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Abstract. Cancer is associated with a reduction in immature
and mature circulating dendritic cells (DCs), and with an
impaired migratory capacity, compared with healthy donors.
Therefore, modern approaches to the in vitro generation of DCs
loaded with tumor antigens and their use for inducing anti-
tumor immune responses in vivo are being investigated. The
purpose of the present study was to investigate the phenotypic
and functional characteristics of peripheral blood DC subsets
in patients with non-small cell lung cancer (NSCLC), and the
development of an antitumor cytotoxic response by mono-
nuclear cells (MNCs) from patients using in vitro generated
antigen-primed DCs. Heparinized peripheral venous blood
samples were obtained from 10 healthy donors and 20 patients
with a histologically verified diagnosis of NSCLC. The ability
of antigen-activated DCs to stimulate the activity of MNCs
against autologous tumor cells was evaluated using a cytotoxic
test. Peripheral blood DC subsets from patients with NSCLC
were identified to be decreased and to exhibit an impaired
ability to mature, compared with healthy donors. Furthermore,
DCs generated from MNCs from patients with NSCLC were
able to stimulate a specific cytotoxic response when loaded
with autologous tumor lysates or RNA and matured, in vitro.
A perforin and granzyme B-dependent mode of cytotoxicity
was primarily induced. The ability of DCs loaded with tumor
antigens to increase the cytotoxic activity of MNCs against
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NSCLC cells in vitro indicates the effective induction and
co-stimulation of T lymphocytes by the generated DCs.

Introduction

Antigen-presenting cells (APCs), in particular dendritic
cells (DCs), regulate immune responses and serve key func-
tions in the induction of antitumor activity (1). DCs exhibit
immunomodulatory functions using major histocompatibility
complex (MHC) class I and II molecules, co-stimulatory
molecules [cluster of differentiation (CD)80, CD86 and CD40]
and molecules required for migration and for the capture
and processing of antigens (2). Primed CD4+ and CD8+
T-lymphocytes secrete cytokines, including interferon gamma
(IFN-y) and tumor necrosis factor o (TNF-a), which promote
the proliferation of cytotoxic lymphocytes, the destruction of
tumor tissue and the control and elimination of tumor cells (3).
DCs present antigens, in complex with MHC class I and II
molecules, to T and B cells, and demonstrate a high capacity
to present tumor-associated antigens in vitro and in vivo (4).
However, the functional activity of DCs in patients with cancer
is significantly decreased (5). Antigen-specific activation of
dendritic cells with the formation of an antitumor cytotoxic
immune response is considered a promising potential method
of combating cancer (6). The purpose of the present study
was to assess the phenotypic and functional characteristics of
peripheral blood DC subsets in patients with non-small cell
lung cancer (NSCLC) and the development of an antitumor
cytotoxic response by mononuclear cells (MNCs) derived
from patients using in vitro-generated antigen-primed DCs. It
was hypothesized that cancer is associated with a decreased
proportion of immature and mature DCs in the peripheral
blood, and with an impaired migratory capacity, as compared
with healthy donors. Tumor-derived molecules may affect the
maturation of DCs, preventing them from becoming func-
tionally active (7). DCs are crucial for generating antitumor
immunity; thus, a large number of studies have aimed to
generate methods for loading DCs with tumor antigens for use
in vivo (6,8). These approaches aim to mobilize the patient's
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immune system and circumvent any tumor-derived inhibition
of DC maturation.

Materials and methods

Patients and specimens. In the present study, heparinized
peripheral venous blood samples were obtained from 10 healthy
donors, 20 patients with histologically verified non-small cell
lung cancer (NSCLC) at stages ITA, IIB and IIIA, and tumor
biopsy material obtained during surgery (17 males, 3 females;
mean age,60.7+1.5 years). Clinical material was obtained periop-
erativelyin the Regional Clinical Oncology Center (Novosibirsk,
Russia) and City Clinical Hospital No. 1 (Novosibirsk, Russia)
from August 2013 to September 2014. The inclusion criterion
was the lack of chemotherapy and/or radiotherapy prior to
surgery. The exclusion criteria were as follows: Pregnancy;
receiving immunocorrective drugs for concomitant pathology;
rapid progression of the underlying disease, such that the use
of immunotherapy is deontologically unjustified; individual
intolerance to the components of the vaccine and/or the develop-
ment of severe side effects in response to any of the components;
refusal of the patient to participate in the study either orally or in
writing; and patient involvement in any other clinical study. All
patients provided written informed consent for the study and all
protocols were approved by the Local Ethics Committee at the
Research Institute of Fundamental and Clinical Immunology
(Novosibirsk, Russia).

Phenotypic and functional characterization of peripheral
blood DC subtypes of patients with NSCLC. The relative
proportion of myeloid and plasmacytoid DCs, and their pheno-
type, were evaluated in the whole peripheral blood of
patients with NSCLC and healthy donors. Flow cytometry
of labeled monoclonal antibodies was performed on a BD
FACSVerse device (BD Biosciences, Franklin Lakes, NJ,
USA). Data analysis was performed using the BD FACSDiva
Software v.6.1.3 (BD Biosciences, Franklin Lakes, NJ, USA).
Peripheral blood dendritic cell subtypes were characterized
by the following phenotype: Myeloid dendritic cells (mDC)
[cluster of differentiation (CD)3-, CD14-, CD19-, CD45",
Human Leukocyte Antigen-Antigen D-Related (HLA-DR)*,
BDCAT1* and BDCA2] and plasmacytoid dendritic cells (pDC;
CD3°CD14- CD19°CD45* HLA-DR* BDCA1 BDCA2*). For
cytometric analysis, the following antibodies were used:
CD3-fluorescein isothiocyanate (FITC; Sorbent, Moscow,
Russia), CD19-FITC (Sorbent), HLA-DR-phycoerythrin (PE)
(Sorbent); CD14-FITC (BD Biosciences), CD45-V450 (BD
Biosciences); BDCA1-APC (BioVision, Inc., Milpitas, CA,
USA), BDCA2-PerCP-C5.5 (BioVision, Inc.).

To evaluate the maturation ability and migration potential,
DCs of the two subsets (myeloid and plasmacytoid DCs)
were analyzed using marker expression of CD83, CD86, C-C
chemokine receptor 7 (CCR7; BD Biosciences) prior to and
following stimulation of maturation by agonists of specific
toll-like receptors (TLR) R848 (20 ng/ml; Resiquimod;
BioVision, Inc.) lipopolysaccharide (LPS; 25 ng/ml) [E. coli
0114:B4 (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany)].

Preparation of autologous tumor cells and tumor antigens.
Tumor cells were isolated from surgical biopsy samples using
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mechanical homogenization (Potter homogenizer) and a metal
filter to separate the large detritus. The cells were washed
three times with serum-free RPMI-1640 medium (Biolot,
St. Petersburg, Russia) containing 160 yg/ml gentamicin
(Samson-Med, St. Petersburg, Russia), 200 pgg/ml ampicillin
and 5 ug/ml amphotericin B. The resulting cells were divided
into three equal aliquots containing 300,000-1,000,000 cells,
depending on the volume of the tumor. The first aliquot was
cultured in complete RPMI-1640 medium containing 10%
fetal calf serum (FCS; PAA Laboratories, Pasching, Austria),
2 mM L-glutamine (Vector, Novosibirsk, Russia), 10 mM
HEPES buffer (Sigma-Aldrich; Merck KGaA), 5x10* M
2-mercaptoethanol (Sigma-Aldrich; Merck KGaA), 80 ug/ml
gentamicin (Samson) and 100 xg/ml ampicillin (Sintez) at
37°C in an atmosphere containing 5% CO, for 10 days. A total
of half the supernatant was replaced following 3 and 7 days at
37°C with 5% CO,. The second aliquot was used to prepare
a mixture of tumor antigens produced by three freeze-thaw
cycles, followed by filtration through a 0.45-pm filter (EMD
Millipore, Billerica, MA, USA). The third aliquot of tumor
cells was used to prepare total RNA by centrifuging at 300xg
for 7 min. The supernatant was removed and 1 ml TRIzol
reagent (Invitrogen; Thermo Fisher Scientific, Inc., Waltham,
MA, USA) was added and incubated at room temperature for
5 min to disrupt the nucleoprotein complex. Subsequently,
200 pl chloroform (Himreactiv, Nizhny Novgorod, Russia)
was added and incubated for 3 min at room temperature,
followed by centrifugation at 10,000 x g at 4°C for 15 min.
Subsequently, 500 u1 from the upper phase was transferred to a
new tube and 500 pl isopropanol (ZAO Himreactiv) was added
and incubated for 10 min at room temperature. The resulting
mixture was centrifuged at 10,000 x g at 4°C for 10 min. The
pellet was resuspended in 1 ml ethanol (70%) and centrifuged
at 10,000 x g for 5 min at room temperature. The superna-
tant was discarded and the tube was left with the lid open
for between 15 and 20 min to enable the sample to dry. The
precipitate was resuspended in between 20 and 100 pl double
distilled water. The total protein lysate end RNA concentra-
tion was determined using a NanoDrop device (Thermo Fisher
Scientific, Inc.) with an absorbance ratio of 260/280 nm.

Isolation of mononuclear cells from the peripheral blood
of patients with NSCLC and preparation of an adherent
fraction of mononuclear cells (MNCs). MNCs were isolated
by centrifugation of the whole blood in the Ficoll-Urografin
density gradient (p=1.077 g/l). For this purpose, 6 ml whole
blood was layered onto 3 ml Ficoll-Urografin and centrifuged
at 300 x g for 30 min at room temperature. Cells forming an
interphase ring were selected, washed twice in RPMI-1640
medium (Vector) and resuspended in 5 ml complete
RPMI-1640 medium containing 10% FCS (PAA), 2 mM
L-glutamine (Vector), 10 mM HEPES buffer (Sigma-Aldrich;
Merck KGaA), 5x10* M 2mercaptoethanol (Sigma-Aldrich;
Merck KGaA), 80 yg/ml gentamicin (Samson) and 100 zg/ml
ampicillin (Sintez), transferred to a Petri dish (90 mm; Nalge
Nunc International, Penfield, NY, USA), and incubated
at 37°C in an atmosphere containing 5% CO, for 2 h. The
medium with non-adherent MNCs was removed and cells
were pelleted by centrifugation at 300 x g for 10 min at room
temperature and stored until use at 37°C in an atmosphere
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containing 5% CO,. The surfaces of Petri dishes were rinsed
twice with water and cells were selected using a cell scraper
(BD Biosciences).

Generation of mature antigen-primed DCs. To produce imma-
ture DCs, isolated cells of the adherent MNC fraction were
cultured (1x10° cells/ml) in complete medium supplemented
with recombinant human (rh) granulocyte-macrophage
colony-stimulating factor (GM-CSF; 50 ng/ml) and rh inter-
leukin (IL-) 4 (100 ng/ml; PeproTech, Inc., Rocky Hill, NJ,
USA) in 48-well plates (Linbro, San Rafael, CA, USA) for
72 h. DC populations were identified by evaluating the expres-
sion of CD14, HLA-DR, and CD86 markers at the stage of
immature and mature DCs and the ability of dendritic cells
for phagocytosis of FITC-dextran. After 72 h of culturing, the
immature DC culture was divided into three parts. Antigens
in the form of a tumor cell lysate (with protein concentration
of 100 ug/ml, for 18 h) were added to the first part. In the
second part, immature DCs were transfected with tumor cell
RNA using Promokine reagents. DCs from the third part
were not exposed to any antigens and were used as control
group [DCs(0) without any antigens]. After 24 h, immature
DCs were added with 25 ng/ml of rh tumor-necrosis factor
(TNF)-o and 10 ng/ml of rhIL1-f for 24 h to produce mature
DCs. To generate DCs transfected with tumor cell RNA, we
performed magnetic transfection using Promokine reagents
(PromoCell GmbH, Heidelberg, Germany), according to the
manufacturer's protocol. RNA was dissolved in Dulbecco's
Modified Eagle's Medium (DMEM; Vector), added with a
MATra-A reagent at the ratio of 0.3 ug RNA/0.3 ul reagent,
and incubated at room temperature for 20 min. During incuba-
tion, the medium in wells with dendritic cells was changed:
RPMI-1640 medium was removed, and 250 u1 DMEM was
added. Subsequently, the RNA-MATra-A complex was added
to cells in wells in the amount of 25 ul/well, and a plate was
placed on a magnetic board for 15 min. The medium in wells
was replaced following transfection: DMEM was removed
and 300 x1 RPMI-1640 medium supplemented with 10% FCS
(PAA), 2 mM L-glutamine (Vector), 10 mM HEPES (Sigma,
USA), 5x10* M 2-mercaptoethanol (Sigma-Aldrich; Merck
KGaA), 80 pg/ml gentamicin and 100 pg/ml ampicillin was
added. Transfected cells were incubated at 37°C in an atmo-
sphere containing 5% CO, for 24 h, prior to the addition of
maturation factors (25 ng/mIrhTNF-a and 10 ng/ml rhIL1-f).

Analysis of phenotypic and functional indicators of generated
DCs. The phenotypic characteristics of DCs were studied
using fluorochrome labeled monoclonal antibodies analyzed
on a FACSAria flow cytometer (BD Biosciences). Cells were
incubated with antibodies at 37°C for 1 h, washed in PBS,
and fixed in a 1% formalin solution. The following primary
antibodies were used to evaluate the phenotypic and functional
characteristics: CD3-FITC (Sorbent), CD19-FITC (Sorbent),
HLA-DR-phycoerythrin (PE; Sorbent); CD14-FITC (cat.
no. 555937; BD Biosciences), CD45-V450 (cat. no. 560367,
BD Biosciences); CD83-APC (cat.no.551073; BD Biosciences),
CD86-PerCp-Cy5.5 (cat. no. 561129; BD Biosciences),
C-C chemokine receptor 7-PE (CCRT7; cat. no. 552176; BD
Biosciences). All antibodies were used according to the
manufacturer's protocol.
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To evaluate the capability of produced DCs for antigen
capturing, the receptor-mediated endocytosis efficiency
was determined using FITC-dextran (Sigma-Aldrich;
Merck KGaA). For this purpose, cells were incubated with
FITC-dextran (1 ug/ml) in complete medium containing 10%
FCS (PAA), 2 mM L-glutamine (Vector), 10 mM HEPES
buffer (Sigma-Aldrich; Merck KGaA), 5x10* M 2-mercapto-
ethanol (Sigma-Aldrich; Merck KGaA), 80 pg/ml gentamicin
(Samson) and 100 pg/ml ampicillin (Sintez) at 4 and 37°C for
30 min each. At 4°C, dextran binds to surface receptors, and
at 37°C the bound dextran enters the cell (direct endocytosis).
The analysis was performed on a FACSAria flow cytometer
(BD Biosciences), on the basis of the fluorescence intensity
in a FITC channel. The results are presented as the differ-
ence in the fluorescence intensity of cells capturing dextran
at 4 and 37°C, described in the following equation: AMean
fluorescence intensity (MFI)=[MFI (37°C)-MFI (4°C)].

Co-culturing of antigen-primed DCs and MNCs of the
non-adherent fraction from peripheral blood of patients with
NSCLC. Produced antigen-primed DCs were co-cultured
with MNCs of the non-adherent fraction in complete
RPMI 1640 medium (ratio of DC: MNC, 1:10) for 5 days.
Non-adherent MNCs cultured in the presence of DCs (0), not
exposed to tumor antigens, [MNC+DC (0) group] were used
as a control.

Analysis of the impact of antigen-primed DCs on the cytotoxic
activity of MNCs against autologous NSCLC cells. Following
the co-culture of MNCs of the non-adherent fraction and DCs
primed with tumor antigens for 5 days, the cell suspension
was centrifugedat 300 x g for 10 min at room temperature.
Subsequently, the resulting cells and autologous tumor cells
were co-cultured at a ratio of 10:1 ratio, respectively, in
96-well round bottom plates (TPP Techno Plastic Products
AG, Trasadingen, Switzerland), 100 ul culture/well, with the
cell concentration of 1x10° cells/ml for 18 h. The analysis was
conducted using a CytoTox 96 Non-Radioactive Cytotoxicity
Assay (Promega Corporation, Madison, WI, USA), according
to the manufacturer's protocol. The cytotoxic effect was calcu-
lated using the formula proposed by the assay manufacturer
and presented as the cytotoxicity percentage.

Investigation of the effector potential of MNCs induced by
antigen-primed DCs. Following the co-culture of MNCs of the
non-adherent fraction and antigen-primed DCs, and culture of
control cells, for 5 days, the cell suspension was washed by
centrifugation with PBS at300 x g for 10 min at room tempera-
ture. Subsequently, the level of MNCs expressing surface
markers, including CD178, CD107a, CD253and the intracel-
lular protein perforin or granzyme B, was determined in the
total lymphocyte population and in CD8* lymphocytes using
flow cytometry with a BD FACS Verse device (BD Biosciences).
Data analysis was performed using BD FACSDiva Software
v.6.1.3 (BD Biosciences). The following antibodies were
used according to the manufacturer's protocol: CD178-PE
(cat. no. 564261; BD Biosciences), CD107a-FITC (cat.
no. 555800; BD Biosciences), CD253-PE (cat. no. 550516; BD
Biosciences), perforin-FITC (cat. no. 556577; BD Biosciences)
and granzyme B-PE (cat. no. 561142; BD Biosciences).
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Figure 1. Relative proportion of myeloid and plasmocytoid dendritic cells expressing BDCA1 and BDCA?2 markers among lin/CD45* cells. Data are presented
as the median and interquartile range. "P<0.05 vs. corresponding groups of healthy donors. NSCLC, non-small cell lung cancer; CD, cluster of differentiation;

BDCA, blood dendritic cell antigen.

Statistical analysis. Statistical analysis of the data was
performed using Statistica 6.0 software (StatSoft Ltd.,
Bedford, UK) and GraphPad Prism v.6.01 (GraphPad
Software, Inc., La Jolla, CA, USA). Data were presented
as a median and a quartile range of values (25 and 75%). A
non-parametric Wilcoxon test was used to identify signifi-
cant differences when comparing two groups. In the analysis
of more than two groups, the statistical significance of differ-
ences was determined using Kruskal-Wallis ANOVA and
multiple comparisons test. To perform the post hoc analysis,
Tukey's test was used in GraphPad Prism software. P<0.05
was considered to indicate a statistically significant differ-
ence. In figure captions, the number of individuals in a group
is denoted as n.

Results

Patients with NSCLC exhibit decreased levels of mDCs and
pDCs. The present study revealed differences in the relative
number of DC subtypes between groups of healthy donors and
patients with NSCLC. In patients with tumors, significantly
(P<0.05) decreased levels of mDCs and pDCs were observed,
compared with healthy donors, indicating a depletion in the
circulating DCs in NSCLC (Fig. 1). However, there were no
statistically significant differences determined in the ratio of
peripheral blood mDC and pDC subtypes between healthy
donors and patients with NSCLC.

CD86 expression is decreased in patients with NSCLC.
Decreased function of DCs in malignant diseases results from
insufficient DC maturation. This is associated with phenotypic
differences in the expression of membrane-bound markers
and differences in their ability to capture an antigen, process
it, and migrate to lymphoid organs for antigen presentation.
While DCs are maturing, the expression of co-stimulatory
molecules on their surface increases (8). Expression of CD86
begins early during maturation, whereas CD83 expression is
typical of more mature DCs (9). To analyze the ability of DCs
from patients with NSCLC to mature, TLR 4,7, and 8 agonists,
R848 and LPS were used as they are capable of inducing matu-
ration in mDCs and pDCs. The results of the present study
revealed that, prior to stimulation, the expression of CD86 on

mDCs and pDCs in patients with NSCLC was significantly
decreased, compared with that in healthy donors. A significant
increase in the number of mDCs and pDCs expressing CD86
in response to stimulation with LPS and R848 was observed
in healthy controls and tumor patients. Additionally, the pDC
population from patients with NSCLC expressed significantly
decreased CD86 following stimulation, compared with that in
healthy donors (Fig. 2).

Proportion of CD83*mDCs from patients with NSCLS is
decreased. The expression of CD83 in the myeloid and
plasmocytoid DC subsets in healthy donors and patients with
NSCLC was not determined in unstimulated samples. However,
a significant increase in the number of CD83-expressing cells
was observed in all groups following stimulation. The number
of CD83*mDCs from patients with NSCLC following TLR
stimulation was significantly decreased compared with mDCs
from healthy donors (Fig. 3).

The functional characteristics of tumor-derived DCs
were additionally evaluated. The chemokine receptor, CCR7,
was used as an indicator of migration ability. The number of
CCR7-expressing cells from patients with NSCLC prior to
and following stimulation was lower than the flow cytom-
eter detection limit; whereas, a significant increase in the
number of CCR7-expressing cells in response to stimulation
with R848 and LPS occurred in healthy donors (data not
presented).

DCs generated from patients with NSCLC are capable of
endocytosis during early maturation stages. A potential
approach to the immunotherapy of patients with NSCLC is
the development of vaccines with in vitro induction of efficient
antigen-presenting DCs. In the present study, the possibility of
generating mature, functionally active DCs, from peripheral
blood MNC:s isolated from patients with NSCLC, was investi-
gated. To prepare immature DCs, cells from the adherent MNC
fraction were cultured in complete media supplemented with
rhGM-CSF and rhIL-4 for 4 days. To generate mature DCs,
the immature DCs were added with rhTNF-a and rhIL-1-f3
and cultured for 24 h. A statistically significant increase in
CD86* DCs was identified in DCs generated from patients
with NSCLC and stimulated using TNF-a (Fig. 4A).
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Figure 3. Relative amount of myeloid and plasmocytoid dendritic cells expressing the CD83 marker among lin/CD45*/BDCA"* cells. Healthy donors, n=10;
patients with NSCLC, n=10. The data are presented as the median and interquartile range. "P<0.05 vs. corresponding groups of healthy donors; “P<0.05 vs.
corresponding group of stimulated cultures. CD, cluster of differentiation; NSCLC, non-small cell lung cancer; BDCA, blood dendritic cell antigen; Lin, lineage
antigen, including CD3, CD14, CD19, CD20, CD16, CD56; CD, cluster of differentiation; R848, Resiquimod; LPS, lipopolysaccharide serotype 0114:B4.

To determine the capability of in vitro-derived DCs
for antigen capturing, receptor-mediated endocytosis of
dextran was evaluated at 4 and 37°C. A decreased endocytic
ability was identified in mature DCs, compared with imma-
ture DCs, which indicated acquisition of the functional
characteristics typical of the mature state of generated DCs
(Fig. 4B). Therefore, it was demonstrated that DCs gener-
ated from the peripheral blood of patients with NSCLC
are capable of endocytosis during early maturation stages,
while during later maturation stages, DCs lose the ability to
capture antigen.

Generated DCs increase the cytotoxic activity of MNCs
against autologous NSCLC cells. To assess the ability of

in vitro-derived DCs to induce a specific antitumor immune
response, a cytotoxic antitumor response was stimulated in
the MNC culture in vitro. Immature DCs generated from
patients with NSCLC were primed with a lysate of tumor cells
or transfected with RNA from tumor cells. To determine the
cytotoxic activity of MNCs against autologous tumor cells,
antigen-primed mature DCs were co-cultured with periph-
eral blood MNCs of the non-adherent fraction from NSCLC
patients for 5 days. Generated DCs primed with a tumor cell
lysate and DCs transfected with tumor cell RNA were demon-
strated to increase the cytotoxic activity of MNCs against
autologous NSCLC cells by 4.3 and 4.7 times, respectively,
compared with the control group where DCs were not primed
with tumor antigens (Fig. 5).
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Figure 5. Effect of antigen-primed DCs on the cytotoxic activity of MNCs
against autologous NSCLC cells in vitro, n=14. The error bars show a
minimum and maximum of values, boxing is a quartile, and the inner line is
a median. "P<0.05 vs. group MNC+DC(0) determined using Kruskal-Wallis
ANOVA and multiple comparisons test. NSCLC, non-small cell lung cancer;
DC, dendritic cells; MNC, mononuclear cells of the non-adherent fraction;
MNC+DC(0), MNCs cultured with non-primed DCs; MNC+DC (lysate),
MNCs cultured with lysate-treated DCs; MNC+DC(RNA), MNCs cultured
with tumor RNA-treated DCs.

Lysate-primed DCs and RNA-transfected DCs increase
the relative level of perforin-bearing cells. To validate the
mechanism of the cytotoxicity induced during the co-culture
of MNCs and DCs, the number of CD178*, CD107a*, CD253",
perforin®, and granzyme B* cells in the total lymphocyte
population and CD8* cells were determined on the fifth day
of incubation. There were no statistically significant changes
in the expression of CD178, CD107a, and CD253, which are
markers of the Fas ligand and TNF-related apoptosis inducing
ligand (TRAIL)-dependent cytotoxic pathways and direct
cytolysis of target cells (data not presented). Effector cells
are capable of producing lytic granules containing perforin
and granzymes. The accumulation of perforin in the total
lymphocyte population and CD8* cells following co-culture
demonstrated that lysate-primed DCs and RNA-transfected
DCs increase the relative level of perforin-bearing cells in the

lymphocyte population by 1.6 and 2 times, respectively, and in
CDS cells by 2 times compared with the control group (Fig. 6).

Co-culturing MNCs with antigen-primed DCs increases the
relative level of granzyme B positive cells. The accumulation
of granzyme B in lytic granules was investigated. Co-culturing
MNCs with antigen-primed DCs led to an increase in the rela-
tive level of granzyme B positive cells in the total lymphocyte
population and in CD8"* cytotoxic T lymphocytes (Fig. 7).
Similar results were observed when analysis of the relative
level of double perforin and granzyme B positive cells after
co-culturing of MNCs and DCs was performed (data not
presented).

The results of the present study demonstrated that patients
with NSCLC exhibited a decrease in mDCs and pDCs,compared
with healthy donors. Additionally, DCs from patients with
NSCLC exhibited impaired function, resulting in poor induction
of an antitumor immune response. However, stimulation with
agonists of TLR 4, 7, and 8 (R848 and LPS) resulted in partial
recovery of the ability of DCs to reach a mature state. The use
of antigen-primed DCs, which were generated from peripheral
blood MNC:s of patients with NSCLC for 5 days, to produce an
antitumor cytotoxic response in vitro led to activation of effector
cells, which resulted in an increased cytotoxic activity of MNCs
and increased perforin* and granzyme B* lymphocytes and
CDS8* cells. Despite patients with NSCLC exhibiting decreased
mDCs and pDCs, compared with healthy donors, and impaired
functional capabilities of DCs, it was possible to generate
mature, functionally and phenotypically normal DCs, in vitro,
capable of inducing a cytotoxic immune response upon culture
with autologous MNCs.

Discussion

A number of oncological diseases, including NSCLC, are
associated with a decrease in the absolute and relative number
of immature and mature peripheral blood circulating DCs,
compared with healthy donors (10-12). Additionally, there
are various impairments to the ability of DCs to migrate and



ONCOLOGY LETTERS 15: 1297-1306, 2018

A F

I
1

"
h

perforin® lymphocytes, %

T

T T
MNC MNC+DC(0)

T T
MNC+DC(lysale)  MNC+DC{RNA)

1303

perforin /CDS ! vmphocvies, %

{.-Hl

]\ﬂ\C“'DL (0}

I\INC'*DC(I\‘MC l\l'NC*'DCYRN A)

Figure 6. Effect of antigen-primed DCs on the relative amount of (A) perforin* lymphocytes; and (B) perforin*/CD8* lymphocytes in the co-culture of MNCs
from patients with NSCLC, n=16. The error bars show a minimum and maximum of values, boxing is a quartile, and the inner line is a median. "P<0.05 vs. the
group MNC determined using Kruskal-Wallis ANOVA and multiple comparisons test. NSCLC, non-small cell lung cancer; DC, dendritic cells; CD, cluster of
differentiation; MNC, mononuclear cells of the non-adherent fraction; MNC+DC(0), MNCs cultured with non-primed DCs; MNC+DC(lysate), MNCs cultured
with lysate-treated DCs; MNC+DC(RNA), MNCs cultured with tumor RNA-treated DCs.

60+

£
i=1
1

(=]
k=1
1

granzyme BY lymphocytes, %o

aubE

MNCSDC)

I\[N(‘+1"( (lysate)  MNC +n("(RN-\)

@«
o
n

[
o
I

B
o
I

vine BT/CDEY lymphocytes, %o

20-

1L

MKRC MNC+DC0)

2ranz?

MNC+DC(lysale)  MNC+DC(RNA)

Figure 7. Effect of antigen-primed DCs on the relative amount of (A) granzyme B* lymphocytes; and (B) granzyme B*/CD8* lymphocytes in the co-culture
of MNCs from NSCLC patients, n=16. The error bars show a minimum and maximum of values, boxing is a quartile, and the inner line is a median "P<0.05
vs. group MNC and “P<0.05 vs. group MNC+DC(0), determined using Kruskal-Wallis ANOVA and multiple comparisons test. NSCLC, non-small cell
lung cancer; DC, dendritic cells; CD, cluster of differentiation; MNC, mononuclear cells of the non-adherent fraction; MNC+DC(0), MNCs cultured with
non-primed DCs; MNC+DC(lysate), MNCs cultured with lysate-treated DCs; MNC+DC(RNA), MNCs cultured with tumor RNA-treated DCs.

interact with other cells (13). There is insufficient data regarding
peripheral blood DC subsets in NSCLC at present. The present
study revealed differences in the relative number of DC subtypes
between groups of healthy donors and patients with NSCLC. A
significant decrease in the level of mDCs and pDCs was observed
in the patients, compared with healthy donors, indicating a
depletion of the total pool of circulating DCs in patients with
NSCLC, which was observed by Domingues et al (14). In the
present study, there were no significant differences in the ratio of
peripheral blood mDCs and pDCs between healthy donors and
patients with NSCLC. DCs are required to express appropriate
co-stimulatory markers on the membrane to efficiently present
an antigen to cytotoxic T lymphocytes (15,16). To assess the
potential of circulating DCs for maturation, agonists of TLR 4,7,
and 8 (R-848 and LPS) were used which are capable of inducing
maturation of mDCs and pDCs, with subsequent evaluation of the
expression level of co-stimulatory molecules. In blood samples
prior to LPS and R848 stimulation for the two DC subsets, the
number of CD86-expressing cells in patients with NSCLC was
significantly decreased, compared with that in healthy donors.
A significant increase in the expression of CD86 in mDCs
and pDCs, in response to stimulation with LPS and R848, was
observed in all groups. In the present study, the number of

CD86-bearing cells in the pDC population from patients with
NSCLC, following stimulation, was decreased, compared with
that in healthy donors. Expression of CD83 in DC subsets, in
healthy donors and in tumor patients, was not detected. However,
a significant increase in the expression level of CDS, following
after stimulation with R848 and LPS, was observed in all groups.
The relative amount of CD83* cells among mDCs in patients
with NSCLC following stimulation was significantly decreased,
compared with that in the healthy donors, indicating the different
stages of DC differentiation in NSCLC.

Impaired function of peripheral blood DCs was observed
in patients with NSCLC compared with healthy donors in
the present study. In the present study, the number of cells
expressing CCR7 was analyzed, which is associated with the
ability of cells to migrate to the areas of antigen presentation
and co-stimulation of T cells because its ligand CCLI19 is
expressed in T cell areas of secondary lymphoid organs (17).
The number of CCR7-expressing cells in the patients, prior to
and subsequent to stimulation, was below the flow cytometer
detection limit, whereas a significant increase in the number of
CCRT7-expressing cells, in response to R848 and LPS stimula-
tors, occurred in healthy donors. These results indicated
an alteration in the migration ability of antigen-presenting
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cells into naive T cell areas within the lymph nodes, and
may be the cause of failure or impairment of the antitumor
immune response in NSCLC. Thus, the study of peripheral
circulating DCs in patients with NSCLC revealed a number
of features that may explain a high immunosuppression level
accompanying the development of malignant lung tumors. A
decrease in the number of mDCs and pDCs, compared with
healthy donors, and a disturbance in the differentiation and
functional activity of the DCs were identified in the present
study. These results may prompt the generation of functionally
active DCs from the peripheral blood of patients with NSCLC
for use in immunotherapy regimes. The stimulation-induced
recovery of DC maturation enables DCs to be a target for
therapeutic intervention and indicates that DCs themselves
may be a treatment option. To date, there are a number of
approaches for generating DCs in vitro, including preparation
of DCs from peripheral blood monocytes and bone marrow
progenitors (CD34* cells) (18). Furthermore, a wide range
of factors may be used for differentiation and maturation of
DCs (GM-CSF, IL-4, interferon-a, IL-2, IL-6, IL-15, TGF-q,
stem cell factor, FLT-3 ligand and prostaglandin E2) that may
facilitate, in a combination or individually, the generation of
DCs from monocytes or CD34* cells (19-23). The present
study suggested that there is some danger in using numerous
factors for differentiation and maturation of DCs that can lead
to the production of DC subsets with a variety of phenotypes
and functions. In the present study, DCs were generated
from peripheral blood MNCs from patients with NSCLC. To
produce immature DCs, the adherent fraction of MNCs was
cultured with rhGM-CSF and rhIL-4. To generate mature
DCs, rhTNF-o and rhIL1-f were added to immature DCs.
This approach resulted in a DC culture with phenotypic and
functional characteristics typical of mature DCs. The main
advantage of using DCs in developing anticancer vaccines is
the possibility to generate, in vitro, antigen presenting cells
with certain characteristics required for a normal antitumor
immune response (24). Additionally, an important feature of
DCs that distinguishes them from other antigen-presenting
cells is their ability to cross-present antigens (25). It was previ-
ously demonstrated that treatment of a patient with cancer
with a DC-based vaccine led to a considerable reduction in
the functional activity of DCs (26). Therefore, loading DCs
with tumor antigens and induce maturation was required, as
this would promote activation of an antigen-specific immune
response and prevent the immunosuppressive influence of the
tumor.

The source of tumor antigens serves an important function
in their immunogenicity (27-29). Tumor cell lysates, tumor
cell RNA, recombinant proteins of tumor-associated antigens,
and DNA constructs encoding tumor-associated antigens have
been used as antigens (21,30,31). Loading DCs with a tumor
lysate enables presentation of a range of tumor antigens from
a patient (32). The use of a tumor lysate as a tumor associ-
ated antigen source may have the advantage in stimulating a
polyclonal immune response, as they may stimulate CD4* T
helpers and CD8* cytotoxic T lymphocytes, thereby reducing
the likelihood for tumor escape (33). This method decreases
the time and effort required for identification and synthesis
of certain immunodominant peptide epitopes, allowing DCs
to process naturally occurring tumor antigens and stimulate a
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natural cytotoxic response (34,35). The use of a tumor lysate as
a source of antigens for loading DCs is more efficient than the
use of separate peptides (33). Autologous tumor cells from the
patient contain a range of antigens (36), which may lead to the
generation of a wider range of cytotoxic T lymphocytes (37).
However, the use of a tumor cell lysate as a source of antigens is
associated with immunosuppression (38). The use of tumor cell
RNA to transfect DCs may prevent this adverse effect (39,40).
One of the potential and promising areas in cancer immuno-
therapy is the use of T cells co-cultured, and thereby ‘trained’, in
the presence of antigen-primed DCs. One mature differentiated
DC is capable of efficiently activating ~100 T cells, whereupon
they may implement an immune response (41). Therefore, activa-
tion of the cellular immune response may be achieved during
in vitro co-culturing of DCs and T cells, thereby, avoiding the
negative influence of tumor growth products depressing the func-
tional activity of mature antigen-primed DCs administered to
the patient (42,43). After co-culturing MNCs and DCs, a lactate
dehydrogenase (LDH) cytotoxicity test, which is on the basis
of the release of LDH from lysed tumor cells in vitro, to study
the stimulating effect of antigen-primed DCs on the cytotoxic
activity of tumor MNCs against NSCLC cells. Generated DCs
primed with a tumor cell lysate and DCs transfected with tumor
cell RNA were able to enhance the cytotoxic activity of MNCs
against autologous NSCLC cells by 4.3 and 4.7 times, respec-
tively, compared with the control group of DCs not primed with
tumor antigens. In the present study, cytotoxic T lymphocytes
induced apoptosis of target cells via the accumulation of perforin
and granzyme granules. Perforin is a pore-forming protein that
has homology with the C9 complement component and is synthe-
sized as an inactive precursor cleaved at the C-terminus to yield
the active form (44). Perforin incorporates into the membrane of
the target cell and may promote cell entry of granzyme B and
enhance the cytotoxic effect of T lymphocytes (45). Additionally,
Fas- and TRAIL-ligands act as apoptotic inducers (46). The
Fas-ligand-mediated mechanism of apoptosis is involved in
the elimination of unintended cells, thereby reducing the risk
of developing tumor cells (47). Cytotoxic T lymphocytes use
Fas-ligand to activate caspases that directly induce apoptosis (48).
TRAIL is a death receptor that belongs to the family of TNF
receptors (49). Fas and TRAIL apoptosis responds to certain
stimuli (e.g., an increase in the expression of the corresponding
ligands) and causes DNA damage and protein p53 activation,
which leads to the release of mitochondrial pro-apoptotic factors
triggering caspases. The TRAIL mechanism may be induced
by factors including nuclear factor k-light-chain-enhancer of
activated B cells, mitogen-activated protein kinase and protein
kinase B (50). To study the mechanisms of cytotoxic activity
observed in the co-culture of MNCs and DCs, the relative level
of CD178*, CD107a*, CD253", perforin*, and granzyme* cells in
the total lymphocyte population and CD8" cells was determined
on the fifth day of incubation. There were no significant changes
identified in the expression of CD178, CD107a, and CD253,
which are markers of FasL- and TRAIL-dependent pathways
of cytotoxicity. The accumulation of perforin in the total
lymphocyte population and CD8* cells, following co-culture,
demonstrates a stimulating effect of lysate-primed DCs and
RNA-transfected DCs. DCs treated with tumor cell RNA as a
source of antigens have a stimulating effect, similar to that of
lysate-primed DCs, on the cytotoxic activity as observed with an
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increase in perforin* and granzyme B* lymphocytes and CD8*
cells. These results suggested that tumor cell RNA may be used
with tumor cell lysates, particularly in situations where antigenic
material may be unavailable, undesirable because of a possible
immunosuppressive effect, or insufficient in quantity for prepa-
ration of a tumor cell lysate.

Patients with NSCLC were identified to exhibit a decreased
number of all peripheral blood DC subsets, compared with
healthy donors. Additionally, DCs revealed an impaired
ability to undergo maturation. DCs generated from peripheral
blood MNCs of patients with NSCLC and primed by a lysate
and tumor cell RNA were able to stimulate the cytotoxic
activity of MNCs against autologous tumor cells in vitro.
The observed ability of DCs loaded with tumor antigens
(lysate or RNA) to increase the cytotoxic activity of MNCs
against NSCLC cells in vitro indicates effective activation of
T lymphocytes by the generated DCs. The effector reactions
induced by antigen-primed DCs occurred primarily through
a perforin-granzyme B-dependent cytotoxic pathway, which
was demonstrated by an increase in perforin* and granzyme B*
CDS8*cells, following co-culture of MNCs and antigen-primed
DCs and by the lack of statistically significant changes in
markers of Fas- and TRAIL-dependent cytotoxic pathways.

To conclude, the disturbances to the phenotype and func-
tional capabilities of peripheral blood DC subsets in patients
with NSCLC could be overcome by TLR stimulation. Thus,
autologous DCs may be considered for use in patients with
NSCLC as a target for therapeutic strategies, and as the basis
for cellular immunotherapy and induction of an antitumor
cytotoxic immune response.
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