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Dendritic Cell-Based Immunotherapies and their Potential Use
in Colorectal Cancer Immunotherapy
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Dendritic cells (DCs) are professional antigen-presenting cells, which are resident or proliferating in organs. Major histocompatibility
complex (MHC) Class I and IT on DCs in normal steady conditions process and present antigens including cancer antigens. Many approaches
are used to enhance antigen presentation process of DCs and capture cancer cells. DCs are harvested from cancer patients and manipulated ex
vivo in DC-based cancer immunotherapy. In addition, DCs’ vaccines and other anticancer therapy combinations were discussed to optimize
DCs’ efficiency for cancer immunotherapy. This review addressed the use of the human conventional type-1 DCs, OX40" plasmacytoid
DCs, and DCs-derived exosomes. In addition, different combinations with DCs therapy such as combination with the monoclonal antibody,
cytokine-induced killer cells, adjuvants, chemotherapy (DCs-based chemoimmunotherapy), and nanoparticles were listed and explored for
their effectiveness against cancer, and mainly against colorectal cancer.
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INTRODUCTION

The second cause of death worldwide and the third most
common type of cancer is colorectal cancer (CRC). In
developed countries, the early detection of CRC enhances
the survival rate,["”! whereas the main problem of CRC is
the late discovery of the disease. In most of the cases, CRC
was discovered as metastatic CRC (mCRC), which has
been infiltrated to a near (i.e., liver) or far (i.e., lung and
brain) organs. The CRC metastatic nature increases the need
for treatments that have an affinity for multiple types of
cancers. Chemotherapeutic and immunotherapeutic agents’
development is encouraged for mCRC because of the CRC
metastatic nature. Current protocols for the mCRC (Stage III
and IV of CRC) included immunotherapy or chemotherapy
after surgery or radiotherapy.®3

Chemotherapy has taken an interest in the last two decades.
However, the un-selective chemotherapeutic nature leads to
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the need for more targeted treatments.# As a result, targeted
monoclonal antibodies (as a type of immunotherapy) have
increased the survival rate, which had become the standard
anticancer approach for many malignancies. In general,
accepted efficacies, good tolerance, and long duration of
effectiveness in gastrointestinal-related cancers such as CRC
were achieved by immunotherapies.*# In 2017, immune
checkpoint inhibitor (ICI) therapy was approved for mCRC
with heavy mutation and good immune cell infiltration.”! On
the other hand, ICIs are ineffective in the tumor of low tumor
mutation and the lack of immune cell infiltration. As a result,
the low level of mutations and lack of immune infiltration were
considered cancer immune resistance mechanisms.!®!

Instead, the use of the immune cells for cancer targeting
and removal approved its efficacy and uniqueness and could
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be achieved by chimeric antigen receptor T-cell therapy
and dendritic cell (DC) therapy.’-'3] DCs are proliferated
cells group, as bone marrow-derived leukocytes. Moreover,
DCs are the essential key players in the message delivered
between the innate and adaptive immune systems, as the
most potent antigen-presenting cells (APCs). In addition,
DCs are enhancers of the immune response and capable of
T-cell activation.[810-1214241 Ty this review, the mechanism and
efficiency of the human conventional type-1 DCs (cDC-1),
0X40" plasmacytoid DCs (pDCs), and DCs-derived exosomes
were discussed. In addition, different combinations with
DCs therapy such as combination with the monoclonal
antibody (mAb), cytokine-induced killer (CIK) cells,
adjuvants, chemotherapy (DC-based chemoimmunotherapy),
and nanoparticles (NPs) were listed and explored for their
effectiveness against cancer, especially against CRC.

Cancer RESISTANCE AND IMMUNOSURVEILLANCE

Cancer cells have multiple mechanisms for escaping immune
system recognition and surveillance. One of the immune
suppression techniques, as cancer resistance mechanisms,
is regulatory T-cell-mediated immunosuppression. As a
result, regulatory T-cell suppression is a target for cancer
immunotherapy. Cancer cell secretion for immune-inhibitory
cytokines will promote T-regulatory cells to inhibit cytotoxic
T-cell activation and increase the expression of inhibitory
surface molecules on DCs that are responsible for T-cell
inactivation. Then, T-regulatory cells can suppress T-helper
cells (CD4+). Afterward, they will not be able to recognize the
cancer-associated or specific antigens. In addition, the major
histocompatibility complex (MHC) Class I absence is another
cancer resistance mechanism that will not be recognized by
the cytotoxic T-lymphocytes. Moreover, immune checkpoint
molecules such as programmed death ligand (PD-L1)
overexpression on cancer cells will result in peripheral T-cell
inhibition.2%

DCs’ functions are to engulf, process, and present antigens
to T-cells to produce cytokines that will occur in the antigen,
pathogen-associated molecular patterns, or danger-associated
molecular patterns bindings.!">?¢28 Moreover, DCs can elicit
natural killer (NK) cells and NK T-cells.[''172%300 Al of the
DCs’ capabilities directed the research interests to develop their
vaccines conjugated with tumor antigens, which will initiate
the antitumor immune responses, overcome cancer resistance
mechanisms, and activate naive and memory T-cells. As a
thumb role, it is essential that DC vaccine efficiently present
a tumor antigen to initiate long-life antitumor responses. DC
vaccines and therapy were found to be safe and well tolerated
in the past two decades. Moreover, DCs combined with other
therapeutic approaches can result in more effective cancer
immunosurveillance approaches.’3101327 At the start, CRC
was found to be not immunogenic cancer, and immunotherapy
would not be efficient against CRC. In many studies, the
lymphocytic reaction was approved to be an essential
prognostic factor for CRC. DNA mismatch repair (MMR) gene

mutations are found in Lynch syndrome, the hereditary form of
CRC. MMR proteins function to correct single-base nucleotide
instability in the replication process. Deficient-MMR (dMMR)
genes have been associated with about 15% of sporadic CRC.
Moreover, dAMMR cancers overexpress genes specific to
cytotoxic lymphocytes. As a result of the MMR mechanism
deficiency and the antigens generated from the mutations, the
cell-mediated immunity can recognize the foreign antigens.
Sporadic CRC of dAMMR can be targeted by immunotherapy,
especially DC therapy.[>”

DenpRitic CELL-BASED IMMUNOTHERAPY FOR CANCER

To eradicate the tumor cells, cytotoxic T-cells and NK cells
are potent against tumor cells. The use of DCs, as APCs, helps
to potentiate the cell-mediated immunity of the cytotoxic
T-cells and NK cells.?** The immature DCs engulf antigens
in the peripheral tissues and present them to fulfill the antigen
presentation process and migrate to the secondary lymph
node to activate T-cells. DC maturation and expression of
co-stimulatory molecules (CD80 and CD86) were occurred
during the migration. Afterward, the mature DCs secretes
interleukin-12 (IL-12), IL-15, and IL-18 in lymph nodes for
T-cell activation. For eliciting adequate immune responses, DCs
carry processed antigens on the MHC Class I or II to the naive
cytotoxic T-cells (CD8+), or to the naive T-helper cells (CD4+),
respectively. On the other hand, the immune tolerance and a
decrease in the infiltrated cytotoxic T-cells can result from the
cancer cell secretion of transforming growth factor-f3 and IL-1.
1101321271 A a result, the specific antitumor immune response
development is the goal of cancer treatment and is referred to
as immunotherapy. Cancer immunotherapy includes active and
passive immunotherapy. Antibodies or immune cell (T-cells
and NK cells) therapy are passive or active immunotherapy,
respectively. These methods increase the immune cell activation
but cause adverse autoimmunity and toxicity due to the low
antigen specificity.””! As a result of the DC-specific activation
of NK cells and T-cells, the DC immunotherapy provides a good
standalone alternative or better combined with other therapeutic
approaches, as discussed in the following sections.

Human conventional type-1 dendritic cell therapy

There are currently four approaches to study DCs in CRC
immunotherapy. The endogenous DC-antigens and ex
vivo-generated DCs-tumor antigens conjugation are examples of
DC-based immunotherapy.”'3 For the ex vivo-generated DCs,
differentiated DCs were obtained from leukapheresis-isolated
CD14+ monocytes (MoDCs) and cultivated with granulocyte—
macrophage colony-stimulating factor (GM-CSF) and
IL 4 [Figure 11.19 In vitro, MoDCs are modulated with
the migration ability to lymph nodes and their production
capability of strong cytotoxic T-lymphocyte reactions.**! On
the other hand, the natural circulating DCs, which have meager
existence in the blood, are an essential cancer immunotherapy
tool with many advantages. Moreover, the DC vaccines have
a strong safety profile.[%? Interestingly, cDC1-deficient
animal models have reflected that these cells are of a central
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role in cancer immunotherapy.®®) The DC secretion of IL-12
enhances T-helper (Th1) cells’ polarization and the secretion of
interferon-gamma (IFN-y) to establish the antitumor immunity.
Afterward, Thl lymphocytes kill tumor cells and elicit the
antigen-specific cytotoxic T-cells’ development and proliferation
due to IL-21 and IL-2 secretions.® In addition, Th1 lymphocytes
activate the tumor-infiltrated macrophages. In conclusion, Th1l
lymphocytes establish long-term cytotoxic T-memory cells. On
the other hand, NK cell proliferation, cytolytic capacity, CD69
expression, and IFN-y production are stimulated by mature cDCs.
Finally, the DC requirements to be fulfilled for delivering a potent
antitumor vaccine comprise an efficient cross-presentation, IL-12
production, co-stimulatory molecules expression, and efficient
networking with NK cells for activation.!”

0X40+ plasmacytoid dendritic cell therapy

pDCs have roles in infection, autoimmunity, inflammation,
and cancer, which are known to produce IFN-c in high levels
after the activation of the toll-like receptors (TLRs) 7 and 9.
Moreover, TLR activation is due to the viral and endogenous
nucleic acid antigen binding. However, intertumoral pDCs
were found to promote some tumors with decreased IFN-o
and co-stimulatory cell surface molecules. Intertumoral
pDC use in these tumors mediates immunotolerance
through indoleamine 2,3-dioxygenase 1 and inducible
T-cell co-stimulatory ligand expressions.!'41%37381 On the
other hand, pDCs can enhance the cytotoxic T-lymphocytes
to elicit immune responses, which reflect their role in
antiviral immunity.®?! Similar to the tumor necrosis
factor (TNF)-receptor superfamily members, OX40" is a
T-cell expressed co-stimulatory molecule after antigenic
T-cell receptor excitation and T-cell stimulation.!
Interestingly, OX40" pDCs were immunophenotypically
and functionally distinct from their OX40-low equivalents
based on increased expression of cell surface maturation
markers. Besides, pDCs can elicit strong tumor-associated

Figure 1: Peripheral blood monocyte derived dendritic cells morphology
after 7 days of culture with interleukin-4 and granulocyte—-macrophage
colony-stimulating factor, Immunology Unit, King Fahad Medical Research
Center (KFMRC)

antigen-specific (TAA-specific) cytotoxic T-cell responses
after synergism with ¢DCs.['8401 In addition, TLRs
7 and 9 activations in response to TAA-specific can induce
the pDC immunostimulatory and tumor-killing functions to
accelerate the cancer cells apoptosis.?4!

Dendritic cell-derived exosome therapy

Exosomes are nanosized (30—120 nm) vesicles with
membrane-bound phospholipids, which are released by
cells to enable intercellular communication. In 1987,
exosomes’ early discovery was in the immature red blood
cells. Moreover, the exosomal contents can be proteins,
lipids, and nucleic acids of DNA, mRNA, siRNA, miRNAs,
and IncRNAs. Exosomes are carried in the same tissue of
neighboring cells or in the blood to be delivered for distant
target sites to modulate the cells’ physiological functions. In
addition, the immune responses, gene expression regulation,
signal transductions, and carcinogenesis can be controlled by
the exosomes.[*2-44]

Moreover, B-cells release antigen-specific MHC Class 11
inducting exosomes for T-cell response activation. On the
other hand, DC-derived exosomes (dexosomes or Dex)
were explored as a cancer vaccine alternative approach and
released by the immature and mature DCs.[***] Dex contains
antigen presentation molecules, including MHC Class I,
MHC Class II, co-stimulatory, and adhesion molecules. For
Dex preparation, the monocyte differentiation into immature
DCs with GM-CSF and IL-4 was followed by the mature
DCs induction in the presence of IFN-y and tumor-associated
antigenic loading peptides. Specifically, IFN-y induces
co-stimulatory molecules’ expression in DCs."*?) Moreover,
Dex associated with tumor peptide can control tumor growth in
an MHC and cytotoxic T-lymphocytes cell-dependent manner
by activating antigen-specific cytotoxic T-cells in vivo. As
a result, exosome-based cell-free vaccines showed to be an
important approach for suppressing tumor growth.**4 The
use of Dex was found to present maintenance immunotherapy
after chemotherapy cessation.

In addition, it was reported that Dex boosted the antitumor
activity of NK cells. On the other hand, Dex-TAAs
conjugation may broaden the human tumor’s coverage as
proteins conjugated to the Dex. Moreover, mutated TAAs
could improve T- and B-cell responses. However, Dex was
engineered to overexpress co-stimulatory molecules, carrying
TAAs or activation molecules coding mRNAs. In the same
context, the expression of ICIs on Dex must be quantified
and downregulated. Moreover, immune inhibitors of ICIs, as
a booster of antitumor T- and B-cell response, could be used
in combination with Dex. In addition, Dex with GM-CSF
combination therapy can induce antitumor cytotoxic T-cells
response. All the discussed approaches approve the Dex
efficiency and how combination therapy could alleviate future
clinical trials with Dex.[2°-3446]

Monoclonal antibody and dendritic cell therapy
Cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) and
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programmed cell death protein 1 (PD-1) are ICI molecules
that lead to the negative regulatory activity of cytotoxic
T-cells.??471 As previously discussed, tumors can escape
immunosurveillance, which induce T-cell inhibition and
immune tolerance. As a result, mAbs with DC therapy against
ICIs are among the most successful cancer immunotherapies.
Regarding the PD-1/PD-L1 inhibitors, pembrolizumab is
an interesting Ab example of this strategy. In this context,
stimulation of PD-1 in T-cells leads to the T-cells anergy or
apoptosis. In addition, many tumor types and mature DCs
are expressing PD-L1.2Y After the blockade of PD-L1 by
mAbs, the cytotoxic T-cell activation can be induced by DCs
and shifting the cytokine profile from IL-10 secretion by
Thl 2 cells to an IL-12 by Th1 cells. Synergistic effects can
result from the combination of mAbs against PD-1 with DC
therapy.?'** On the other hand, the PD-L1 or PD-L2 inhibition
on DCs leads to the tumor-specific cytotoxic T-cells and Thl
cell activations, the secretion of IFN-y enhancement, tumor
TNF-a, IL-2, IL-5, and IL-12 secretions, and the tumor cells
cytolysis facilitation.?34748]

In this context, ipilimumab and tremelimumab are anti-CTLA-4.
CTLA-4 can inhibit CD28 and prevent the activation of naive
T-cells. However, the combination of DC therapy and mAbs
is more effective than ipilimumab and tremelimumab as
monotherapies.[*! Additionally, DCs co-stimulatory molecules
and MHC class I down regulations, and the NK cells inhibition
were results of IL-10 secretions from the T-regulatory cells or
cancer cells. The combination between anti-IL-10 mAb, such
as rituximab, with ¢cDC vaccine enhances the NK responses
and decreases the tumor growth.?”

Dendritic cell and cytokine-induced killer cell combination
CIK cells are one subset of NK-T lymphocytes, proliferated
ex vivo after adding IL-2, OKT-3 antibody, and IFN-y to
enhance their antitumor activities, proliferation, and cytotoxic
function, also prevent the generation of T-regulatory cells.
The CIK cells were recognized as safe and not restricted to the
MHC molecule for their activation. CIK cells act as an effective
antitumor cell, making them good therapeutic agents for cancer
immunotherapy.l''*? Immunological or genetic engineering
techniques can improve the cytotoxicity of CIK cells and their
treatment efficacy against cancer. The T-cells (CD3" CD56"),
NK-T cells (CD3* CD56), and NK cells (CD3~ CD56") are of
the CIK cell members. The CIK cells of CD3" CD56"-phenotype
present higher granzyme concentrations, which will lead to
better cytotoxicity and antitumor activities than the other
CIK cell members.[1%3%321 Furthermore, CIK cells can detect
and eliminate cancer targets without first priming, which can
proliferate extensively. In addition, CIK cells are approved
to be more effective than lymphokine-activated killer cells
as cancer cytotoxic cells by apoptosis induction. Due to the
high proliferation of the CD* CD56*-CIK phenotype and
lower toxicity, the CIK cells received attention in the cancer
immunotherapeutic.l'>*% On the other hand, the DCs and CIK
cells combined with no specificity against a tumor antigen results
in better targeting of antigens and cancer removal because of

DCs’ capability to present tumor antigen. Thus, DCs compensate
CIK cells’ lack of tumor antigen specificity.t!!*!6175% Besides,
NK or CIK cell-mediated tumor death’s cell debris gives DCs
the tumor antigens and improves the DCs’ presentation to Thl
and cytotoxic T-cells.'" As a result, the NK or CIK cells and
DCs inter-relation are unique, essential to cell signaling. In
conclusion, when NK or CIK cells are activated, they trigger
the DC maturation and eliminate the immature DCs to reduce
the tolerogenic reactions.’” Furthermore, DC-CIK co-culture
was able to ameliorate the lymphopenia and eliminate cancer
to trigger apoptosis without inflammation. Finally, the DC-CIK
co-culture had improved safety and was able to minimize the
adverse events associated with chemotherapy.[!133-30.323511

Dendritic cell-adjuvant combination

Adjuvants are the immune reaction enhancer molecules
against a vaccine antigen, which elicit the humoral or cellular
immunity modulators toward antigens. The use of adjuvants
results in intensification of the immune response to stimulate
DC function when antigens are not immunogenic enough.
Some polysaccharides, such as alginate and chitosan,
are considered adjuvant-like polymers."* As a result
of adjuvant activation for TLR signaling, DC maturation
has occurred, enhancing MHC Class I and II molecule
expression. Moreover, the use of adjuvants as TLR ligands
on DCs was resulting in Th1 cells, cytotoxic T-cells, NK cell
activations, IFNs production enhancement, immune cells
migration augmentation in response to chemokine receptor
7 ligand, IL-2, pro-inflammatory cytokine secretions, and
stimulation of humoral response.’* Moreover, TLR-adjuvant
examples are imiquimod, CpG oligodeoxynucleotides, and
polyinosinic—polycytidylic acid. Imiquimod is a ligand for
TLR7and TLRS. On the other hand, CpG oligodeoxynucleotides
are ligands for TLR9, and polyinosinic—polycytidylic acid can
adjoin to TLR3 or helicases.[%:13:21:2337.39]

Dendritic cells-based chemoimmunotherapy

Chemotherapy is a well-known approach to eradicate
and eliminate cancer cells. However, chemotherapy has
multiple immunological effects that are in-selective, such as
immunogenic cell death of cancer cells. Thus, chemotherapy
leads to antitumor immunity enhancement. Unfortunately,
chemotherapy reduces immune responses for long-term
treatment and leads to lower immunotherapy response.'*>>% On
the other hand, immunotherapy and chemotherapy combination
leads to a synergism. Moreover, the relapse of tumor-induced
immunosuppression, which results in lymphopenia, can be
compensated using the chemotherapy and immunotherapy
combination to enhance the antitumor effector cells and inhibit
T-regulatory cells.’! Cyclophosphamide, temozolomide, and
gemcitabine, as chemotherapeutics, cause cancer cells to be
prone to death by antitumor immunity. However, they lead
to transient lymphopenia in high doses. Compared to the
cyclophosphamide monotherapy, the drug administration
before DC therapy or simultaneous to its use resulted in a
decrease of the T-regulatory cells and increased T-cells in
the previous studies. Thus, T-regulatory cell depletion upon
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using lower doses of cyclophosphamide enhances DC-therapy
effectiveness, depending on the tumor type and DC used. In
addition, this combination can decrease the dose needed for
the cyclophosphamide and enhance the DCs’ efficacy. Finally,
DC-based chemoimmunotherapy is a vital management
mode].[7,8,10,26,55]

Nanoparticles-dendritic cells carrier for immunotherapy
Macrophage and immature DCs residing in peripheral tissues
captured NPs in human blood and lymph, which can change
these cells’ functions. The NP use to control DC functions
in cancer immunotherapy was achieved because of the NPs
physicochemical properties that encourage their use for both
ex vivo and in vivo DC manipulations. DC maturation, homing
capability, antigen processing, and presentation which induce
T-cell differentiation are gained with the NP use as a novel DC
targeting tool. In some NP-mediated targeting approaches, NPs
can activate cytotoxic T-cells and cancer-killing molecules,
which can be used as an efficient vaccine adjuvant for
cancer.’*571 Moreover, the modulation of NPs’ particular
properties (specific size, shape, and composition) is needed to
optimize the DC targeting for cancer. For instance, NP-antigen
conjugates, which are identified by specific receptors, are
formulated of antigens encapsulated within NPs. In addition,
NPs can be used to protect the antigen or can be used to be
recognized by specific receptors for selective binding and
action. Moreover, NP conjugation with polysaccharides,
peptides, antibodies, and drugs, which bind to a protein on
the target cell, can cause-specific DC recognition. Thus, this
NP-DC combination leads to enhanced localization of DC
action. Furthermore, targeting DCs by cellular uptake can be
achieved by the NP endocytosis or pinocytosis. As a result, this
approach can activate safe, effective, and specific antitumor
responses. In conclusion, NPs, such as alginate or chitosan
NPs, can be used to encapsulate antigens, ligands, and DCs
to increase the immunotherapy selectivity to a specific type
of cancer.[%%!

CororecTAL Cancer-DenpriTic CELLS
IMMUNOTHERAPY

In sporadic CRC patients, immune cells’ levels are considered
a strong prognostic tool for the disease progress. Thus, the
use of cDCs, Dex, DC-adjuvant combination, DC-based
chemoimmunotherapy, and DC-CIK has been encouraged for
CRC management to decrease the adverse events for CIK or
chemotherapy alone therapies and increase the cancer cells
specificity. In addition, cDCs, Dex, DC-adjuvant combination,
DC-based chemoimmunotherapy, and DC-CIK are known for
recognizing multiple types of cancers, especially in the late
stages of CRC when the cancer is metastasized to many organs.
However, NP and DC combination is a promising approach
for CRC management.!:21-23.2527]

CoNCLUSIONS

In DC-based immunotherapy, rational combination therapies,

as previously discussed, can be inducted to mask the DCs or
the other therapy disadvantages and improve overall efficiency.
The use of DC-cancer immunotherapy stimulates effector
T-cells, which is with the matured and active DCs. Thus, the
use of dex, mAb, CIK cells, chemotherapy, and NP targeting
were combined with DC therapy and found to enhance
DC maturation and activity and trigger a broad antitumor
activity. In addition, several challenges must be encountered
to improve DC-based cancer immunotherapy efficiency and
clinical outcome. The synergistic immunotherapies choice, the
selection of adjuvants, route of administration, the NP type,
and formulation method and the different treatment times are
examples of these challenges. The cancer immunotherapy
future depends on achieving two goals, which are inhibiting
tumor-induced immunosuppression and activating the
antitumor immunity.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A.
Global cancer statistics 2018: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin
2018;68:394-424.

2. Picard E, Verschoor CP, Ma GW, Pawelec G. Relationships between
immune landscapes, genetic subtypes and responses to immunotherapy
in colorectal cancer. Front Immunol 2020;11:369.

3. Samstein RM, Lee CH, Shoushtari AN, Hellmann MD, Shen R,
Janjigian YY, et al. Tumor mutational load predicts survival after
immunotherapy across multiple cancer types. Nat Genet 2019;51:202-6.

4. Edwards BK, Ward E, Kohler BA, Eheman C, Zauber AG,
Anderson RN, et al. Annual report to the nation on the status of
cancer, 1975-2006, featuring colorectal cancer trends and impact of
interventions (risk factors, screening, and treatment) to reduce future
rates. Cancer 2010;116:544-73.

5. André T, Overman M, Lonardi S, Aglietta M, McDermott R, Wong
KYM, et al. Analysis of tumor PD-L1 expression and biomarkers in
relation to clinical activity in patients (pts) with deficient DNA mismatch
repair (AMMR)/high microsatellite instability (MSI-H) metastatic
colorectal cancer (mCRC) treated with nivolumab (NIVO)+ipilimumab
(IPI): CheckMate 142. Ann Oncol 2017;28:163.

6. Wei SC, Duffy CR, Allison JP. Fundamental mechanisms of immune
checkpoint blockade therapy. Cancer Discov 2018;8:1069-86.

7. Calmeiro J, Carrascal M, Gomes C, Falcdo A, Cruz MT, Neves BM.
Biomaterial-based platforms for in situ dendritic cell programming
and their use in antitumor immunotherapy. J Immunother Cancer
2019;7:238.

8. Cancel JC, Crozat K, Dalod M, Mattiuz R. Are conventional type 1
dendritic cells critical for protective antitumor immunity and how?
Front Immunol 2019;10:9.

9. Conrad C, Gregorio J, Wang YH, Ito T, Meller S, Hanabuchi S, ef al.
Plasmacytoid dendritic cells promote immunosuppression in ovarian
cancer via ICOS costimulation of Foxp3(+) T-regulatory cells. Cancer
Res 2012;72:5240-9.

10. Constantino J, Gomes C, Falcao A, Cruz MT, Neves BM. Antitumor
dendritic cell&#x2013;based vaccines: Lessons from 20&#xa0;years of
clinical trials and future perspectives. Translat Res 2016;168:74-95.

11. Du H, Yang J, Zhang Y. Cytokine-induced killer cell/dendritic cell
combined with cytokine-induced killer cell immunotherapy for treating
advanced gastrointestinal cancer. BMC Cancer 2020;20:357.

.Journal of Microscopy and Ultrastructure | Volume 10 | Issue 3 | July-September 2022 111




13.

14.

15.

17.

18.

19.

20.

21.

22.

23.
24.
25.

26.

27.

28.
29.
30.
31.
32.
33.

34.

35.

36.

Aldahlawi and Abdullah: Dendritic cell-colorectal cancer immunotherapy

. LiC, Zhu D, Zhao Y, Guo Q, Sun W, Li L, et al. Dendritic cells therapy

with cytokine-induced killer cells and activated cytotoxic T cells
attenuated Th2 bias immune response. Immunol Invest 2020;49:522-34.
Palucka K, Banchereau J. Dendritic-cell-based therapeutic cancer
vaccines. Immunity 2013;39:38-48.

Bi E, Li R, Bover LC, Li H, Su P, Ma X, et al. E-cadherin expression
on multiple myeloma cells activates tumor-promoting properties in
plasmacytoid DCs. J Clin Invest 2018;128:4821-31.

Del Prete A, Sozio F, Barbazza I, Salvi V, Tiberio L, Laffranchi M,
et al. Functional role of dendritic cell subsets in cancer progression and
clinical implications. Int J Mol Sci 2020;21:11.

. Hu W, Wang G, Huang D, Sui M, Xu Y. Cancer immunotherapy based

on natural killer cells: Current progress and new opportunities. Front
Immunol 2019;10:1205.

Pampena MB, Levy EM. Natural killer cells as helper cells in dendritic
cell cancer vaccines. Front Immunol 2015;6:13.

Poropatich K, Dominguez D, Chan WC, Andrade J, Zha Y, Wray B, et al.
0X40+ plasmacytoid dendritic cells in the tumor microenvironment
promote antitumor immunity. J Clin Invest 2020;130:3528-42.

Reizis B. Plasmacytoid dendritic cells: Development, regulation, and
function. Immunity 2019;50:37-50.

Rossowska J, Anger N, Kicielinska J, Pajtasz-Piasecka E,
Bielawska-Pohl A, Wojas-Turek J, et al. Temporary elimination of IL-10
enhanced the effectiveness of cyclophosphamide and BMDC-based
therapy by decrease of the suppressor activity of MDSCs and activation
of antitumour immune response. Immunobiology 2015;220:389-98.
Sadeghzadeh M, Bornehdeli S, Mohahammadrezakhani H,
Abolghasemi M, Poursaei E, Asadi M, et al. Dendritic cell therapy in
cancer treatment; the state-of-the-art. Life Sci 2020;254:117580.
Tokhanbigli S, Asadirad A, Baghaei K, Piccin A, Yarian F,
Parsamanesh G, ef al. Dendritic cell-based therapy using LY6E peptide
with a putative role against colorectal cancer. Immunotargets Ther
2020;9:95-104.

van Gulijk M, Dammeijer F, Aerts JGJV, Vroman H. Combination
strategies to optimize efficacy of dendritic cell-based immunotherapy.
Front Immunol 2018;9:2759.

Zhang X, Zheng P, Prestwood TR, Zhang H, Carmi Y, Tolentino LL, ez al.
Human regulatory dendritic cells develop from monocytes in response to
signals from regulatory and helper T cells. Front Immunol 2020;11:1982.
Ganesh K, Stadler ZK, Cercek A, Mendelsohn RB, Shia J, Segal NH,
et al. Immunotherapy in colorectal cancer: Rationale, challenges and
potential. Nat Rev Gastroenterol Hepatol 2019;16:361-75.

Anguille S, Smits EL, Lion E, van Tendeloo VE, Berneman ZN. Clinical
use of dendritic cells for cancer therapy. Lancet Oncol 2014;15:¢257-67.
Kirkwood JM, Butterfield LH, Tarhini AA, Zarour H, Kalinski P,
Ferrone S. Immunotherapy of cancer in 2012. CA Cancer J Clin
2012;62:309-35.

Kunimasa K, Goto T. Immunosurveillance and immunoediting of lung
cancer: Current perspectives and challenges. Int J Mol Sci 2020;21:2.
Rezvani K, Rouce R, Liu E, Shpall E. Engineering natural killer cells for
cancer immunotherapy. Mol Ther 2017;25:1769-81.

Zhang C, Hu Y, Shi C. Targeting natural killer cells for tumor
immunotherapy. Front Immunol 2020;11:60.

Chatani PD, Yang JC. Mutated RAS: Targeting the “Untargetable” with
T Cells. Clin Cancer Res 2020;26:537-44.

Jewett A, Kos J, Kaur K, Safaei T, Sutanto C, Chen W, et al. Natural
killer cells: Diverse functions in tumor immunity and defects in
pre-neoplastic and neoplastic stages of tumorigenesis. Mol Ther
Oncolytics 2020;16:41-52.

Sur D, Havasi A, Cainap C, Samasca G, Burz C, Balacescu O, et al.
Chimeric antigen receptor T-cell therapy for colorectal cancer. J Clin
Med 2020;9:1.

Xie G, Dong H, Liang Y, Ham JD, Rizwan R, Chen J. CAR-NK
cells: A promising cellular immunotherapy for cancer. EBioMedicine
2020;59:102975.

Wimmers F, Schreibelt G, Skold AE, Figdor CG, De Vries 1J. Paradigm
shift in dendritic cell-based immunotherapy: From in vitro generated
monocyte-derived DCs to naturally circulating DC subsets. Front
Immunol 2014;5:165.

Haabeth OA, Tveita AA, Fauskanger M, Schjesvold F, Lorvik KB,

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

SI.

52.

53.

54.

55.

56.

Hofgaard PO, et al. How Do CD4(+) T cells detect and eliminate tumor
cells that either lack or express MHC class II molecules? Front Immunol
2014;5:174.

Labidi-Galy SI, Sisirak V, Meeus P, Gobert M, Treilleux I, Bajard A,
et al. Quantitative and functional alterations of plasmacytoid dendritic
cells contribute to immune tolerance in ovarian cancer. Cancer Res
2011;71:5423-34.

Sisirak V, Vey N, Goutagny N, Renaudineau S, Malfroy M, Thys S, et al.
Breast cancer-derived transforming growth factor-f§ and tumor necrosis
factor-o. compromise interferon-o. production by tumor-associated
plasmacytoid dendritic cells. Int J Cancer 2013;133:771-8.

Nierkens S, den Brok MH, Garcia Z, Togher S, Wagenaars J, Wassink M,
et al. Immune adjuvant efficacy of CpG oligonucleotide in cancer
treatment is founded specifically upon TLRY function in plasmacytoid
dendritic cells. Cancer Res 2011;71:6428-37.

Aspord C, Leccia MT, Charles J, Plumas J. Plasmacytoid dendritic
cells support melanoma progression by promoting Th2 and regulatory
immunity through OX40L and ICOSL. Cancer Immunol Res
2013;1:402-15.

Drobits B, Holcmann M, Amberg N, Swiecki M, Grundtner R,
Hammer M, et al. Imiquimod clears tumors in mice independent of
adaptive immunity by converting pDCs into tumor-killing effector cells.
J Clin Invest 2012;122:575-85.

Bracci L, Lozupone F, Parolini I. The role of exosomes in colorectal
cancer disease progression and response to therapy. Cytokine Growth
Factor Rev 2020;51:84-91.

ChenL,LuD, SunK, XuY, HuP, Li X, et al. Identification of biomarkers
associated with diagnosis and prognosis of colorectal cancer patients
based on integrated bioinformatics analysis. Gene 2019;692:119-25.
Mannavola F, Salerno T, Passarelli A, Tucci M, Interno V, Silvestris F.
Revisiting the role of exosomes in colorectal cancer: Where are we
now? Front Oncol 2019;9:521.

Tian H, Li W. Dendritic cell-derived exosomes for cancer
immunotherapy: Hope and challenges. Ann Transl Med 2017;5:221.
Wang C, Lu Y, Chen L, Gao T, Yang Q, Zhu C, et al. Th9 cells are
subjected to PD-1/PD-L1-mediated inhibition and are capable of
promoting CD8 T cell expansion through IL-9R in colorectal cancer. Int
Immunopharmacol 2020;78:106019.

Koulouridi A, Messaritakis I, Gouvas N, Tsiaoussis J, Souglakos J.
Immunotherapy in solid tumors and gut microbiota: The correlation-a
special reference to colorectal cancer. Cancers (Basel) 2020;13:2.
Hamid O, Robert C, Daud A, Hodi FS, Hwu WJ, Kefford R, et al. Safety
and tumor responses with lambrolizumab (anti-PD-1) in melanoma. N
Engl J Med 2013;369:134-44.

Wolchok JD, Kluger H, Callahan MK, Postow MA, Rizvi NA, Lesokhin
AM, et al. Nivolumab plus ipilimumab in advanced melanoma. N Engl
J Med 2013;369:122-33.

Sheppard S, Schuster IS, Andoniou CE, Cocita C, Adejumo T,
Kung SK, et al. The murine natural cytotoxic receptor NKp46/NCR1
controls TRAIL protein expression in NK cells and ILCls. Cell Rep
2018;22:3385-92.

Tang YP, Xie MZ, Li KZ, Li JL, Cai ZM, Hu BL. Prognostic value
of peripheral blood natural killer cells in colorectal cancer. BMC
Gastroenterol 2020;20:31.

Li Y, Wang S, Sun Y, Xu W, Zheng H, Wang Y, er al. Apple
polysaccharide protects ICR mice against colitis associated colorectal
cancer through the regulation of microbial dysbiosis. Carbohydr Polym
2020;230:115726.

Sun Y, Diao F, Niu Y, Li X, Zhou H, Mei Q, et al. Apple
polysaccharide prevents from colitis-associated carcinogenesis
through regulating macrophage polarization. Int J Biol Macromol
2020;161:704-11.

Yin M, Zhang Y, Li H. Advances in research on immunoregulation of
macrophages by plant polysaccharides. Front Immunol 2019;10:145.
Ciardiello D, Vitiello PP, Cardone C, Martini G, Troiani T, Martinelli E,
et al. Immunotherapy of colorectal cancer: Challenges for therapeutic
efficacy. Cancer Treat Rev 2019;76:22-32.

Mi Y, Hagan CT 4% Vincent BG, Wang AZ. Emerging nano-/
microapproaches for cancer immunotherapy. Adv Sci (Weinh)
2019;6:1801847.

Journal of Microscopy and Ultrastructure | Volume 10 | Issue 3 | July-September 2022 -




57.

58.

Aldahlawi and Abdullah: Dendritic cell-colorectal cancer immunotherapy

Yang P, Lu C, Qin W, Chen M, Quan G, Liu H, et al. Construction
of a core-shell microneedle system to achieve targeted co-delivery of
checkpoint inhibitors for melanoma immunotherapy. Acta Biomater
2020;104:147-57.

Canepa C, Imperiale JC, Berini CA, Lewicki M, Sosnik A, Biglione MM.
Development of a drug delivery system based on chitosan nanoparticles

59.

for oral administration of interferon-o.. Biomacromolecules
2017;18:3302-9.

Carroll EC, Jin L, Mori A, Mufioz-Wolf N, Oleszycka E, Moran HBT,
et al. The vaccine adjuvant chitosan promotes cellular immunity via
DNA Sensor cGAS-STING-dependent induction of type I interferons.

Immunity 2016;44:597-608.

.Journal of Microscopy and Ultrastructure | Volume 10 | Issue 3 | July-September 2022

113




