2). As
observed in Figure 2, both MOVLI and MOVL2 lysates
induced the expression of maturation and activation markers
(MHC I, MHC II, CD80, CD83, CD86, and CD40) on DCs.
The levels of induction of these markers were similar to the
ones observed in the positive controls: AM stimulated with
LPS or with the TRIMEL lysate. In addition, the expression
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FIGURE 3: Activation of allogeneic CD4" T cells by monocyte-derived DCs maturated with heat shock-conditioned OEC lysates. Peripheral
blood lymphocytes (PBL) were kept alone (LT alone) or cocultured for 5 days with allogeneic IL-4/GM-CSF-activated monocytes
unstimulated (AM) or stimulated for 24 hours with 1 ug/mL LPS (LPS-DC) or 100 ug/mL of heat shock-conditioned lysates TRIMEL
(TRIMEL-DC) and MOVL1 or MOVL2 (MOVLI1-DC and MOVL2-DC, respectively). The expression of CD25, IFN-y, IL-4, and IL-17
was evaluated in the CD4" T cells by flow cytometry. The results were obtained from multiple independent experiments. Statistics
compare treatments to LT alone; *p < 0.05, **p < 0.01, and *p <0.001. Also, a comparison between MLOV1, LPS, and AM was made

using the same p values.

of the chemokine receptor CCR7, involved in the migration
of DCs from periphery to lymph nodes [36], was strongly
induced in AM incubated with MOVL1 and MOVL2 treat-
ments. Altogether, these results indicate that the heat
shocked OEC lysates induce the differentiation and activa-
tion of monocyte-derived DCs.

3.4. DCs Loaded with Heat Shock-Conditioned OEC Lysates
Induce the Activation of Allogeneic CD4" and CD8" T Cells.
To determine if MOVL1 or MOVL2 lysates have the poten-
tial to induce functionally mature DCs, first, we investigated
the capacity of DCs stimulated with these lysates to activate
allogeneic T cells. We evaluated the surface expression of
the T cell activation marker CD25, the effector profile cyto-
kines IFN-y, IL-4, or IL-17 on CD4" T cells (Figure 3), and
CD25, IFN-y, granzyme-B, and perforin expression on
CD8" T cells (Figure 4) cocultured for 5 days with MOVL1-
or MOVL2-DCs. All the DCs tested, including DCs stim-
ulated with LPS (LPS-DC) or TRIMEL (TRIMEL-DC)
(positive controls), induced the expression of CD25 on both
T cell subsets (Figures 3 and 4). Our results also showed that
CD4" T cells cocultured with allogeneic DCs loaded with
MOVL1 or MOVL2 lysates expressed higher levels of the
Thl cytokine IFN-y and, in a lower extent, the Th17 cytokine
IL-17 (Figure 3) than T cells cocultured with AM or kept
alone, whereas the expression of IL-4 on CD4" T cells (related

to the Th2 profile) did not show any significant changes
among different treatments. CD8" T cells cocultured with allo-
geneic MOVLI- or MOVL2-DCs expressed higher levels of
IFN-y and of the effector molecules granzyme-B and perforin
than T cells alone or stimulated with AM (Figure 4). Taken
together, these results suggest that DCs stimulated with heat
shock-conditioned OECCL lysates have the potential to acti-
vate allogeneic CD4" and CD8" T cells.

3.5. DCs Loaded with Heat Shock-Conditioned OEC Lysates
Induce Effector Responses in Autologous CD4" and CD8" T
Cells. Given that heat shock-conditioned OECCL lysates
potentially contain a large number of OEC-associated anti-
gens that can produce a broad number of antigenic epitopes
on DCs for priming T cell responses, we investigated whether
CD4" and CD8" tumor-specific IFN-y-secreting T cells were
also being elicited in vitro by autologous HLA-A2" MOVLI-
or MOVL2-DCs. First, we observed that DCs pulsed with
MOVLI or MOVL2 lysates were able to activate autologous
CD4" and CD8" T cells, measured by the expression level
of CD25 or the chemokine receptor CXCR3 on T cells after
14 days of coculture (Figures 5(a) and 6(a)). Moreover, after
coculture with autologous DCs, we evaluated the level of
IFN-y secretion by CD4" T cells challenged with two HLA-
A2" OECCL present in the MOVL1 and MOVL2 lysates
(Hey and CAOV3 cells) and HLA-A2" melanoma cell line
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FIGURE 4: Activation of allogeneic CD8" T cells by monocyte-derived DCs maturated with heat shock-conditioned OEC lysates. Peripheral
blood lymphocytes (PBL) were kept alone (LT alone) or cocultured for 5 days with allogeneic IL-4/GM-CSF-activated monocytes
unstimulated (AM) or stimulated for 24 hours with 1 ug/mL LPS (LPS-DC) or 100 pug/mL of heat shock-conditioned lysates TRIMEL
(TRIMEL-DC) and MOVLI or MOVL2 (MOVLI1-DC and MOVL2-DC, respectively). The expression of CD25, IFN-y, granzyme-B, and
perforin was evaluated in the CD8" T cells by flow cytometry. The results were obtained from multiple independent experiments. Statistics
compare treatments to LT alone; *p < 0.05, **p <0.01, and *p <0.001. Also, a comparison between MLOV1, LPS, and AM was made,

using the same p values.

(Mell) or with the leukemic cell line K562 (HLA-DR') as neg-
ative controls. Figure 5(b) shows that MOVL1- or MOVL2-
DC-activated CD4" T cells released significantly higher levels
of IFN-y after challenge with Hey or CAOV3 cells than
CD4" T cells unstimulated (LT alone) or cocultured with
AM. Similarly, CD4" T cells cocultured with TRIMEL-DCs
were able to cross-recognize OEC cells in a discrete way, indic-
ative of shared antigens between both kinds of tumor cells.

Interestingly, CD4" T cells activated with DC loaded with a
heat shock-conditioned lysate made only from Hey cells
(Hey-DC), despite having a similar level of cell activation
(Figure 5(a)), released lower levels of IFN-y after challenge
with Hey or CAOV3 cells than CD4" T cells cocultured with
MOVLI1/2-DCs (Figure 5(b)), suggesting a synergic or summa-
tive effect of using mixed OEC lysates. As expected, none of
the CD4™ T cells released IFN-y upon challenging with K562.
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FIGURE 5: Activation of autologous T cells by monocyte-derived DCs maturated with heat shock-conditioned OEC lysates. Sorted CD4™ (a)
and CD8" (b) T cells were kept alone (LT alone) or cocultured for 14 days with autologous IL-4/GM-CSF-activated monocytes unstimulated
(AM) or maturated for 24 hours with 100 yg/mL of heat shock-conditioned lysates TRIMEL, Hey, MOVL1, or MOVL2 (TRIMEL-DC, Hey-
DC, MOVL1-DC, and MOVL2-DC, respectively). The expression levels of CD25 and CXCR3 on CD4" (a) or CD8" (b) T cells were analyzed
by flow cytometry and showed as mean fluorescence intensities (MFI). The results were obtained from multiple independent experiments.
Statistics compare treatments to AM; *p < 0.05; **p < 0.01, and “p < 0.001.
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FIGURE 6: Monocyte-derived DCs maturated with heat shock-conditioned OEC lysates induce antitumor effector responses in autologous
CD4" and CD8" T cells. Sorted CD4" (a) and CD8" (b) T cells were kept alone (LT alone) or cocultured for 14 days with autologous IL-
4/GM-CSF-activated monocytes unstimulated (AM) or maturated for 24 hours with 100 ug/mL of heat shock-conditioned lysates
TRIMEL, Hey, MOVLI, or MOVL2 (TRIMEL-DC, Hey-DC, MOVL1-DC, and MOVL2-DC, respectively). After coculture with the
different DCs, CD4" (a) and CD8" (b) T cells were sorted and challenged with different target tumor cells (Hey, CAOV3, Mell, and K562).
(a) IFN-y secretion was evaluated by ELISPOT assays. (b) The lysis of the target cells was evaluated by >'Cr release assays. The results were
obtained from multiple independent experiments. Statistics compare treatments to AM; **p < 0.01 and *p < 0.001.
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In a similar way, we studied the cytolytic activity of CD8"
T cells previously cocultured with autologous HLA-A2" DCs
pulsed with MOVL1 or MOVL2 lysates. CD8" T cells were
isolated after coculture by cell sorting and challenged with
Hey, CAOV3, Mell, and K562 cells. Figure 6(b) shows that
CD8" T cells stimulated with MOVL1- or MOVL2-DCs were
able to lyse Hey, CAOV3, and in a lesser extent Mell cells.
Comparable to the results showed in Figure 6(a), CD8" T
cells activated with TRIMEL-DCs were able to cross-
recognize OEC cells but in a lower degree. As expected, the
K562 cells were not killed by any of the CD8" T cells.

4. Discussion

Based on previous clinical findings, OEC has been recog-
nized as a highly immunogenic tumor. Indeed, the presence
of CD8" tumor infiltrating lymphocytes is associated with an
improved clinical outcome in late-stage ovarian cancer
patients [37]. In addition, tumor-reactive T cells and anti-
bodies can be detected in the blood and ascites of OEC
patients with advanced disease. On the other hand, tumor-
resident regulatory T cells are negatively correlated with
prognosis in many cancer patients, including OEC [6]. In
addition, in most OEC tumors, the tumor-reactive lympho-
cyte populations show impaired antitumor function in vivo,
given that this particular tumor presents multiple mecha-
nisms of immune evasion [38]. Nevertheless, immunogenic
tumors as OEC can benefit from different immunotherapeu-
tic interventions.

The use of therapeutic DC-based cancer vaccines as
monotherapy or as complements to the ICB (such as anti-
CTLA-4, anti-PD-1, or anti-PD-L1) may constitute a feasible
possibility for improvement of clinical response rates in
OEC patients, mainly due to their relative effectiveness in
activating cell-mediated immune responses and their lack
of severe side effects in cancer patients. The use of immuno-
therapeutic approaches, including DC vaccines, for OEC
treatment has become an area of active investigation, and
a number of clinical trials have been conducted or are still
in development [39, 40].

The optimal delivery of tumor antigens is one of the
most important factors for the success of DC-based anti-
cancer vaccines. Superior clinical efficacy was consistently
observed in cancer patients vaccinated with DCs pulsed
with whole tumor lysates compared with DCs pulsed with
defined tumor-associated peptides/proteins [41]. Autolo-
gous whole tumor antigens offer an unparalleled advantage
as they allow DCs to process and present a broad range of
tumor-associated antigens to stimulate strong, polyclonal,
and long-term memory CD4" and CD8" T cell responses,
potentially preventing tumor immune escape. Moreover, this
strategy is suitable for all cancer patients regardless of their
HLA haplotype. However, not all cancer patients have surgi-
cally removable tumors, and therefore, a useful and promis-
ing alternative is the preparation of allogeneic cancer cell
lysates that have demonstrated to provide a standardized
applicable source of tumor-specific antigens in patients with
nonresectable tumors [28, 29].

Journal of Immunology Research

Importantly, whole tumor lysates can be prepared in
several ways, and the methods of inducing cell death, cell
stress, or the chemical modification of proteins could impact
the immunogenicity and efficacy of the therapy. Current
immunogenic treatment modalities used for preconditioning
tumor cell lysates include ultraviolet irradiation, oxidation-
inducing modalities, and heat shock treatments [29, 32].
We previously showed that the heat shock treatment induces
the release of well-established DAMPs, such as CRT and
HMGBI, as well as putative DAMPs, such as haptoglobin.
Melanoma and gallbladder cancer cells, and lysates generated
from these cells, are immunogenic and clinically efficient
[28-30, 42]. In the present study, we generated two heat
shock-conditioned tumor lysates from mixtures of four dif-
ferent OEC cell lines (MOVLI1: CAOV3, SKOV3, and Hey
and MOVL2: CAOV3, SKOV3, and A2780), which showed
important characteristics that suggest their potential as an
antigen source for DC vaccines: (i) both lysate mixtures con-
tain a broad panel of antigens relevant to OEC (Figure 1(a));
(ii) both lysate mixtures include different molecules that
could act as DAMPs, such as released HMGBI and translo-
cated eCRT (Figure 1(b)); (iii) both lysate mixtures promote
a rapid and efficient differentiation of monocytes to mature
DC-like cells (Figure 2); and (iv) DCs generated with these
lysates were able to induce the activation of both CD4"
and CD8" T cells, which efficiently recognize and kill OEC
tumor cells (Figures 3-6). Our results indicated that DCs
loaded with heat shock-conditioned OEC lysates were able
to induce the recognition of OEC cells by autologous CD4"
and CD8" T cells (Figures 5 and 6). A major prerequisite
for all immunotherapies that target MHC molecules (such
as DC vaccines) is the persistent expression of these mole-
cules on their target cancer cells. Recently, a high expression
of HLA class I molecules on various ovarian tumors in both
the RNA and protein levels without any evidence for HLA
loss or downregulation [43] has been shown. The same
report demonstrates that EOC strongly express also HLA-
DR molecules, which correlate with the strong recognition
of OEC cells by the DC-activated CD4" T cells in our exper-
iments (Figure 5(a)).

In conclusion, we propose that OEC heat shock-
conditioned cell lysate-loaded DCs may be considered for
future immunotherapy approaches alone or in combination
with currently used immune checkpoint blocking therapies
for ovarian cancer patients.

Abbreviations

AM: Activated monocytes

APC: Antigen-presenting cells

CA-125: Cancer antigen 125

CCR7: C-C chemokine receptor type 7

CEA: Carcinoembryonic antigen

CRT: Calreticulin

CTLA-4: Cytotoxic T lymphocyte antigen-4
CXCR3: C-X-C motif chemokine receptor 3
DAMPs: Damage-associated molecular patterns
DCs: Dendritic cells

EDTA: Ethylenediamine tetra acetic acid



Journal of Immunology Research

ELISA: Enzyme-linked immunosorbent assay
ELISPOT: Enzyme-linked immunosorbent spot
ErbB-2: Receptor tyrosine-protein kinase erbB-2

FBS: Fetal bovine serum

Hey-DCs: Dendritic cells matured with heat shock-
conditioned Hey lysate

HLA: Human leucocyte antigen

HMGBI: High mobility group box-1

ICB: Immune checkpoint blockers

IFN-y: Interferon gamma

LPS: Lipopolysaccharide

LPS-DCs: Dendritic cells matured with LPS

LT: Lymphocytes

mADb: Monoclonal antibody

MHC: Major histocompatibility complex

MOVL: Mixed ovarian carcinoma lysate

MOVL1/2-DCs: Dendritic cells matured with MOVLI1 or
MOVL2 lysates

MUC I: Mucin-1

OEC: Ovarian epithelial carcinoma

OECCL: Opvarian epithelial carcinoma cell line

PBL: Peripheral blood lymphocyte

PBMC: Peripheral blood mononuclear cell

PBS: Phosphate-buffered saline

PD-1: Programmed death-1

PD-L1: Programmed death ligand-1

PMA: Phorbol myristate acetate

rhGM-CSEF: Recombinant human granulocyte-
macrophage colony-stimulating factor

rhiL: Recombinant human interleukin

SD: Standard deviation

Th1: Type 1 T helper cells

Th2: Type 2 T helper cells

Th17: Type 17 T helper cells

Treg: T regulatory cells

TRIMEL-DCs:  Dendritic cells matured with TRIMEL
lysate.

Data Availability

The data used to support the discoveries of this study are
available from the corresponding authors upon request to
the email melopez@uchile.cl and fgonzalez@uchile.cl.

Ethical Approval

The Bioethical Committee of Centro Metropolitano de
Sangre y Tejidos, Hospital Metropolitano, Santiago de Chile,
approved the use of buffy coats of healthy donors. The Ethics
Committee for Research in Human Beings of Universidad de
Chile Medical School approved the use of human samples
and tumors (Project 086-2017).

Conflicts of Interest

The authors declare that they have no conflict of interest.

11

Acknowledgments

We thank Marisol Briones for administrative and technical
support. We also thank Mr. Juan Fernandez for translational
assistance during the preparation of this manuscript. This
work was funded by grants from the National Fund for Scien-
tific and Technological Development (FONDECYT 1171213,
11160380, and 11130607), the Fund for the Promotion of Sci-
entific and Technological Development (Fondo de Fomento
al Desarrollo Cientifico y Tecnoldgico ID16110148), and the
Millennium Science Initiative from the Ministerio de Econo-
mia, Fomento y Turismo (P09/016-F).

References

[1] J. Ferlay, I. Soerjomataram, R. Dikshit et al., “Cancer incidence
and mortality worldwide: sources, methods and major patterns
in GLOBOCAN 2012, International Journal of Cancer,
vol. 136, no. 5, pp. E359-E386, 2015.

[2] R.J. Kurman and I. M. Shih, “The origin and pathogenesis of
epithelial ovarian cancer: a proposed unifying theory,” The
American Journal of Surgical Pathology, vol. 34, no. 3,
pp. 433-443, 2010.

[3] S. McPhail, S. Johnson, D. Greenberg, M. Peake, and B. Rous,
“Stage at diagnosis and early mortality from cancer in
England,” British Journal of Cancer, vol. 112, Supplement 1,
pp. S108-S115, 2015.

[4] S.E. Wright, K. A. Rewers-Felkins, I. S. Quinlin et al., “Cyto-
toxic T-lymphocyte immunotherapy for ovarian cancer: a pilot
study,” Journal of Immunotherapy, vol. 35, no. 2, pp. 196-204,
2012.

[5] S.A. Cannistra, “Cancer of the ovary,” The New England Jour-
nal of Medicine, vol. 351, no. 24, pp. 2519-2529, 2004.

[6] S.Y. C. Yang, S. Lheureux, K. Karakasis et al., “Landscape of
genomic alterations in high-grade serous ovarian cancer from
exceptional long- and short-term survivors,” Genome Medi-
cine, vol. 10, no. 1, p. 81, 2018.

[7] B. Barnett, I. Kryczek, P. Cheng, W. Zou, and T. J. Curiel,
“Regulatory T cells in ovarian cancer: biology and therapeutic
potential,” American Journal of Reproductive Immunology,
vol. 54, no. 6, pp. 369-377, 2005.

[8] W.T.Hwang, S. F. Adams, E. Tahirovic, I. S. Hagemann, and
G. Coukos, “Prognostic significance of tumor-infiltrating T
cells in ovarian cancer: a meta-analysis,” Gynecologic Oncology,
vol. 124, no. 2, pp. 192-198, 2012.

[9] U.K. Scarlett, J. R. Cubillos-Ruiz, Y. C. Nesbeth et al., “In situ
stimulation of CD40 and Toll-like receptor 3 transforms ovar-
ian cancer-infiltrating dendritic cells from immunosuppres-
sive to immunostimulatory cells,” Cancer Research, vol. 69,
no. 18, pp. 7329-7337, 2009.

[10] U. K. Scarlett, M. R. Rutkowski, A. M. Rauwerdink et al.,
“Ovarian cancer progression is controlled by phenotypic
changes in dendritic cells,” The Journal of Experimental Medi-
cine, vol. 209, no. 3, pp- 495-506, 2012.

[11] J. R. Cubillos-Ruiz, X. Engle, U. K. Scarlett et al., “Polyethyle-
nimine-based siRNA nanocomplexes reprogram tumor-
associated dendritic cells via TLR5 to elicit therapeutic antitu-
mor immunity,” The Journal of Clinical Investigation, vol. 119,
no. 8, pp. 2231-2244, 2009.

[12] E.Huarte, J. R. Cubillos-Ruiz, Y. C. Nesbeth et al., “Depletion
of dendritic cells delays ovarian cancer progression by



12

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

boosting antitumor immunity,” Cancer Research, vol. 68,
no. 18, pp. 7684-7691, 2008.

D. M. Pardoll, “The blockade of immune checkpoints in can-
cer immunotherapy,” Nature Reviews Cancer, vol. 12, no. 4,
pp. 252-264, 2012.

P. Sharma and J. P. Allison, “Immune checkpoint targeting in
cancer therapy: toward combination strategies with curative
potential,” Cell, vol. 161, no. 2, pp. 205-214, 2015.

M. Guida, S. Pisconti, and G. Colucci, “Metastatic mela-
noma: the new era of targeted therapy,” Expert Opinion on
Therapeutic Targets, vol. 16, Supplement 2, pp. S61-S70,
2012.

J. Larkin, F. S. Hodi, and J. D. Wolchok, “Combined nivolu-
mab and ipilimumab or monotherapy in untreated mela-
noma,” The New England Journal of Medicine, vol. 373,
no. 13, pp. 1270-1271, 2015.

A. Farolfi, L. Ridolfi, M. Guidoboni et al., “Ipilimumab in
advanced melanoma: reports of long-lasting responses,” Mela-
noma Research, vol. 22, no. 3, pp. 263-270, 2012.

J. R. Brahmer, C. G. Drake, I. Wollner et al., “Phase I study of
single-agent anti-programmed death-1 (MDX-1106) in refrac-
tory solid tumors: safety, clinical activity, pharmacodynamics,
and immunologic correlates,” Journal of Clinical Oncology,
vol. 28, no. 19, pp. 3167-3175, 2010.

E. Simeone and P. A. Ascierto, “Immunomodulating antibod-
ies in the treatment of metastatic melanoma: the experience
with anti-CTLA-4, anti-CD137, and anti-PD1,” Journal of
Immunotoxicology, vol. 9, no. 3, pp. 241-247, 2012.

O. Hamid, C. Robert, A. Daud et al, “Safety and tumor
responses with lambrolizumab (anti-PD-1) in melanoma,” The
New England Journal of Medicine, vol. 369, no. 2, pp. 134-144,
2013.

C. Kyiand M. A. Postow, “Immune checkpoint inhibitor com-
binations in solid tumors: opportunities and challenges,”
Immunotherapy, vol. 8, no. 7, pp. 821-837, 2016.

J. Hamanishi, M. Mandai, T. Ikeda et al., “Safety and antitu-
mor activity of anti-PD-1 antibody, nivolumab, in patients
with platinum-resistant ovarian cancer,” Journal of Clinical
Oncology, vol. 33, no. 34, pp. 4015-4022, 2015.

A. Vasaturo, S. Di Blasio, D. G. Peeters et al., “Clinical implica-
tions of co-inhibitory molecule expression in the tumor micro-
environment for DC vaccination: a game of stop and go,”
Frontiers in Immunology, vol. 4, p. 417, 2013.

J. Gong, N. Nikrui, D. Chen et al., “Fusions of human ovarian
carcinoma cells with autologous or allogeneic dendritic cells
induce antitumor immunity,” Journal of Immunology,
vol. 165, no. 3, pp. 1705-1711, 2000.

P. Brossart, S. Wirths, G. Stuhler, V. L. Reichardt, L. Kanz, and
W. Brugger, “Induction of cytotoxic T-lymphocyte responses
in vivo after vaccinations with peptide-pulsed dendritic cells,”
Blood, vol. 96, no. 9, pp. 3102-3108, 2000.

L. E. Kandalaft, C. L. Chiang, J. Tanyi et al., “A phase I vaccine
trial using dendritic cells pulsed with autologous oxidized
lysate for recurrent ovarian cancer,” Journal of Translational
Medicine, vol. 11, p. 149, 2013.

J. L. Tanyi, S. Bobisse, E. Ophir et al., “Personalized cancer
vaccine effectively mobilizes antitumor T cell immunity in
ovarian cancer,” Science Translational Medicine, vol. 10,
no. 436, article eaao5931, 2018.

M. N. Lopez, C. Pereda, G. Segal et al., “Prolonged survival of
dendritic cell-vaccinated melanoma patients correlates with

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

(42]

[43]

Journal of Immunology Research

tumor-specific delayed type IV hypersensitivity response and
reduction of tumor growth factor beta-expressing T cells,”
Journal of Clinical Oncology, vol. 27, no. 6, pp. 945-952, 2009.
R. Aguilera, C. Saffie, A. Tittarelli et al., “Heat-shock induction
of tumor-derived danger signals mediates rapid monocyte dif-
ferentiation into clinically effective dendritic cells,” Clinical
Cancer Research, vol. 17, no. 8, pp. 2474-2483, 2011.

F. E. Gonzalez, A. Gleisner, F. Falcon-Beas, F. Osorio, M. N.
Lépez, and F. Salazar-Onfray, “Tumor cell lysates as immuno-
genic sources for cancer vaccine design,” Human Vaccines &
Immunothempeutics, vol. 10, no. 11, pp. 3261-3269, 2014.

D. Reyes, L. Salazar, E. Espinoza et al., “Tumour cell lysate-
loaded dendritic cell vaccine induces biochemical and memory
immune response in castration-resistant prostate cancer
patients,” British Journal of Cancer, vol. 109, no. 6, pp. 1488-
1497, 2013.

D. Rojas-Sepulveda, A. Tittarelli, M. A. Gleisner et al., “Tumor
lysate-based vaccines: on the road to immunotherapy for gall-
bladder cancer,” Cancer Immunology, Immunotherapy, vol. 67,
no. 12, pp. 1897-1910, 2018.

A. Escobar, M. Lopez, A. Serrano et al., “Dendritic cell immuni-
zations alone or combined with low doses of interleukin-2 induce
specific immune responses in melanoma patients,” Clinical and
Experimental Immunology, vol. 142, no. 3, pp. 555-568, 2005.

J. E. Sanchez Vega, M. D. R. Murillo Bacilio, A. S. Vintimilla
Condoy, A. M. Palta Gonzélez, J. A. Crespo Astudillo, and
F. G. Mora-Bravo, “Predictive equation of metastasis in
patients with malignant ovarian epithelial tumors with the
Ca-125 marker,” BMC Cancer, vol. 18, no. 1, p. 587, 2018.

S. Sato, T. Kato, K. Abe et al., “Pre-operative evaluation of cir-
culating KL-6 levels as a biomarker for epithelial ovarian carci-
noma and its correlation with tumor MUCI expression,”
Oncology Letters, vol. 14, no. 1, pp. 776-786, 2017.

M. R. Clatworthy, C. E. Aronin, R. J. Mathews, N. Y. Morgan,
K. G. Smith, and R. N. Germain, “Immune complexes stimu-
late CCR7-dependent dendritic cell migration to lymph
nodes,” Nature Medicine, vol. 20, no. 12, pp. 1458-1463, 2014.

P. P. Santoiemma and D. J. Powell Jr., “Tumor infiltrating lym-
phocytes in ovarian cancer,” Cancer Biology & Therapy,
vol. 16, no. 6, pp. 807-820, 2015.

T. Worzfeld, E. Pogge von Strandmann, M. Huber et al., “The
unique molecular and cellular microenvironment of ovarian
cancer,” Frontiers in Oncology, vol. 7, p. 24, 2017.

S. Martin Lluesma, A. Wolfer, A. Harari, and L. E. Kandalaft,
“Cancer vaccines in ovarian cancer: how can we improve?,”
Biomedicine, vol. 4, no. 2, p. 10, 2016.

J. B. Pakish and A. A. Jazaeri, “Immunotherapy in gynecologic
cancers: are we there yet?,” Current Treatment Options in
Oncology, vol. 18, no. 10, p. 59, 2017.

M. A. Neller, J. A. Lopez, and C. W. Schmidt, “Antigens for
cancer immunotherapy,” Seminars in Immunology, vol. 20,
no. 5, pp. 286-295, 2008.

F. E. Gonzalez, A. Chernobrovkin, C. Pereda et al., “Proteomic
identification of heat shock-induced danger signals in a mela-
noma cell lysate used in dendritic cell-based cancer immuno-
therapy,” Journal of Immunology Research, vol. 2018, Article
1D 3982942, 15 pages, 2018.

H. Schuster, J. K. Peper, H. C. Bosmiiller et al., “The immuno-
peptidomic landscape of ovarian carcinomas,” Proceedings of
the National Academy of Sciences of the United States of Amer-
ica, vol. 114, no. 46, pp. E9942-E9951, 2017.



	Dendritic Cells Loaded with Heat Shock-Conditioned Ovarian Epithelial Carcinoma Cell Lysates Elicit T Cell-Dependent Antitumor Immune Responses In Vitro
	1. Introduction
	2. Materials and Methods
	2.1. Cell Lines and Heat Shock-Conditioned OEC Lysates
	2.2. Antibodies
	2.3. Flow Cytometry
	2.4. HMGB1 ELISA
	2.5. DC Generation
	2.6. DC/T Cell Cocultures
	2.7. IFN-γ ELISPOT
	2.8. Cytotoxicity Assay
	2.9. Statistical Analysis

	3. Results
	3.1. OECCL Express a Wide Range of Ovarian Epithelial Cancer-Associated Antigens
	3.2. Heat Shock Treatment Induces DAMPs in OECCL
	3.3. Heat Shock-Conditioned OEC Lysates Induce the Differentiation of Activated Monocytes into Mature DCs
	3.4. DCs Loaded with Heat Shock-Conditioned OEC Lysates Induce the Activation of Allogeneic CD4+ and CD8+ T Cells
	3.5. DCs Loaded with Heat Shock-Conditioned OEC Lysates Induce Effector Responses in Autologous CD4+ and CD8+ T Cells

	4. Discussion
	Abbreviations
	Data Availability
	Ethical Approval
	Conflicts of Interest
	Acknowledgments

