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Abstract: Dendritic cells (DCs) are considered the most potent professional antigen-presenting cells (APCs) that elicit adaptive antitumour
immunity. DCs integrate multiple environmental signals by efficiently processing tumour-associated antigens (TAAs) and migrating to
draining lymph nodes (dLNs), where they present foreign antigens to T cells for priming. DCs thus serve as a major link between innate and
adaptive immunity. Although DCs (mostly monocyte-derived DCs [mo-DCs]) have already been used in cancer therapies, such approaches
have shown limited efficacy. Mo-DCs have the unique ability to present antigens to T cells in peripheral tissues. CD3+CD56+ cytokine-
induced killer (CIK) cells are characterized by both MHC-restricted and MHC-unrestricted antitumour cytotoxicity against a broad range of
cancer cells. This review presents an overview of the mechanisms by which mo-DCs and CIK cells’ interact with each other and with
tumours.

The maturation of DCs was identified as a crucial step in the development of effective DC-based vaccines against cancer. A further
improved adoptive immunotherapy strategy involves a combination of mature mo-DCs and CIK cells. Combination therapy presents many
opportunities for cancer treatment, as reported by a number of clinical trials. However, there is a lack of fundamental studies on the
interaction of in vitro-generated mo-DCs with CIK cells.

We discuss several methods of boosting DC-based vaccines and review the current knowledge of contact-dependent and cytokine-induced
interactions of mo-DCs with CIK cells. We highlight that the combination of mo-DCs with CIK cells activates MHC-restricted and MHC-
unrestricted immune responses.
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of CD4 T cells [9, 10]. pDCs specialize in the production of large
amounts of type | interferon (IFN) upon viral exposure [11, 12].

Introduction

Dendritic cells (DCs) are professional antigen-presenting cells

(APCs) that effectively induce adaptive immunity against tumours
and pathogens upon interactions with foreign antigens and danger
signals. Therefore, DCs serve as a link between innate and
adaptive immunity [1, 2]. DCs are widely localized throughout
tissues, where they collect exogenous and endogenous antigens by
cross-presentation. Based on phenotype and specialized functions,
DCs are classified as conventional (cDCs) or plasmacytoid DCs
(pDCs). cDCs are further grouped into cDC1s and cDC2s, depending
on their ability to present antigen via MHC class | or class Il,
respectively [3]. cDC1s play a major role in the presentation and
recognition of cancer cell antigens. These cells are responsible for
antigen recognition and transport to appropriate endosomal
compartments and the subsequent processing of antigens for
cross-presentation to naive CD8 T cells through MHC class | to
initiate the immune response [4-7]. cDCls can also present
antigens through MHC class Il and polarise CD4 T cells towards a
Th1 phenotype by secreting IL-12 [8]. cDC2s have been reported to
present antigens through MHC class Il and activate the expansion

Mo-DCs are distinct DCs derived from Ly6Chi monocytes and
have a different phenotype than conventional DCs derived from
bone marrow precursors (mouse cDC1s -
Ly6CloCD64loCD24+CD11blo; mouse cDC2s -
Ly6CloCD64loCD24int-loCD11b+; mouse monocyte-derived DCs —
Ly6ChiCD64hiCD24intCD11b+). Human mo-DCs have been
identified in solid tumours (tumour-associated DCs (TADCs));
tumour ascites; and healthy tissues, such as the intestine and skin
in vivo. Mo-TADC subsets have been found in tumour cell cultures
as 3LL-R, T241, LLC-OVA, MMTV-PyMT, 3LL-S, MC38, and B16 [13].

Autologous DCs are widely used in immunotherapy and have
become popular as a safe and reliable therapeutic approach
against cancer. Multiple studies reported improved overall survival
by approximately 20% in cancer patients when treated with DC
vaccines [14-17]. Recently, the use of autologous ex vivo-derived
mature DCs in combination with cytokine-induced killer (CIK) cells
has become increasingly popular as a promising novel strategy for
cancer therapy.
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Figure 1. The molecular mechanism of cross-presentation in DCs. There are three main ways of antigens absorption occurring in DC: receptor-mediated
endocytosis, phagocytosis and macropinocytosis. After properly degradation in the early endosome (by the concourse of the mild pH) or lysosome (by
cathepsins and proteases), antigens can be processed in two different ways. The first is vascular, according to it, the processed antigens are directly loaded
into the processed MHC-I, the whole process is carried out in the phagosome. The second pathway is the cytosolic, according to it, antigens, endogenous
proteins and DRiPs are exposed by proteasomes. After processing proteins are transported by the TAP protein to the endoplasmic reticulum, where they are

loaded into the MHC-I using a special peptide-loading complex. CNX, calnexin;

CRT, calreticulin; UGT1, UDP-glucose: glycoprotein glucosyltransferase 1;

ERAP, ER-aminopeptidases 1/2; PLC, peptide-loading complex; ERp57, protein disulfide isomerase 3; TAP1/2, transporter associated with antigen-presenting

1/2; ROS, reactive oxygen species; NOX2, NADPH oxidase 2; CLR, C-type lectins.

Typically, immune cells recognize specific antigens presented
by MHC molecules on infected cell surfaces, triggering the release
of cytokines that subsequently cause lysis or apoptosis. CIK cells,
on the other hand, are able to track infected or malignant cells in
the absence of antibodies and MHC, a feature that renders these
cells capable of a rapid and unbiased immune response, primarily
due to the increased proliferation of CD3+CD56+ double-positive
cells. Thus, terminally differentiated CD3+CD56+ CIK cells are
characterized by both MHC-restricted and MHC-unrestricted
antitumour cytotoxicity against a broad range of cancer cells [18].
This characteristic is of particular importance as harmful cells that
lack MHC markers cannot be recognized by other immune cells.

In a number of phase | and phase Il studies, autologous and
allogeneic CIK cells displayed high cytotoxic potential against
different tumours with mild side effects. In many cases, CIK cell
treatment led to complete remission of the tumour burden,
prolonged survival, and improved quality of life, even in advanced
disease stages. Currently, CIK cell treatment is restricted to clinical
studies [19, 20]. However, in certain cases, CIK cell therapy alone
has shown relatively low cytotoxicity due to a lack of tumour
specificity [21, 22]. CIK cell function was also shown to be
decreased in  the presence  of  immunomodulatory
regulatory/suppressor T (Treg) cells, which are elevated in cancer
patients and are responsible for the inhibition of the antitumour
immune response [23]. Clinical trials revealed that combination
therapy with CIK cells and mo-DCs and chemotherapy significantly

prolonged survival and enhanced immune function in patients.
One- and two-year overall survival rates increased in patients with
solid tumours who received combination therapy with CIK cells
and mo-DCs compared with those who received chemotherapy
alone (from 58.1% to 76.5% and from 11.2% to 28.6%,
respectively) [24]. Moreover, the immune function of patients
improved after combination therapy with CIK cells and mo-DCs, as
demonstrated by the significant decrease in the number of CD8
cells and increase in interferon-gamma (IFN-y) and IL-12 levels
[25].

This literature review presents the mechanisms of the
interaction of DCs and CIK cells with tumours and the proper
methods for DC activation. This review was performed to
investigate the pathways of tumour antigen presentation by
human DCs and the crosstalk between DCs, CIK cells, and tumours
to determine the most efficient means of combination therapy.

Current protocols for obtaining mo-DCs and CIK cells and cell
characteristics

There are several cytokine cocktails that induce mo-DC
differentiation in vitro. It has been reported that mo-DCs do not
require GM-CSF signalling for in vivo differentiation. However, mo-
DCs were shown to be heavily affected by the absence of FIt3L and
the inability to respond to GM-CSF [26]. Phenotypic comparison
with ascites-derived mo-DCs showed that when cultured with M-
CSF, IL-4 and TNF-a or IL-34, IL-4, and TNF-a, human blood CD14+

© 2021, LLC Science and Innovations, Saratov, Russia

Www.romj.org



ISSN 2304-3415, Russian Open Medical Journal
R @ MJ 2021. Volume 10. Issue 2 (June). Article CID e0209
DOI: 10.15275/rusom;.2021.0209

30f 8

Oncology

monocytes undergo differentiation into CD1a+ mo-DCs and have
similar expression of various surface markers (CD1b, CD11b, CD64,
CD88, CD141, CD172a, CD206, CD226, FceRl, and MerTK), except
for CD14, which was downregulated upon culture. Interestingly,
the widely accepted culture system to induce monocyte
differentiation using GM-CSF and IL-4 with or without TNF-a
results in CD1a+ mo-DCs with a phenotype that is less similar to
that of ascites-derived mo-DCs. Comparative transcriptomic
analysis demonstrated that mo-DCs differentiated with M-CSF, IL-
4, and TNF-a were highly similar to those differentiated with IL-34,
IL-4, and TNF-a and clustered close to ascites mo-DCs. The
transcriptome of mo-DCs differentiated with GM-CSF and IL-4 was
closer to that of blood CD1c+ mo-DCs [26]. Although prominent in
tumour antigen uptake, monocyte-derived TADCs lack strong T cell
stimulatory capacity due to NO-mediated immunosuppression
[13]. Mo-DCs generated in vitro using GM-CSF, IL-4, and TNF-a
resemble naturally occurring peripheral blood DCs and, therefore,
are more suitable for therapeutic applications compared to DCs
generated by culturing either with M-CSF, IL-4 and TNF-a or 1L-34,
IL-4, and TNF-a [26].

CIK cells are a group of immune effector cells generated from
peripheral lymphocytes and are activated ex vivo by exposure to
IFN-y, anti-CD3 antibodies, IL-1, and IL-2 to induce terminal
differentiation and maturation. CIK cells consist of a
heterogeneous population of >90% CD3+, >70% CD8+ T cells, >20%
CD3+CD56+ cells (NK-T cells), and <5% CD3-CD56+ cells. CIK cells
feature a mixed T- and NK cell-like phenotype and have several
typical properties. These characteristics include easy generation ex
vivo; potent cytotoxic activity (mediated by perforin and Fasl)
against various tumour cells [27]; and MHC-unrestricted
cytotoxicity that is dependent on activating receptors, such as
NKG2D, NKp30, and DNAM-1 [28].

Mechanism of antigen presentation by DCs

Tumour cells serve as sources of antigens for APCs by
expresses mutated peptides on their surfaces. Therefore,
understanding the mechanism of antigen processing and
presentation by mo-DCs is a crucial step in the preparation of DC
vaccines. To initiate an immune response to cancer, infected or
transplanted cellular antigens must be displayed on the MHC |
molecules of APCs. This process of acquiring and presenting the
antigens of another cell by DCs is called “cross-priming” or “cross-
presentation”. Naive CD8 T cells constantly circulate through
secondary lymphoid tissues [29]. cDC1s display tumour-associated
antigens and transport them to the draining lymph node to prime
and activate cytotoxic T cells. These cells subsequently migrate
into the T cell compartments in the lymph nodes by their
chemokine receptors, such as a C-C chemokine receptor type 7
(CCR7) [30]. In mice, cross-presentation is mainly performed by
c¢DC1 in lymphoid organs. However, mo-DCs have the unique
ability to cross-present antigens to CD8+ T cells directly in
peripheral tissues [31]. In contrast, the cross-presentation of
antigens in humans is similar for cDC1s, cDC2s, and pDCs. Human
mo-DCs generated in vitro from monocytes and cultured with GM-
CSF and IL-4 also show the ability to cross-present antigens. Tsing-
Lee Tang-Huau et al. observed that human mo-DCs from
peritoneal ascites and DCs generated in vitro from monocytes by
culturing with M-CSF, IL-4, and TNFa cross-present exclusively
using a vacuolar pathway identified by a pan-cathepsin inhibitor.
However, only ascites-derived mo-DCs induce significant CD8+ T

cell proliferation and expression of granzyme A, perforin, and IFN-y
[32]. Contradictory data exist on the pathway used for cross-
presentation by in vitro-differentiated DCs derived from
monocytes using GM-CSF and IL-4. Some studies reported the
cross-presentation of soluble antigens via the vacuolar pathway
[33] and others via the cytosolic pathway [34], while the cross-
presentation of cell-associated antigens has been reported to be
proteasome-dependent [35]. Therefore, further research is
required to compare mo-DCs generated using GM-CSF and IL-4
with mo-DCs isolated from peripheral blood.

Many types of C-type lectin receptors can influence cross-
presentation. Hence, antigens delivered through the C-type lectin
receptor langerin on Langerhans cells [36], CLEC9A on BDCA3+ DCs
[37], DCIR (CLEC4A) [38], and DC-SIGN or DEC-205 on monocyte-
derived DCs or dermal DCs [39] mediate enhanced cross-
presentation of human DCs. All human DC subsets and monocytes
express the C-type lectin domain family 12, member A (CLEC12A)
[40]. Antigen targeting to CLEC12A, mannose receptors, and CD40
enhances cross-presentation by human DCs in early endosomes,
where the antigens are retained for longer periods compared to
DEC-205-targeted antigens in late endosomes [41, 42]. MHC |
receptors are loaded by exogenous antigens for cross-presentation
through vacuolar and cytosolic pathways [43]. In the vacuolar
pathway, the cross-presentation of antigens by APCs is TAP-
independent and resistant to proteasome inhibitors (Figure 1) but
sensitive to inhibitors of lysosomal proteolysis (in particular,
cathepsin S inhibitors) [44, 45]. Therefore, endocytic
compartments play key roles in both antigen processing and the
subsequent peptide loading onto MHC class | molecules in the
vacuolar pathway. In contrast, antigens internalized by the
cytosolic pathway require TAP1/2 transporters and are sensitive to
proteasome inhibitors, suggesting that antigens are degraded in
the cytoplasm by the proteasome followed by loading of the
proteasome-degraded peptides onto MHC | molecules [46]. To
overcome the inefficiency of cross-presentation with soluble
proteins, Schnurr et al. demonstrated that forming a vaccine using
the tumour antigen NY-ESO-1 with antibodies or the
immunostimulatory ISCOMATRIX (ISCOTEC AB) adjuvant (IMX)
resulted in an efficient antigen delivery system that caused
changes in antigen processing pathways. For direct antigen
delivery to DCs, antigens could be coupled to antibodies or
nanoparticles specific to DC receptors. After initial lysosomal
antigen processing (inhibited by concanamycin B) and
translocation into the cytosol (TAP-dependent), cross-presentation
of the NY-ESO-1/antibody required proteolysis by the proteasome
(inhibited by epoxomicin or lactacystin). In contrast, for NY-ESO-
1/IMX, the MHC | epitope was generated in an alternative,
proteasome-independent fashion [47], which indicates that
antigen processing and loading may be regulated.

Therefore, antigens fused to antibodies specific to a selected
DC surface receptor should mediate efficient vaccine delivery to
DCs. Individual DC receptors differ widely in their expression level,
internalization speed, and downstream intracellular trafficking
pathways. Dec205, a molecule that is involved in late endosomal
targeting, is considered a superior receptor for MHC | cross-
presentation [48]. Alternatively, MHC | cross-presentation is
enhanced by receptors that traffic to early, but not late,
endosomes [49]. This is the case for CD40 and a mannose receptor
that both traffic to early endosomes, yet for unknown reasons,
CD40 is more efficient at eliciting MHC | cross-presentation [50]. A
phase Il clinical trial on the Mucl fusion protein conjugated to
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mannan under oxidizing conditions that is recognized by the
mannose receptor demonstrated a significant reduction in the
recurrence rate in breast cancer patients compared to patients in
the placebo group [51]. Another way to promote the APC loading
of cancer antigens involves Fc receptors that interact with the Fc
domains of antibodies. Hossain et al. used anti-rhamnose (Anti-
Rha) antibodies to form an immune complex with a Rha-containing
MUC1 vaccine in vivo for FcyR-mediated antigen uptake [52].
However, their study revealed that the antigen load, speed of
internalization, surface turnover, and receptor expression level
had no impact on MHC | or MHC Il antigen presentation efficiency
[53]. Therefore, targeting the receptor rather than the associated
antigen is more likely to be the critical determinant of antigen
presentation outcomes.

Maturation of DCs for DC-based vaccines

Using mature DCs is crucial for obtaining efficient DC vaccines.
Foreign antigen detection and an inflammatory stimulus cause DCs
to enter a complex developmental program called “maturation”.
During maturation, a series of profound modifications in DC
morphology and function occur. At this stage, a temporary
improvement is observed in the capacity of DCs to take up
antigens within 20 to 40 hours [54, 55]. This is accompanied by
increased expression of co-stimulatory molecules (CD40, CD80,
and CD86) and a wide variety of inflammatory cytokines and
chemokines [56]. The expression of MHC class | and class Il also
increases. Finally, maturation leads to the migration of DCs from
tissues to the draining lymph nodes, where naive CD8 T cell
priming occurs [57].

Several practical issues involving DC maturation still have to be
resolved to understand the interaction of DCs with tumour
antigens. Lipopolysaccharide (LPS) in complex with cancer antigens
has been widely used as a popular method to induce the
maturation of DCs. The active lipid A component of LPS from
Gram-negative bacteria is recognized by TLR4 in conjunction with
MD2, CD14, and an LPS-binding protein [58, 59]. Pharmacological
studies have reported that the recognition of PAMPs and DAMPs
(but not tumours) by TLRs stimulates the production of mediators,
such as type | interferon. A broad range of clinical trials have
studied the adjuvant activity of TLR4 activators in vaccines based
on tumour antigens. Although LPS is the most studied
immunostimulatory TLR4 ligand, it is a highly toxic molecule, which
hinders its use as a vaccine adjuvant. Several studies have
demonstrated that the TLR4 agonist LPS induces PD-L1 on DCs and
contributes to the development of tolerogenic DCs [60, 61]. Few
TLR agonists have been approved by the FDA for clinical trials for
TLR agonist-based immunotherapy. Bacillus Calmette-Guerin and
imiquimod have been approved as standalone therapies, whereas
monophosphoryl lipid A (MPL) has been approved as a vaccine
component. TLR4 ligation by MPL has been shown to stimulate the
tolerogenic properties of oral mucosal Langerhans cells [62].
Topical imiquimod has been shown to induce PD-L1 and CD86 in
skin DC subsets [63]. TLR agonists have immune inhibitory effects,
which explains the underperformance of TLR agonists as cancer
therapeutics. These data suggest that the use of LPS and its
components in DC maturation would be inefficient.

Another way to stimulate DC responses is to activate heat-
shock proteins (HSPs). Several studies have revealed that human
DCs loaded with tumour cells that were heat-treated at 42°C
before being killed showed more efficient cross-priming to naive

human CD8+ T cells than DCs loaded with tumour cells that were
not heated before killing [64]. HSPs function as ubiquitous
chaperones that refold nascent or denatured polypeptides [65].
HSPs can also be used as adjuvants to stimulate vaccine
immunogenicity. HSPs are intracellular proteins that are released
into the cellular environment upon cellular injury or necrosis, but
not apoptosis. HSPs can also be actively secreted into the
extracellular environment by tumour cells or released from cells
undergoing necrotic lysis in response to cytotoxic lymphocytes
(CTLs), natural killer (NK) cells, or viral infections [66]. HSPs are
regarded as DAMPs [67]. DAMPs are signals that indicate the
presence of cellular damage and are alternative ligands to PRRs.
HSP70 can be released from tumour cells and stimulate a potent
antitumour immune response. Free extracellular HSP70 interacts
with LOX-1 receptors on DCs or associates with CD94 on NK cells
[68, 69]. Other surface receptors for HSPs, including scavenger
receptor A (SR-A), CD91 receptor, TLR 2, TLR4, and CD40, are
involved in the endocytosis/phagocytosis [63] of HSP70-peptide
complexes that are cross-presented by DCs on MHC | [70]. HSPs
are taken up into the ER through the ABC family transport system,
which involves the proteins TAP1 and TAP2. TAP1 and TAP2 form a
complex that transports peptides across the ER membrane and
delivers them to MHC | protein complexes [71, 72]. These MHC |
complexes are transported to the cytoplasm via a vesicular system
and are displayed on the DC cell surface for CD8+ T cells activation
[73].

Mechanism of action of CIK cells with tumour cells

The CD3+CD56+ subset of the CIK cell fraction is the main
effector group that destroys malignant cells. This ability is mainly
due to receptors, such as NKG2D, NKp30, and CD56. Unlike NK
cells, CIK cells poorly express or do not express NKp44 or NKp46.
Antibody-blocking experiments revealed that DNAM-1, NKG2D,
and NKp30 are involved in the TCR-independent recognition and
killing of tumour cells. However, CIK cells retain antibody-
dependent cellular cytotoxicity (ADCC) ability and TCR-mediated
cytotoxicity, thus exerting their “dual-functional capability” against
tumour cells [18]. NKG2D is the surface cell receptor that plays an
important role in the cytotoxic activity of the main effector
CD3+CD56+ subset of CIK cells. NKG2D belongs to the C-type
lectin-like receptor family. NKG2D is not capable of inducing a
signalling cascade; therefore, the transmembrane molecule DNAX-
activating protein of 10 kDa (DAP10) acts as a molecular
transmitter [74]. NKG2D and its DAP10 adapter molecule form an
activating receptor complex, which can signal by recruiting
phosphatidylinositol-3 kinase [75]. NKG2D ligands are stress-
induced proteins that are expressed mainly on the surface of
cancer cells. Structurally, stress-induced proteins belong to the
family of MHC class I-related ligands (MHC class I-related chain A
and B [MICA, MICB]) proteins and the six unique long 16 (UL-16)-
binding proteins (ULBP1-6) [76, 77]. Cytotoxic activity was shown
to be mediated by this receptor in an in vitro study on the LCL
721.221 cell line not expressing MHC class-l molecules, thus
excluding TCR-mediated recognition of cancer cells [78]. The
decrease in cytotoxic activity is influenced by CD4+ CD25+ T cells.
In an in vivo and in vitro study, it was shown that the elimination
of Tregs in the initial stage of culturing CIK cells has a significant
effect on the subsequent lysing ability of effector cells. The
suppressive role of CD4+ CD25+ T cells is based on inhibiting the
expression of the NKG2D TGF-B1 receptor on CIK cells, which is
synthesized by Tregs [79]. Although early studies have shown the

© 2021, LLC Science and Innovations, Saratov, Russia

Www.romj.org



ISSN 2304-3415, Russian Open Medical Journal
R @ MJ 2021. Volume 10. Issue 2 (June). Article CID e0209
DOI: 10.15275/rusom;.2021.0209

50f 8

Oncology

inability of CIK cells to mediate ADCC [80], Cappuzzello and
colleagues have recently observed in vivo and in vitro that CIK
cells, namely the effector fraction of CD3+CD56+ cells, are capable
of donor-dependent expression of CD16 FcyRIIl induced by the
addition of IgG [81] monoclonal antibodies. As shown by
antibodies blocking receptors, such as NKG2D NKp30, CIKs have
HLA-independent cytotoxicity against the HLA I-deficient K562 cell
line. However, at the same time, such antibody blocking did not
affect antitumour activity of these cells against CMV-pulsed
autologous T-PHA-induced blasts, which in turn demonstrates the
ability of CIK cells to mediate TCR-dependent cytotoxicity [82].
Mehta and colleagues have shown that LFA-1, an adhesion
molecule expressed on the surface of CIK cells, does not play a
special role in the release of cytolytic granules. However, they
observed that LFA-1 plays an important role in the recognition of
tumour cells with surface ligands LFA-1- ICAM-1, -2, and -3, CIK
cells, and in mediating cell-to-cell-mediated cytotoxicity [83].
However, for cancer cells that do not express these ligands, the
cytotoxic activity of CD3+CD56+ double-positive cells remains
invariably effective [18]. As shown from a CD56 knockdown
experiment in CIK cells and from monoclonal antibodies against
CD56 (GPR165), the CD56 receptor has significant importance in
the process of recognition and lysis of target cells that express this
marker. In the same experiment, it was shown that the 140-kDa
isoform of CD56 is characteristic not only of CIK cells, but also of
NK cells [84].

As previously mentioned, CIK cells possess properties inherent
in both T cells and NK cells. Therapy based on CIK cells has many
advantages. CIK cells are easily expandable in vitro; do not require
exogenous administration of IL-2; and have easily manageable side
effects, such as fever, headache, and rash.

Crosstalk of DCs with CIK cells

DCs are the major antigen-presenting cells and can capture
and process tumour antigens and activate the immune functions
of CD4+ and CD8+ T cells, NK cells, B cells, and CIK cells [85].
Subsequently, the interaction between DCs and CIK cells has been
described to have a costimulatory effect on both populations, with
a dramatic increase in IL-12 secretion by DCs and a significant
increase in the cytotoxic activity of CIK cells [86]. Accumulating
evidence indicates that coculture with in vitro-matured DCs can be
used to overcome tumour-related immunosuppression and
improve the antitumour efficacy of CIK cells. This effect is
mediated by decreasing the number and function of CD4+CD25+
Tregs, which shows a negative correlation with IL-10 concentration
and results in an enhanced expansion and frequency of
CD3+CD56+ cells in the amplified cell population. However,
immature DCs were reported to be responsible for the tolerance
and induction of Treg cells [87]. Pasare et al. (2003) reported that
DCs could block suppressor Treg activity by secreting IL-6 [88].

In many cases, an antigen-specific T cell response cannot be
initiated due to the absence of functional DCs in patients with
tumours [89]. Recently, DCs have been used in several studies to
increase the cytotoxic activity of CIK cells in vitro or in vivo [86,
87], where tumour antigens have been coincubated with DCs in
vitro.

The contact-dependent mechanism of T cell activation, where
DCs contact T cells through CD80/86 and undergo cytoskeletal
reorientation induced by T cells via CD40-CD40 L signalling, is well
studied [90]. However, the exact mechanism of DC recognition by

CIK cells is not fully understood. Lee et al. (2016) demonstrated a
contact-dependent activation of CIK cells cocultured with tumour
lysate—pulsed dendritic cells (tDCs) via CCR5 signalling, where tDCs
express high levels of CCL5 and bind CCR5 expressed on CIK cells.
Interestingly, tDCs were shown to exhibit more frequent and long-
term contacts with Ccr5+/+ CIK cells than Ccr5-/- CIK cells at the
single-cell level, which resulted in increased antitumour activity of
Ccr5+/+ CIK cells in vitro and in vivo [91]. Another study revealed
decreased cytolytic activity of CIK cells after blocking IL-12
released by DCs in a coculture system, thus demonstrating the
importance of cytokine release in the activation of CIK cells. On the
other hand, cellular interactions were reported to cause changes
in the pattern of surface molecule expression on both DCs
(increase in DC-specific, costimulatory, and antigen-presenting
molecules) and CIK cells (higher levels of CD4, CD28, and CD40L
surface markers), leading to an increase in IL-12 concentration and
a further increase in the cytolytic capacity of the latter [86].

Conclusion

Current DC-based vaccine therapy suggests different methods
of DC maturation. Here, we discussed several aspects of DC
maturation. Several theoretical aspects are very important. For
example, linking antigens to antibodies specific to DC receptors or
adjuvants (such as IMX) may stimulate different antigen processing
by DCs. Induction of DC maturation with LPS or HSPs may induce
the recruitment of myeloid suppressor cells and regulatory T cells
by tolerogenic DCs or enhance the vaccine by additional pathways.
This review revealed the role of both contact-dependent activation
of CIK cells (involving CCR5 signalling) and the cytokine-dependent
cytolytic capacity of CIK cells upon coculture with mature DCs.
Therefore, the possibility of overcoming tumour-related
immunosuppression due to the enhanced cytotoxicity and
proliferation of CIK cells after coculture with in vitro-modified DCs
makes such combination therapy an attractive immunomodulatory
approach for the induction of anticancer immune responses.
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