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Introduction. Anticancer vaccines based on activated
dendritic cells (DCs) are of significant interest. Constructing
and utilizing cellular models that reproduce immunological
responses for monitoring such therapy and predicting discase
outcomes is a promising approach.

Aim. To develop autologous cellular models that reproduce
in vitro activation of antitumor mechanisms following exposure
to a DC vaccine and to study their prognostic value during
treatment.

Materials and Methods. Biological material was obtained
from 11 patients (7 with skin melanoma, 4 with soft tissue
or osteogenic sarcomas (STS/OS) treated with the autologous
CaTeVac vaccine in N.N. Petrov National Medical Research
Center of Oncology. Cellular models were created using cul-
tures of patient-derived tumor cells and T-lymphocytes activat-
ed via coculture with vaccine DCs. The models were analyzed
using flow cytometry, enzyme-linked immunosorbent assay
(ELISA), and assessment of tumor cell proliferation potential.

Results. Generation of activated T-lymphocytes in response
to vaccine DC stimulation was observed in 90.9 % of patients
prior to treatment. The modeled interaction between T-lympho-
cytes and autologous tumor cells reproduced the clinical re-
sponse in in § out of 11 (72.7 %) of cases. Inverse correlations
were found between the levels of MICA and TGFp, secreted by
tumor cells and the cell lysis ratio (tho =-0.792, p = 0.001 and
rho = —-0.472, p = 0.048, respectively), and between relative

content of proliferating CD3*CFSE" lymphocytes and plasma
concentrations of IL-10 (tho = -0.579, p = 0.019) and TGFp,
(rtho = -0.512, p = 0.043) in patients’ peripheral blood be-
fore treatment. During the formation of a proliferating CD3*
cell clone, an increase in the subset of terminally differen-
tiated lymphocytes (TEMRA) CD4" (p = 0.018) and CD8+
(p = 0.048) was observed in patients with a sufficient effect
(SE) before treatment compared to those with an insufficient
effect (IE). After 2—6 cycles of DCV, SE patients experienced
a significant increase in the number of CD8+ effector memory
cells (CD8"Tem) (p = 0.036) and TEMRA CD8" lymphocytes
producing granzyme B (TEMRA GrB*CDS8) (p = 0.025).

Conclusion. The cytotoxic properties of antigen-specific
T-lymphocytes induced by mature DCs vary between patients
and correlate with the clinical disease presentation and therapy
response. This supports the use of 2D and 3D cellular mod-
eling as an in vitro method for predicting and monitoring the
efficacy of dendritic cell-based immunotherapy.
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Introduction

Among immunotherapeutic approaches cur-
rently under development, considerable attention
is focused on tumor vaccines based on activated
dendritic cells (DCs). The principal mechanism of
these vaccines involves immunizing patients with
immunogenic peptides derived from tumor-associ-
ated antigens, thereby inducing a polyvalent adap-
tive immune response directed specifically against
malignant tumor cells [1].

DCs, often referred to as “nature’s adjuvants,”
are professional antigen-presenting cells that play
a critical role in stimulating adaptive immune re-
sponses by providing three essential signals required
for lymphocyte activation. First, DCs process both
intracellular and extracellular antigens and present
antigen-derived peptides on major histocompatibili-
ty complex (MHC) class I or II molecules to CD8*
and CD4" T lymphocytes, respectively. Second,
DCs deliver crucial co-stimulatory signals to lym-
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phocytes, predominantly mediated by the CDS80/
CD86 : CD28 interaction. Finally, DCs secrete po-
larizing cytokines such as interleukin-12 (IL-12),
which stimulate the effector functions of lympho-
cytes. Through their interaction with DCs, naive T
cells differentiate into effector T cells, culminating
in the generation of tumor-specific cellular and hu-
moral immune responses. Consequently, DCs, as
key mediators of the immune response, represent
a highly promising foundation for a multitude of
cancer vaccine strategies [2].

DCs also possess the ability to coordinate not
only adaptive but also innate immunity. Within the
innate immune system, DCs secrete protective cyto-
kines such as IL-6 and IL-12, and growth factors,
in response to “danger” signals, modulating ongo-
ing immune reactions. Furthermore, DCs directly
interact with innate immune cells, including natural
killer cells, macrophages, and mast cells, thereby
orchestrating a robust and comprehensive immune
response [3].
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Evidence indicates that cancer patients exhibit
both quantitative and functional deficiencies in DC
populations, with the reduction more pronounced
in metastatic compared to early-stage primary tu-
mors [4]. The immunosuppressive microenviron-
ment established by malignant cells impedes DC
maturation and function, resulting in deficient tu-
mor-specific immune responses [5]. Moreover, de-
ficient immunogenicity in so-called “cold” tumors
is frequently attributed either to the absence of T
cell infiltration or to their dysfunctional/exhausted
status. These defects within the cancer-immunity
cycle can be addressed through dendritic cell vac-
cines (DCVs).

The most commonly employed method of DCV
production is the sensitization of DCs with tumor
antigens obtained from tumor cell lysates. Imma-
ture DCs, loaded with patient-derived tumor anti-
gens, subsequently differentiate into mature DCs,
which, once antigen-equipped, are reintroduced into
patients to potentiate antitumor immune activation
in vivo [6].

A critical aspect in achieving DCV efficacy lies
in the identification and investigation of factors that
allow prediction of disease outcome and selection
of cancer patients most likely to respond favorably
to treatment. The design and application of cellu-
lar models that replicate the extent of restoration
of immune responses targeting the recognition and
elimination of patient tumor cells following DCV
therapy represent a highly promising area for the
discovery of prognostic and predictive factors.

Therefore, the aim of our study was to develop
autologous cellular models that reproduce in vitro
the activation of antitumor mechanisms resulting
from exposure to DCV, and to investigate their
prognostic value during treatment.

Materials and Methods

Patient Material Characteristics

This study included biological samples from 11
patients: 7 with disseminated forms of cutaneous
melanoma (CM) and 4 with soft tissue and osteo-
genic sarcomas (STS/OS), all of whom received
autologous dendritic cell vaccination (DCV, CaTeV-
ac) at the N.N. Petrov National Medical Research
Center of Oncology, Ministry of Health of Russia
[7]. The study protocol was approved by the In-
stitutional Ethics Committee, and written informed
consent was obtained from all participants. Detailed
clinical characteristics of the patients are presented
in Table 1. Among STS/OS patients, 2 had osteo-
genic sarcoma, 1 had pleomorphic rhabdomyosar-
coma, and 1 had a tumor of the peripheral nerve
sheath. For analysis of differential clinical effects of
DCYV, patients were stratified based on therapeutic
response as having a sufficient effect (SE) or an
insufficient effect (IE). Sufficient effect was defined
as the absence of disease progression for at least 6
months under standalone (palliative) therapy or 12
months with adjuvant immunotherapy [8]. Six pa-
tients experienced SE and received 12-62 DCV cy-
cles, while five showed IE with 4-12 DCV cycles.

Table 1. Patient Characteristics

Patient Characteristic cM STS/OS
N 7 4
Median 52 105
Age, years Rongs T 2
Male 3 .
S Female 4 0
1I 0 P
Disease stage 111 p 0
v ) 1
0 7 5
Previous lines of systemic treatment ; g 1
3 and more 0 2
Adjuvant 7 I
P therapy mode Therapeutic 0 3
Median 12 T
No of DC therapy cycles Range o =
Effect of DC therapy SE 3 3
IE 4 |

CM — cutaneous melanoma; STS/OS — soft tissue sarcomas and osteogenic sarcomas; SE — Sufficient effect; IE — Insufficient effect.
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Isolation and Cultivation of Malignant Tumor
Cells

Tumor tissue fragments were mechanically dis-
sociated using a Medimachine (Agilent Technolo-
gies, USA). Tumor cells were seeded into plastic
culture flasks (Sarstedt, Germany) and continuous-
ly cultured in a CO: incubator (“Heracel”, Ther-
mo Electron LTD GmbH, Germany) according
to Freshney’s protocols [9] with in-house modi-
fications [10], using DMEM/F12 medium (Biolot,
Russia) supplemented with 20 % fetal bovine se-
rum (Biolot, Russia), 20 % conditioned medium
from human embryonic lung fibroblasts, insulin
(5 pg/mL), transferrin (5 pg/mL), and selenium
(5 ng/mL) (Invitrogen, USA). Upon reaching con-
fluence, subculturing was performed using equal
volumes of 0.25 % trypsin and 0.02 % versene
(Biolot, Russia). Continuous culturing of tumor
cells was maintained for a minimum of 10 passag-
es, where each passage denotes a single round of
cell seeding and growth in culture [9]. Real-time
monitoring of tumor cell growth was performed
using a Cell-IQ system (Chip Man Technologies,
Finland).

To prevent fibroblast contamination, geneticin
was added at a concentration of 100pg/mL [11].
Culture purity was controlled using flow cytome-
try (FACS Canto II, BD, USA) with monoclonal
antibodies targeting the fibroblast marker ER-TR7
(Santa Cruz Biotech, USA).

Cultivation of Dendritic Cells

For generation of autologous vaccine DCs, the
adherent CD14+ monocyte fraction was isolated
from the peripheral blood of oncology patients
and processed using a previously optimized proto-
col [7]. Differentiation was performed in balanced
serum-free “Cell-Gro DC” medium (CellGenix,
Germany) in high-adhesion culture flasks (TPP,
Switzerland) at 37 °C, 5 % CO., and 98 % hu-
midity. Granulocyte-macrophage colony-stimulating
factor (GM-CSF, 72ng/mL) and interleukin-4 (IL-4,
20 ng/mL) (CellGenix, Germany) were added on
days 1, 3, and 5 of cultivation. For antigen loading
and specific activation, on day 7, immature DCs
(CD14-CDla") were pulsed with IRTAN-2018, a
lysate cocktail of nine allogenic HLA-positive tu-
mor cell lines [12], and exposed to lysed tumor
cells at a 3:1 ratio. Tumor necrosis factor-alpha
(TNF-a, 20 ng/mL), IL-4 (20 ng/mL), and GM-CSF
(72 ng/mL) were added simultaneously. After 48
hours, DCs with the phenotype CD1a CD83" were
harvested by centrifugation.

At all stages, DCs were assessed for lineage
and differentiation antigen expression using laser
flow cytometry (BD FACSCanto 11, BD, USA) with
fluorochrome-conjugated monoclonal antibodies:
CDI14-FITC, CDla-APC, CD83-PE-Cy7, CDS8O0-
APC-Cy7, CD86-PerCP-Cy5.5, CD40-PE, HLA-
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DR-APC-Cy7, CD209-PerCP-CyS5.5, and CCR7-
BV421[13].

Cultivation of Activated Lymphocytes

Lymphocytes were activated by co-culturing
with autologous vaccine DCs. Cryopreserved lym-
phocyte suspensions were thawed and introduced
into the culture system. On day 16, the lympho-
cyte fraction was collected and transferred to a
new culture system with fresh DCs loaded with
tumor antigens. Continuous co-culture with DCs
and lymphocytes was carried out for 14 days in
the presence of cytokines IL-2 (12.5 IU/mL) and
IL-7 (10 ng/mL).

Assessment of Induced T-Cell Proliferation

Induced T-cell proliferation was assessed using
the fluorescent dye CFSE (5uM). Vaccine DCs were
added at an effector:target ratio of 10 : 1 to induce
effector T-cell proliferation. The relative content of
proliferating T cells was evaluated on day 5 of
co-culture by tracking CFSE dilution using flow
cytometry (FACS Canto II, BD Biosciences, USA)
and BD FACSDiva software (version 8.0.1). Spon-
taneous proliferation of CFSE-labeled lymphocytes
served as a negative control.

Analysis of the Pool Composition of Proliferat-
ing T Lymphocytes Activated in vitro

The subpopulation structure of proliferating T
cells induced by mature DCs was analyzed by flow
cytometry (FACS Canto II, BD Biosciences, USA)
using monoclonal antibodies conjugated with flu-
orochromes: CD45RA-PE, CD28-PerCP-Cys5.5,
CDS-PE-Cy7, CD3-APC, CD45-APC-Cy7, and
CD197-BV421 (CCR7) (BD Biosciences, USA)
and the BD FACSDiva program (version 8.0.1).
Antigen-specific granzyme B (GrB) production by
T cells was assessed by intracellular staining with
monoclonal antibodies using specific protocols for
fixation and membrane permeabilization (BD Cy-
tofix/Cytoperm™).

Cytotoxicity Assay

Cytotoxicity was evaluated by analyzing pro-
liferation of malignant tumor cells co-cultured
with specifically activated T-lymphocytes using
the xCELLigence RTCA DP Instrument (ACEA
Biosciences, USA). Tumor cells (2x10%well) were
seeded into E-Plate View 96-well plates (ACEA
Biosciences, USA). After 24 hours, autologous ac-
tivated T-lymphocytes were added at an effector:
target ratio of 10:1 and incubated for 48 hours.
Tumor cell cultures without effectors served as
controls. Cell lysis was assessed by calculating
the Slope parameter associated with the rate of
change of cell index, reflecting the number of vi-
able adherent cells. The cell lysis coefficient (CL)
was calculated as follows:

Slopeconlrl - Slopeexp

(CL) = x 100 %

Slope

exp.
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Creation of Three-Dimensional Cellular Con-
structs (Spheroids)

Tumor spheroids were generated using low-ad-
hesion surface technology with 96-well Ultra-Low
Attachment Surface (Corning, USA). Patient-de-
rived tumor cells were inoculated into plate wells in
quantities of 1-2x10* in 200uL of complete medi-
um and cultivated for 3-8 days in a CO: incubator,
“Heracel” (Thermo Electron LTD GmbH, Germany)
at 37°C, 100 % humidity, and 5 % CO.. Activated
T-lymphocytes, pre-stained with CFSE (5uM), were
added at a ratio of 1 tumor cell: 20 lymphocytes
and incubated for 3—5 days. Cell interactions were
monitored in real time with the Cell-IQ system
(Chip Man Technologies, Finland). Spheroid cell
viability was assessed by flow cytometry using the
viability dye 7AAD.

Analysis of Immunosuppressive Factor Produc-
tion

Levels of immunosuppressive factors (ISFs) —
transforming growth factor Bl (TGFp1), interleu-
kins IL-6, IL-8, and IL-10 — were quantified in
tumor cell supernatants and patient serum using
multiplex analysis (BioPlex® 200, Bio-Rad, USA)
and Bio-Plex Manager™ v6.1 software. The NK-
G2D ligand MICA levels were determined with the
MICA Duoset ELISA Kit (R&D Systems, USA).

To model a suppressive tumor microenviron-
ment, MICA (100 pg/mL), TGFpB, (30 pg/mL), IL-6
(25 pg/mL), IL-8 (50 pg/mL), and IL-10 (50 pg/
mL) were added to the experimental cell system.

Statistical Analysis

Data analysis was performed using IBM SPSS
19.0 and Microsoft Excel 2010. Descriptive statis-
tics, correlation analysis, and nonparametric testing
(Spearman and Mann—Whitney criteria) were ap-
plied for analysis of differences between indepen-
dent groups [14].
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Results

Assessment of in vitro induced T-cell prolifer-
ation demonstrated that, in 90.9 % of patients (10
out of 11), activated T lymphocytes were generated
in response to stimulation by vaccine-derived DCs
prior to the start of DCV therapy. Furthermore, with
an increasing number of immunotherapy cycles, the
percentage of proliferating T cells continued to rise
(Table 2, online application). However, in patients
with an IE, after each cycle of DC vaccination, the
CD3*CFSE" lymphocyte population was quantita-
tively lower compared to patients with a SE (Fig. 1).

Modeling the interaction of activated T lympho-
cytes — generated via co-cultivation with mature
DCs corresponding to specific vaccination cycles —
with autologous malignant tumor cells reproduced
real clinical outcomes in 8 of 11 (72.7 %) cas-
es (Table 3, online application). Fig. 2 shows the
results of cellular model studies using biological
material from patients with cutaneous melanoma
who developed either SE or IE. In patient ISA
with SE, an increase in the number of prolifera-
tive CD3"CFSE" lymphocytes during DC therapy
was accompanied by enhanced cytotoxic properties,
resulting in complete suppression of the growth of
melanoma cell culture #1111, as measured by the
xCELLigence analyzer, with the Slope value drop-
ping to negative numbers (Fig. 2. Al, A2, A3). In
patient SHUR, who failed to achieve SE after 12
cycles of DC therapy, an increase in proliferating
CD3*CFSE* lymphocytes was also observed, but
no effective lysis of autologous target tumor cells
occurred. This was indicated by a comparison of
growth rates of melanoma cell culture #912 in the
presence and absence of lymphocytes (Fig. 2. b1,
b2, B3). Similar results were obtained for STS/OS
patients: those with IE exhibited markedly reduced
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Fig. 1. Generation of activated T-lymphocytes in response to stimulation by vaccine DCs in patients with SE and IE. @ — SE (Sufficient
Effect); @ — IE (Insufficient Effect). * Statistically significant differences (*p* = 0.038). ** Statistically significant differences (*p* = 0.050)
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Fig. 2. Individual autologous cellular models for evaluating the efficacy of immunological synapses during DCV therapy in cutaneous
melanoma (CM) patients. A: Patient ISA, 52 y.o., cutaneous melanoma, SE, 62 vaccination cycles. b: Patient SHUR, 29 y.o., cutaneous
melanoma, IE, 12 vaccination cycles. 1 — Dynamics of proliferating CD3"CFSE" lymphocyte counts during co-culturing with vaccine
DCs throughout DCV therapy. 2 — Proliferative activity of CM cells in a mixed culture with activated autologous T-lymphocytes.
3 — CM cell culture growth rate assessed via the Slope parameter using the xCELLigence cell analyzer.
A2, B2: @ — DMEM/F12, ® — Lymphocytes, @ — CM cell cultures #1111 and #912 (untreated control), @ — Co-culture
of CM cells and lymphocytes derived from PBMCs before vaccination, B — Co-culture of CM cells and lymphocytes derived

from PBMCs during vaccination
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Fig. 3. Individual autologous cellular models for evaluating immunological synapse efficacy during DCV therapy in STS/OS patients.
A: Patient DSA, 33 y.o., pleomorphic rhabdomyosarcoma (PRMS), SE, 23 vaccination cycles. b: Patient OMS, 21 y.o., osteogenic
sarcoma (OS), IE, 6 vaccination cycles. | — Dynamics of proliferating CD3*CFSE" lymphocyte counts during co-culture with vaccine
DCs throughout DCV therapy. 2 — Proliferative activity of STS/OS cells in mixed culture with activated autologous T-lymphocytes.
3 — STS/OS cell culture growth rate assessed via the Slope parameter using the xCELLigence cell analyzer.

A2, B2: — ® — DMEM/F12, @ — Lymphocytes, @ — Untreated control cultures (PRMS #1013 and OS #1030), ® — Co-culture
of STS/OS cells with lymphocytes derived from pre-vaccination PBMCs, B — Co-culture of STS/OS cells with lymphocytes derived
from PBMCs during vaccination
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reactivity of specifically activated T lymphocytes
generated in the presence of vaccine DCs, resulting
in continued tumor cell proliferation without cell
death (Fig. 3).

A correlation was found between the parameters
of the specific activity of T lymphocytes — gener-
ated from peripheral blood cells pre-treatment —
and the production of ISFs by cultured tumor cells
of the patients. A strong inverse correlation was
observed between the content of MICA secreted
by malignant cells and the CL (rho = —0.792,

s=kEHEER

5 CDICTEE = Tymplacyies.

DNEEMTFIZ - m

hymphocytes - m

p = 0.001). A moderate inverse correlation was

also found for TGFB, and CL (rho = -0.472,
p = 0.043).
The number of proliferating, activated

CD3*CFSE" lymphocytes correlated with the quan-
titative content of ISFs in the patients’ peripheral
blood at the “zero time point” prior to vaccination.
A moderate inverse correlation was observed be-
tween the relative content of CD3"CFSE" lympho-
cytes after stimulation with activated DCs and the
concentrations of IL-10 (rtho = —0.579, p = 0.019)
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Fig. 4. Autologous cellular model using biological material from patient BVN, 36 y.o., cutaneous melanoma, receiving adjuvant DC therapy
(20 cycles). 1 — Evaluation of proliferating CD3*CFSE" lymphocyte populations generated in response to stimulation by vaccine DCs during
therapy. Spontaneous T-lymphocyte proliferation was assessed as control; 2 — Dynamics of the cell index, reflecting proliferative activity of
tumor cells in mixed culture with activated autologous T-lymphocytes; 3 — Growth rate assessment of cutaneous melanoma cell culture #826
via the Slope parameter using the xCELLigence cell analyzer; 4 — Quantitative analysis of proliferating CD3*CFSE* lymphocytes (31.3 %) by
flow cytometry after 2 cycles of DC therapy; 5 — Quantitative analysis of proliferating CD3"CFSE" lymphocytes (10.7 %) by flow cytometry
after 2 cycles of DC therapy in the presence of IL-10; 6 — 9.4 % in the presence of MICA; 7 — 11.8 % in the presence of TGFf,
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Fig. 5. Modeling the effects of ISF on activated T-lymphocyte clone formation: mDC: Intact system with mature DC co-culture,
MICA: NKG2D receptor ligand, TGFb: With transforming growth factor B1, IL-10: Interleukin 10, IL-6: Interleukin 6, IL-8: Interleukin 8.
Vaccine DCs were derived from peripheral blood monocytes after 2-6 DCV cycles (n=13). * - Statistically significant differences (p<0.05)
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and TGFB, (rho = -0.512, p = 0.043) in pre-treat-
ment peripheral blood.

During T-cell activation, a statistically significant
increase was found in the proportion of terminally
differentiated effector memory T cells (TEMRA)
for both CD4" (p = 0.018) and CDS8" (p = 0.048)
subsets in SE patients prior to DC therapy versus
those with IE. In the modeling of cell interactions
after 2-6 cycles of DCV, SE patients showed a
significant rise in CD8" effector memory T cells
(CD8Tem) (p = 0.036) and in TEMRA CDS§*

lymphocytes producing granzyme B (TEMRA Gr-
B*CDg) (p = 0.025).

A more detailed study of cellular models that
did not mirror the real clinical situation demonstrat-
ed the critical role of immunosuppressive tumor mi-
croenvironment components — such as ISFs — in
modulating the function of activated immune cells,
and highlighted the necessity for careful selection of
prognostic cellular model components. Fig. 4 pres-
ents analysis results from a cellular model derived
from patient BVN, 36 years old, with cutaneous

Spheroide K 10th _7AAD-Unit ¢

Spheroide+CTL 10th_ dot 20-L

e 1,000

88C-A

a 5
“ b percha

Fig. 6. Interaction between activated T-lymphocytes and tumor cells in 3D cellular models: 1 — Melanoma cell spheroids (#1111 from
patient 1.) after 24-hour incubation with activated CFSE*CD3* lymphocytes. T-lymphocytes localize in the cortical zone of spheroids.
Confocal microscopy, scale bar: 500 um; 2 — Intact melanoma spheroid (#1111), phase contrast (Cell-1Q), scale bar: 32.51 um; 3 — Co-
culture of CFSE'CD3" lymphocytes with spheroid #1111, day 1. Combined phase-contrast and fluorescence imaging (Cell-IQ), scale bar:
32.51 pum; 4 — Spheroid #1111 destruction by activated T-lymphocytes on day 8. Combined phase-contrast and fluorescence imaging
(Cell-IQ), scale bar: 32.51 pum; 5 — Viability assessment of intact spheroid #1111 by flow cytometry: 97.4 % viable cells; 6 — Viability
assessment of spheroid #1111 after incubation with activated T-lymphocytes (20 DCV cycles) by flow cytometry: 8.9 % viable cells
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melanoma, who received 20 cycles of DCV with
SE. Assessment of the proliferating CD3*CFSE*
lymphocyte population generated in response to DC
stimulation showed positive dynamics during ther-
apy (Fig. 4-1). However, in this model, there was
no difference in the growth rate between intact mel-
anoma cell culture #826 and culture co-cultivated
with specifically activated T lymphocytes (derived
from peripheral blood mononuclear cells obtained
before vaccination and after the 6th DCV cycle)
(Fig. 4-2, -3). It was revealed that adding ISFs
to the experimental co-culture system of autolo-
gous activated DCs and lymphocytes reduced the
CD3*CFSE* lymphocyte population nearly three-
fold (Fig. 44, -5, -6, —7). The relative content
of CD3*CFSE" lymphocytes after 2 DCV cycles
was 31.3 % (by flow cytometry). Addition of IL-10
to the co-culture medium reduced this to 10.7 %,
MICA to 9.4 %, and TGFB, to 11.8 %. Enzyme
immunoassay of ISF concentrations in the super-
natant from melanoma culture #826 (at passage
106), showed high levels of MICA (5,237.8 pg/
mL), TGFB, (18.9 ng/mL), IL-10 (176.0 pg/mL),
and VEGF (1,022.5 pg/mL) compared to control
fibroblast culture FLECH. After this model was
characterized, immunosuppressive conditions were
replicated in experiments with cells from other pa-
tients, yielding similar results (Fig. 5). Statistically
significant differences were found in the proportion
of proliferating T lymphocytes forming clones after
multiple DCV cycles, both with and without ex-
posure to ISFs (MICA, TGFp,, IL-6, IL-8, IL-10)
(p < 0.05).

The effectiveness of tumor cell lysis by activated
T lymphocytes was studied in autologous 3D mod-
els using cultures of melanoma and various types
of sarcomas. After the formation of tumor spher-
oids, autologous activated CD3*CFSE* lymphocytes
were added to experimental systems for real-time
monitoring of cell interactions; tumor cell viability
and lymphocyte tumor infiltration were assessed
with flow cytometry. After one day of co-culture,
CD3* lymphocytes localized to the cortical zone of
spheroids (Fig. 6-1); by day 3, they accounted for
26-30 % of all cells. In the presence of T lympho-
cytes, spheroid structure was disrupted, with com-
pact, sharply contoured formations in intact systems
and at early co-culture stages being lost (Fig. 62,
3). By day 8, complete spheroid destruction was
observed, and the proportion of dead cells exceeded
90 % (Fig. 64, 5, 6).

Discussion

The antitumor efficacy observed with immune
checkpoint inhibitors and CAR-T cell therapies has
convincingly demonstrated the potential of the im-
mune system to control malignancies. However, it
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has become clear that the effectiveness of these
treatment modalities for malignant tumors is subject
to notable limitations [15]. For instance, the success
of immune checkpoint inhibitors is often contingent
upon significant infiltration of cytotoxic T lym-
phocytes within the tumor microenvironment — a
parameter lacking in a substantial proportion of
patients [16]. In contrast, therapeutic anticancer
cellular vaccines represent an active immunization
strategy aimed at stimulating adaptive immune re-
sponses against tumor antigens, ultimately gener-
ating tumor-specific functional immune effectors,
including cytotoxic T lymphocytes. The rationale
for utilizing DC-based vaccines loaded with tumor
antigens is robustly grounded in their capacity to
potentiate natural immune processes [17].

In vitro modeling and the study of cellular in-
teractions induced by such vaccines have proven
to be valuable tools for monitoring treatment and
predicting clinical outcomes. In this article, we re-
ported on the creation and analysis of autologous
cellular models that replicate in vitro the function-
al activity of specifically activated T lymphocytes
generated through co-culture with vaccine-induced
DCs loaded with lysates from nine melanoma cell
cultures, highly expressing cancer-testis antigens
(IRTAN-2018). Previous studies revealed that inter-
action with such DCs can generate T lymphocytes
capable of destroying not only melanoma cells but
also other tumor types, with the efficiency of cell
lysis correlating with the transcriptional activity of
cancer-testis genes in target cells. [18].

We focused on establishing autologous cellu-
lar models that recapitulate in vitro the interaction
between vaccine DCs and naive T lymphocytes,
leading to their specific activation, clonal expan-
sion, and the lysis of patient tumor cells. In the
in vitro system, almost all patients, regardless of
DCV effectiveness, exhibited generation of acti-
vated T lymphocytes, and the magnitude of these
populations correlated with therapeutic efficacy.
We obtained mature DCs from monocytes isolated
from patients’ peripheral blood at various treatment
stages, and observed that lymphocyte cytotoxicity
increased with the number of DCV cycles. At the
same time, the immunosuppressive tumor microen-
vironment — potentially shaped by the secretory
activity of malignant cells capable of generating
factors that block antitumor immune responses and/
or polarize tumor-associated immune cells — was
found to impact the intensity of activated CD3" cell
generation and the killing capacity against tumor
target cells in experimental systems.

It is important to note that the early stages of
antitumor cellular immunotherapy highlighted the
ability of DCVs to elicit antitumor immune respons-
es; however, clinical trial results have often been
limited by the effects of the immunosuppressive
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tumor microenvironment [19]. We demonstrated
that, within cellular models, the NKG2D receptor
ligand MICA, the factor TGFpB,, and interleukins
IL-6, IL-8, IL-10 led to approximately a threefold
reduction in the pool of CD3*CFSE" lymphocytes.
Furthermore, the functional characteristics of vac-
cine-derived DCs generated from CD14™ monocytes
obtained from the peripheral blood of patients be-
fore treatment were associated with specific con-
centrations of IL-10 and TGFp, in circulation.

The functional activity of in vitro activated
T lymphocytes differed significantly between pa-
tients with sufficient and insufficient DCV effects
throughout therapy. This variance was also reflect-
ed in increased proportions of TEMRA GrB*CDS§*
cells and CD8Tem in the experimental system
upon achievement of SE. It is well established that
priming naive CD8" T cells triggers clonal expan-
sion and acquisition of tissue homing, effector func-
tion, and cytolytic activity. After the contraction
of the effector T cell response, memory T cells
continue to recirculate and may become tissue-res-
ident throughout the body [20]. It is plausible that
expansion of the Tem pool may be associated with
SE of the treatment.

Three-dimensional models such as spheroids
more accurately reflect the immunomodulatory,
proliferative, and activation interactions character-
istic of malignancies compared to two-dimension-
al cultures [21]. We conducted a series of exper-
iments using spheroids derived from melanoma
and various sarcoma cell types. Notably, in the
three-dimensional system, activated T lympho-
cytes initially concentrate at the periphery of tu-
mor spheroids, subsequently infiltrate the cortical
zone, and ultimately distribute diffusely throughout
the spheroid — regardless of spheroid histological
type. Under the influence of lymphocytes, spher-
oids lose structural integrity and fragment into el-
ements composed of over 90 % dead cells positive
for 7-AAD dye. Comparable findings have been
reported by other investigators using established
tumor cell lines, including colorectal cancer [22].
Moreover, antibodies directed against specific NK-
G2D ligands MICA and MICB have been shown
to enhance immune-mediated spheroid destruction
by promoting increased infiltration and activation of
NK cells within this system. In our experiments, the
presence of MICA molecules markedly inhibited T
lymphocyte activation, and the degree of spheroid
destruction correlated with patient response to DCV
therapy.

Conclusion

Experimental data demonstrate the cytotoxic ca-
pacity of antigen-specific T lymphocytes generated
via induction with mature DCs against autologous
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tumor cells. The cytotoxic properties of activated
lymphocytes differ among patients and reflect the
clinical course of the disease and therapeutic re-
sponse, thereby supporting the use of cellular mod-
eling in both 2D and 3D formats as a valuable
in vitro method for predicting and monitoring the
efficacy of cell-based therapy.
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