
Journal of King Saud University – Science 34 (2022) 102213
Contents lists available at ScienceDirect

Journal of King Saud University – Science

journal homepage: www.sciencedirect .com
Original article
Tumor necrosis factor alpha and lipopolysaccharides synergistic effects
on T-cell immunoglobulin and mucin domain 3 regulation in dendritic
cells
https://doi.org/10.1016/j.jksus.2022.102213
1018-3647/� 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

⇑ Corresponding author.

Peer review under responsibility of King Saud University.

Production and hosting by Elsevier
Alia Aldahlawi a,b, Afnan Alqadiri a,b, Hadil Alahdal c,⇑, Kalthoom Al-Sakkaf d, Jehan Alrahimi a,b,
Fatemah Basingab a,b

aDepartment of Biological Sciences, Faculty of Sciences, King Abdulaziz University, Jeddah, Saudi Arabia
b Immunology Unit, King Fahad for Medical Research, King Abdul-Aziz University, Jeddah, Saudi Arabia
cBiology Department, Faculty of Science, Princess Nourah Bint Abdulrahman University, Riyadh, Saudi Arabia
dDepartment of Medical Laboratory Technology, Faculty of Applied Medical Sciences, King Abdulaziz University, Jeddah, Saudi Arabia

a r t i c l e i n f o a b s t r a c t
Article history:
Received 12 February 2022
Revised 11 June 2022
Accepted 27 June 2022
Available online 1 July 2022

Keywords:
Dendritic cells (DCs)
Tumor associated dendritic cells (TADCs)
T-cell immunoglobulin and mucin domain-3
(TIM-3)
Tumor necrosis factor alpha (TNF-a)
Tumor microenvironment (TME)
Background and objectives: Mature dendritic cells (DCs) are essential inducers of anti-tumor immunity.
However, the inflammatory tumor microenvironment (TME) develops tumor associated DCs (TADCs) that
adopt different immunosuppressive mechanisms. T-cell immunoglobulin and mucin domain 3 receptor
(TIM-3) is an immune checkpoint that suppresses anti-tumor immunity and accelerates T-cell exhaustion
which is expressed on IFN-c-producing T cells, macrophages, and dendritic cells. Administering TIM-3
blockade in vivo can enhance anti-tumor immunity and inhibit tumor growth. TIM-3 expression can be
induced on natural killer cells (NKs) in vitro by tumor necrosis factor alpha (TNF-a). Therefore, this study
aims to investigate whether TNF-a can induce the expression of TIM-3 and its ligand galectin-9 (Gal-9) on
DCs in vitro.
Materials and methods: DCs were produced from peripheral blood mononuclear cells (PBMCs) of healthy
donors by 800 U/ml rh IL-4 and 500 U/ml rh GM-CSF in the presence or absence of 1 lg/ml lipopolysac-
charide (LPS) and/or 5 ng/ml rh TNF-a.
Results: Phenotypic analysis showed that treating cells with LPS induced the expression of DC markers
(MHC class I & II), maturation markers (CD83), costimulatory markers (CD80, CD86) and reduced mono-
cyte markers (CD14). Similar results were observed in the presence of TNF-a alone or in combination
with LPS. Interestingly, LPS-treated and TNF-a-treated cells lack TIM-3 expression compared to untreated
cells as 90% of these untreated cells were TIM-3 positive, with no differences in the expression of Gal-9 in
all treated and untreated cells.
Interpretation and conclusion: These results revealed that TNF-a and LPS either alone or combined induced
the maturation of DCs in vitro and that the absence of both caused DCs to maintain an immature state and
induced the expression of TIM-3. This finding indicates that TNF-a is unable to induce TIM-3 on mature
DCs in vitro.
� 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction responses, able to eliminate tumor cells and suppress tumor pro-
Immune-based treatment is a pioneering method that has been
recently used to improve the human anti-tumor immune
gression (Zhang and Zhang, 2020). The immune system can sense
tumor neoantigens and initiate anti-tumor responses. However,
some tumors have the ability to possess immune cell functions,
so they do not produce inhibitory ligands and form immune
checkpoints on tumor-specific immune cells (Chen et al., 2021).
This process can induce negative regulatory pathways enable
tumors to escape the immunosurveillance.

Dendritic cells (DCs) are crucial to initiate anti-tumor immune
responses, considered as messengers between innate and adaptive
immunity, resulting in the stimulation of naïve T cells (Steinman
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and Cohn, 1973; Aldahlawi et al., 2020). DCs are a heterogeneous
group of the most professional antigen presenting cells (APCs)
(Balan et al., 2019). DCs can be categorized into immature (iDCs)
and mature (mDCs) based on the existence of co-stimulation and
maturation markers (Wang et al., 2020). While mDCs are capable
of expressing costimulatory and maturation markers such as
HLA-DR, CD86, CD80, CD54, and CD83 when examined phenotyp-
ically, iDCs can be identified by downregulating these molecules
(Morrissey et al., 2020). During immune responses, iDCs respond
to a variety of inflammatory mediators, including bacterial
lipopolysaccharides (LPS), which are then altered into mDCs able
to activate T cells (Morrissey et al., 2020). In addition, the tumor
microenvironment (TME) is involved in the upregulation of numer-
ous cell surface molecular via DCs, relocation to lymph nodes, and
displaying antigens through the major histocompatibility complex
(MHC) (Embgenbroich and Burgdorf, 2018). MHC proteins found
on DC surfaces present antigens to the adaptive immunity, which
allows CD8+ and CD4+ T cells to recognize the presented antigens
and initiate T-cell immunity (Morrissey et al., 2020; Fang et al.,
2022). DCs can also be classified based on several factors, including
key gene signatures and phenotypes, including essential transcrip-
tion factors, Toll-like receptors (TLRs), and other molecules, such as
chemokine receptors, C-type lectin receptors, and ontogeny (Balan
et al., 2019; Rhodes et al., 2019). DCs are categorized primarily as
steady-state DCs, Langerhans cell LCs and inflammatory DCs
(Balan et al., 2019). However, TME is highly immunosuppressive
and can develop tumor-associated dendritic cells (TADCs) (Laoui
et al., 2016). Many different forms of cancer, including colorectal,
breast, gastric bladder, ovarian, neck, head, renal, and lung cancer,
can be influenced by the high numbers of TADCs, which have been
correlated with poor prognosis of cancer (Janco et al., 2015;
Karthaus et al., 2012). Moreover, various immunosuppressive
molecules expressed on DCs affect T-cell infiltration into the
tumor, including programmed cell death-1 (PD-1), cytotoxic T-
lymphocyte-linked protein 4 (CTLA-4), and T-cell immunoglobulin
and mucin domain 3 (TIM-3) (Janco et al., 2015; Saleh et al., 2019).
The existence of such molecules can influence the effectiveness of
several cancer treatments, such as immunotherapies, including DC
vaccinations (Morrissey et al., 2020; Seidel et al., 2018).

TIM-3 has been detected on the surface of both immune and
tumor cells (Ocaña-Guzman et al., 2016). It was first discovered
as a cell surface molecule on T helper cells (CD4+) and T cytotoxic
cells (CD8+) (Sakuishi et al., 2011). Human tumors have been
reported to induce the secretion of TIM-3 on DCs as a result of mul-
tiple immunosuppressive factors, such as interleukin 10 (IL-10),
vascular endothelial growth factor A (VEGF-A), transforming
growth factor beta 1 (TGF-b1), arginase, and indoleamine 2,3-
dioxygenase (IDO) (Janco et al., 2015; Miyashiro et al., 2022). Thus,
TIM-3 is another target that could be used in cancer treatment.
Interfering with TIM-3 pathways can result in the induction of
anti-tumor immunity. Moreover, TIM-3 ligand galectin-9 (Gal-9)
interacts with PD-1 and TIM-3 to control T-cell death through
the activation of immune responses or the induction of apoptosis
(Ndhlovu et al., 2012; Liu et al., 2016). It was also suggested that
TIM-3 provokes human natural killer (NK) cells to bolster the
secretion of interferon gamma (IFN-c) in response to galectin-9
(Gleason et al., 2012; Zheng et al., 2019). Other studies have found
that TIM-3+ NK cells in cancer generate diminished amounts of
IFN-c, which are functionally exhausted (Zheng et al., 2019). To
date, the effect of TIM-3 and its ligand Gal-9 on DCs is still under
investigation. Recently, a study showed that TIM-3 expression
can be induced on NK cells in vitro via the addition of tumor necro-
sis factor alpha (TNF-a) through the nuclear factor kappa B (NF-jB)
signaling pathway, which provokes dysfunction in targeted cells
(Zheng et al., 2019). Therefore, this study aims to investigate the
2

ability of TNF-a to induce the expression of TIM-3 and its ligand
galectin-9 (Gal-9) on DCs in vitro.

2. Materials and methods

2.1. Blood sample collection

Blood samples were collected from healthy adult individuals,
females, and males after signing a consent form. The ethical
approval number (HA-02-J003) was obtained from King Fahad
Medical Research Center. All blood sample procedures were han-
dled following ethical standards.

2.2. DC preparation and LPS- and/or TNF-a treatment

DCs were generated as described in (Romani et al., 1996). Fresh
blood samples (typically 50 ml) were collected from healthy volun-
teers into ACD-A vacutainer tubes containing dextrose trisodium
citrate and citric acid (DB Vacutainer�, Canada). Blood samples
were mixed with Hanks’ balanced salt solution (HBSS: UFC Biotech,
KSA) at a 1:1 ratio. Diluted blood was then used to isolate periph-
eral blood mononuclear cells (PBMCs) in which 25 ml of diluted
blood was added to 10 ml of Lymphocyte Separation Medium
(Sigma–Aldrich�, UK) to obtain density gradient centrifugation at
room temperature (RT) for 30 min at 400xg without breakage.
The buffy coat layer was transferred by a sterilized transfer Pas-
teur pipette (Fisherbrand, USA) into new tubes and washed with
HBSS and then centrifuged at 1600 rpm for 10 min. at 4 �C. For
optimal lysis of RBCs, the collected pellet was treated with 25 ml
of RBCs lysis buffer and incubated for 10 min. at RT. PBMCs were
washed with HBSS and resuspended in RPMI 1640 medium (UFC
Biotech, KSA) supplemented with 10% fetal bovine serum (FBS),
1% penicillin–streptomycin (PS) (Gibco Life Technologies, USA),
and L-glutamine and distributed into 6 well plate (Falcon�, USA)
Monocyte cells were allowed to adhere for 2 h in 5% CO₂ at
37 �C. For DC differentiation, the cells were cultured with
100 ng/ml rh GM-CSF and 50 ng/ml rh IL-4 (R&D Systems, UK).
On day seven, iDCs were cultured for 48 h with 1 lg/mL LPS
(Sigma–Aldrich�, USA) in the absence or presence of 5 ng/ml rh
TNF-a (R&D, USA).

2.3. Microscopic analysis of DCs

Morphological changes were studied from day 1 to 9 of DC cul-
turing using (400�) magnification via an inverted microscope
(Nikon eclipse Ti-S, Tokyo, Japan).

2.4. Phenotypic analysis of DCs

DCs were collected at the end of the incubation period and trea-
ted first with an Fc blocker for 15 min. at RT. DCs were then incu-
bated for 30 min. on ice and in the dark with human monoclonal
antibodies (MoAbs) in different combinations: anti-CD11c-PE/
FITC, anti-CD83-APC-Cy7, anti-CD80-FITC, anti-CD86-PE-Cy7, anti-
CD14-APC-Cy7, anti-HLA-DQ-FITC, anti-HLA-E-PE-Cy7, anti-TIM-
3-PE and anti-Gal-9-APC.MoAbswere purchased from (BioLegend�,
San Diego, USA). Dead cells were excluded by staining with 7AAD.
Unstained control and stained samples were run on BD FACSAriaTM

III flow Cytometry (Becton Dickinson, USA). FlowJoTM version 10
software (Becton Dickinson, USA) was used for single cell analysis.

2.5. Statistical analysis

Statistical analyses were performed using GraphPad Prism 9.2.0
(Dotmatics, UK). A paired T test was used to compare TIM-3
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expression between untreated DCs and LPS-treated DCs. In addi-
tion, one-way ANOVA was used to compare TIM-3 expression
between the different DC treatments.
3. Results

3.1. Morphological analysis of LPS- and/or TNF-a-treated DCs

Cell morphology was monitored from day 1 until day 7 (Fig. 1A).
While the cells appeared as a single cell separated and scattered on
day 1, after the addition of 800 U/ml rh IL-4 and 500 U/ml rh GM-
CSF, they started to aggregate from day 2 onward. Cells were refed
Fig. 1. Morphological analysis of dendritic cells in the presence or absence of 1 lg/ml LPS
7. On day 7, cells were cultured in the presence and absence of 1 lg/ml LPS and/or 5 ng/m
(top left), treated with 1 lg/ml LPS (top right), treated with 5 ng/ml TNF-a (bottom left),
Photographed by inverted microscope (with magnifications of 400�). Immunology unit
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on day 4 or treated with 1 lg/ml lipopolysaccharide (LPS) and/or
5 ng/ml rhTNF-a on day 7 for 48 h. Fig. 1B shows the different mor-
phology of cells on day 9 without LPS or TNF-a (top left), treated
with 1 lg/mL LPS alone (top right), treated with 5 ng/ml TNF-a
alone (bottom left), and treated with both LPS and TNF-a (bottom
right). The morphology of DCs was observed by using an inverted
microscope. The results showed that iDCs appeared semi-rounded
and irregular in shape with short cytoplasmic projections and that
the cells were desegregated (Fig. 1B: Top left). Contrary to iDCs,
mature dendritic cells (mDCs) appeared as typical mature DC
shapes and were found to be aggregated in clusters (arrow in
Fig. 1B: top right), elongated (arrow in Fig. 1B: bottom left), more
and/or 5 ng/ml TNF-a. (A) Represents cell monitoring and feeding from day 1 to day
l TNF-a. (B) Shows microscopic images of cells on day 9 after left without treatment
treated with both (bottom right). Data are representative of 7 separate experiments.
, KFMRC, KAU.
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irregularly shaped with long cytoplasmic projections and an
increased number of dendrites (arrow in Fig. 1B: bottom right).
This finding indicates that treating cells with LPS and/or TNF-a
resulted in cell morphology that resembled mature DCs, as evi-
denced by the irregular, elongated, and aggregated clusters, unlike
the untreated cells, which presented rounded cells with short cyto-
plasmic projection as an immature cell morphology.
3.2. Phenotypic analysis of LPS- and/or TNF-a-treated DCs

To examine whether treating the cells with 1 lg/ml LPS
and/or 5 ng/ml TNF-a resulted in mDC, phenotypic character-
istics via flow cytometry were used following the gating strat-
egy shown in Fig. 2A. To obtain reliable staining data, an Fc
Fig. 2. Phenotypic analysis of LPS- and/or TNF-a- treated DCs. (A) Represents the gating s
cells. (B) Shows histograms of CD markers in which the grey histograms are the unstained
and +LPS and TNF-a- treated DCs respectively. DCs were either left untreated, or stimulate
separate experiments.
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blocker was added prior to staining with fluorescently labeled
antibodies to prevent nonspecific binding. The cells, singlets,
and live/dead staining were gated to exclude false positive
results from dead cells. Then, the stopping gate was set at
CD11c as a marker for DCs. DCs were analyzed for surface
expression of antigen presenting markers (MHC class I & II),
maturation markers (CD83), costimulatory markers (CD80,
CD86) and monocyte markers (CD14). The results in Fig. 2B
show that MHC class I & II, CD83, CD80 and CD86 were
upregulated in LPS- and/or TNF-a-treated DCs compared to
untreated DCs. In addition, CD14 is downregulated in LPS-
and/or TNF-a-treated DCs, unlike imDCs, which still express
CD14. This finding indicates that LPS and/or TNF-a induce
the maturation of DCs.
trategies used to collect the cells where the stopping gate are set on CD11c positive
control and the orange, blue, green and red histograms indicate -LPS, +LPS, +TNF-a
d with 1 lg/ml LPS and or 5 ng/ml TNF-a for 48 hrs. The data are representative of 4
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3.3. Expression of TIM-3 and Gal-9 on LPS- and/or TNF-a-treated DCs

TNF-a can induce the expression of TIM-3 on NK cells in vitro
(Zheng et al., 2019). To examine whether TNF-a can induce the
expression of TIM-3 on DCs in vitro, DCs were treated with LPS
and/or TNF-a in the last 48 h of culture. Interestingly, TIM-3
expression levels in the untreated cells were increased signifi-
cantly (P value <0.0001) compared with LPS-treated DCs cells.
Moreover, 90% of these untreated cells were TIM-3 positive
(Fig. 3A, C), whereas there were no discrepancies in the expression
of Gal-9 in all treated and untreated DCs cells (Fig. 3B).

4. Discussion

DCs have a vital role in priming anti-tumor T-cell immunity;
thus, they are considered a potential therapeutic target for cancer
immunotherapy (Kwiecień et al., 2021). Mature DCs present tumor
antigens on their surface and initiate anti-tumor immune
responses to activate CD8+ and CD4+ T cells (Zhang et al., 2020).
Mature DCs characterized by the expression of CD83 as a
Fig. 3. Expression of TIM-3 and Gal-9 on LPS- and/or TNF-a- treated DCs. (A) Shows rep
and +LPS and +TNF-a. (B) Represents the expression of Gal-9 on the same untreated and
represent unstained control. Data are representative of 3 separate experiments. (C) Show
test to compare untreated DCs with LPS-treated DCs. **** indicates significant levels of
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consequence of the addition of LPS in vitro (Morrissey et al.,
2020). In contrast, CD14 expression is linked to immature DCs
(Aldahlawi et al., 2020). Human leukocyte antigen DR (HLA-DR),
CD80, and CD86 surface markers are also increased on the surface
of DCs to guarantee that DCs can produce an efficient T-cell
response (Morrissey et al., 2020). The same observations are
reported in our study in which challenging DCs with LPS increased
the expression of CD80, CD83, and CD86 along with HLA-DR and
maintained CD14 in lower expression levels. The induction of
mature DCs in vitro relies on the treatment concentrations and
the exposure time of the LPS. This indicates that mature DCs can
be induced in vitro. However, within the TME, DC differentiation
can be controlled, and their longevity and function are affected
by TME factors and different TME cell types (Kwiecień et al.,
2021). In addition, the activation and maturation of DCs can also
be influenced by the local TME via the inhibition of the anti-
tumor response (Kwiecień et al., 2021; Peng et al., 2021).

Immune checkpoints contain inhibitory and stimulatory recep-
tors that regulate immune tolerance and immune responses
against tumors. One of the inhibitory checkpoints is TIM-3. The
resentative experiment on the expression of TIM-3 on untreated DCs, +LPS, +TNF-a
LPS and/or TNF-a DCs. Red histograms show stained cells, whereas grey histograms
s the combined results of the three experiments. Statistical analysis using paired t-
P value <0.0001.
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expression levels of TIM-3 are associated with CD8+ T-cell exhaus-
tion (Kwiecień et al., 2021; Jin et al., 2010; Jones et al., 2008;
Golden-Mason et al., 2009). Recently, it was found that TIM-3 is
also considered an exhaustion marker in CD8+ T cells of COVID-
19 patients (Shahbazi et al., 2021). Another study found that
TIM-3 inhibitory effect on anti-tumor immunity is related to its
effects on the NLR family pyrin domain containing 3 (NLRP3)
inflammasome activation in DCs rather than its effects on T cells
(Smith et al., 2021; Dixon et al., 2021). NLRP3 is a multimeric pro-
tein complex that releases pro-inflammatory cytokines (Yang et al.,
2019). Furthermore, co-expression of TIM-3 and PD-1 has been
linked to functionally drained NK cells in colon cancer tissues
(Zheng et al., 2019; Seo et al., 2017). Therefore, it is essential to
study the effect of TIM-3 on DCs to determine its effect on T-cell
anti-tumor immunity. It is also necessary to examine the immuno-
suppressive factors that can upregulate TIM-3 and its ligand Gal-9
on DCs.

Immune checkpoint inhibitors block checkpoint proteins from
binding with their ligands, activating T cells to destroy tumor cells.
The blockade of immune checkpoint receptors has massive poten-
tial to cure most cancer types, including lung, melanoma, Hodg-
kin’s lymphoma, and renal cancer (Monney et al., 2002). TIM-3 is
a T-cell inhibitory receptor (Fourcade et al., 2010), which is coreg-
ulated and co-expressed with other immune checkpoint receptors
such as PD-1 and Lag-3 on CD4+ and CD8+ T cells (Ngiow et al.,
2011). TIM-3 expression was also detected on the exhausted
CD8+ T cells in both solid and hematologic cancer (Stoitzner
et al., 2008). However, the role of TIM-3 in leukemia is still unclear.
Overexpression of TIM-3 in different cancer types is often associ-
ated with poor clinical outcomes and poor survival. A previous
study has induced the expression of TIM-3 on NK cells in vitro by
TNF-a. TNF-a is a member of the cytokine family with a multifunc-
tional role and is considered an essential factor secreted by the
tumor cells and the activated immune cells (Zheng et al., 2019).
TNF-a can stimulate the expression of TIM-3 on NK cells by acti-
vating NF-jB cascade. The results indicated that TIM-3 expression
on NK cells was blocked via an NF-jB inhibitor. This suggested that
the expression of TIM-3 was mediated by NF-jB (Zheng et al.,
2019). The NF-jB signaling pathways are important in the devel-
opment of DC maturation (Chen et al., 2021; Poligone et al.,
2002). In addition, TIM-3 signaling influences DC activation and
maturation, as it blocks the NF-jB pathway (Maurya et al., 2014).
Therefore, the inhibitory signaling of TIM-3 may correlate with
DCs in their immature state, as shown in our results. TIM-3 expres-
sion was upregulated in the immature state of DCs when DCs were
left without LPS and TNF-a treatment in vitro. Therefore, our study
demonstrated that TNF-a could not promote TIM-3 expression on
DCs in vitro. In addition, our data indicated that TNF-a acts syner-
gistically with LPS to maintain the absence of TIM-3 expression on
DCs. Several studies have linked overexpression of TIM-3 to a
mature cell state instead (Xu et al., 2017). In our study, mature
DCs lacked the expression of TIM-3 and could present antigens
through MHC-I and MHC-II molecules capable of priming CD4+

and CD8+ T cells. In a tumor-free microenvironment, hemopoietic
precursors produce progenitors, which differentiate into immature
DCs. When a danger antigen signal is expressed, immature DCs
undergo maturation to become able to produce specialized fighting
antigens during the encounter. However, differentiation of DCs is
often impaired within the TME, causing the increase of deficient
immature DCs (Stoitzner et al., 2008). For instance, tumor-
infiltrating DCs (TIDCs) were unable to produce tumor-derived
antigens and have hindered capabilities to stimulating the prolifer-
ation of tumor-specific CD4+ and CD8+ T cells. In our study, we
found that TIM-3 was expressed in immature DCs, indicating that
immature DCs in tumors have limited antigen-presenting and
inhibiting the priming of effective anti-tumor immunity via the
6

upregulation of TIM-3. Therefore, the existence of DCs in a mature
state not only maintains the primming of anti-tumor CD4+ and
CD8+ T cells by tumor antigens presented by DCs, but also causes
mature DCs not to present any inhibitory molecules such as TIM-3.

5. Conclusion

This study aims to examine whether TNF-a is able induce the
expression of TIM-3 and its ligand Gal-9 on DCs in vitro. Results
suggested that TNF-a and LPS either alone or in combination
induced the maturation of DCs in vitro and that the absence of both
caused DCs to maintain an immature state. This immature status of
DCs provoked the expression of TIM-3 in vitro. The present finding
indicates that TNF-a is unable to promote TIM-3 on DCs in vitro.
Therefore, the role of TIM-3 on DCs as well as the factors that
may upregulate it on DCs must be investigated further to improve
the efficacy of DCs in anticancer treatments. This study has some
limitations which include the different numbers of DCs generated
from monocytes between experiments. This is due to individuals’
variation that is unavoidable. Without the induction of TIM-3 in
DCs in vitro, it will be difficult to investigate the effect of TIM-
3+DCs on CD8+ and CD4+ in vitro. Therefore, using genetically mod-
ified DCs that express TIM-3 will be a future direction. An interest-
ing question to further be investigated is whether immunological
or pharmacological therapy in cancer patients can modify the ratio
of immunogenic versus regulatory DCs in the tumor microenviron-
ment to enhance tumor-specific responses in cancer patients. Fur-
ther work is needed to have a more in-depth insight into tumor
biology and the role of DC repertoire at different time points in
the tumor. Additionally, analysis of DCs and their correlation with
immune responses can help explain these issues, which can lead to
advanced and improved cancer immunotherapy approaches.
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