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Abstract: Cancer stem cells (CSCs) are a small subpopulation of cells within tumors with properties,
such as self-renewal, differentiation, and tumorigenicity. CSCs have been proposed as a plausible
therapeutic target as they are responsible for tumor recurrence, metastasis, and conventional therapy
resistance. Selectively targeting CSCs is a promising strategy to eliminate the propagation of tumor
cells and impair overall tumor development. Recent research shows that several immune cells
play a crucial role in regulating tumor cell proliferation by regulating different CSC maintenance or
proliferation pathways. There have been great advances in cellular immunotherapy using T cells,
natural killer (NK) cells, macrophages, or stem cells for the selective targeting of tumor cells or CSCs
in colorectal cancer (CRC). This review summarizes the CRC molecular profiles that may benefit from
said therapy and the main vehicles used in cell therapy against CSCs. We also discuss the challenges,
limitations, and advantages of combining conventional and/or current targeted treatments in the late
stages of CRC.
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1. Introduction

Cancer malignancy relates to tumor heterogeneity, and it has been suggested that it
is driven by a minor subpopulation of cells called cancer stem cells (CSC) [1,2]. CSCs are
a small subpopulation of cancer cells that can self-renew, differentiate, and start tumor
growth, thereby mediating drug resistance and cancer progression, resulting in supporting
tumor recurrence and distant metastasis [3–5]. Furthermore, CSCs can differentiate into
different cell populations with a high plasticity potential, they have a high resistance to
stressful conditions in the tumor microenvironment (TME), they can induce cell death by
chemotherapeutic agents [6], and have the ability to invade healthy tissues. All of these
characteristics are related to tumor progression, metastasis, and resistance to antitumoral
therapies [1,7].

Surgery, radiotherapy, and chemotherapy are conventional treatments. Surgery can
successfully remove cancer masses from the body, while combining radiotherapy with
chemotherapy can effectively lead to better results for treating numerous types of cancer [7].
Nevertheless, even when conventional cancer treatments target the bulk of the tumor,
they cannot eliminate CSCs responsible for metastasis and tumor recurrence. Therapeutic
alternatives to chemotherapy and surgery, such as cell therapy against CSCs, have yielded
results in recent years. CSCs’ surface markers are well characterized, making possible the
creation of bio-targeted therapies.
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Cell therapy is a promising option in bio-directed cell-targeted therapies against CSCs,
particularly with modified cells that enhance the interactions and mechanisms related to
the eradication of CSCs. These cellular therapies against CSCs work in different ways: (i)
they can release factors that modulate and regulate the TME and enhance the suppression
of cancer cells [8] through the activation or inhibition of some signaling pathways; (ii) they
can act as a cell-targeted delivery system for anticancer drugs [9], and (iii) they can induce
cell apoptosis through the receptor-binging union.

In this review, we analyze the different cell types, such as T cells, NK cells, macrophages,
and stem cells, based on current immunotherapy approaches, compare their advantages
and disadvantages, and evaluate the main targeting against CSCs in clinical trials in ad-
vanced CRC.

2. Specific Targets Used in CRC Cell Therapy with Potential Antitumoral Effect
against CSCs

There are specific targets in CSCs that can be used as therapeutic targets, such as CD44,
CD133, CD24, and ALDH; however, these markers are not frequently used in cell therapy
because they are commonly expressed in normal stem cells. Among other disadvantages,
they only represent a low percentage within the tumor and have variable expression
during the disease stages and after chemotherapy or radiotherapy. CRC targets have been
proposed as an attractive cell therapy strategy and stand out due to overexpression in
tumor tissues compared to healthy tissue, and recently to target pathways or the activity of
CSCs (Figure 1). Some of the most prominent are:
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Figure 1. Cancer stem cell surface markers and their antitumoral mechanisms. EGFR = epidermic
growth factor receptor; PI3K = Phosphatidylinositol 3 kinase; AKT = protein kinase B; HER2 = human
epidermal growth factor receptor 2; ERK = extracellular signal-regulated kinases; RSK = riboso-
mal S6 kinase; EpCAM = epithelial cell adhesion molecule; EpEX = EpCAM extracellular domain;
EpICD = EpCAM intracellular domain; FHL2 = four and a half LIM domains protein 2; DR4/5 = death
receptor 4/5; TAF1 BETA = TATA-box binding protein associated factor 1; NKG2R = natural killer
group 2 receptor; NKG2L = natural killer group 2 ligand; MUC-1 = mucin 1; HIF-α = hypoxia-
inducible factor; STAT1 = signal transducer and activator of transcription 1.

EGFR is a transmembrane glycoprotein belonging to the protein kinase superfamily
activated by ligand binding, that causes receptor dimerization and activates multiple
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pathways that leads to gene activation for cell survival, proliferation, and differentiation.
It is also related to functions of metabolism and affects autophagy. Some reports suggest
that it can sensitize CSCs to apoptosis by chemotherapy (5FU) after treatment with EGFR
monoclonal antibody. [10] An in vivo model showed that anti-EGFR therapy can affect CSC
numbers and counteract the chemotherapy-induced CSCs’ expansion [11]. EGFR inhibitors
suppressed proliferation and induced apoptosis of CSCs by inhibiting autophosphorylation
of EGFR and downstream signaling proteins, such as Akt kinase and extracellular signal-
regulated kinase 1/2 (ERK 1/2) (Figure 1) [12].

HER2 is a non/ligand-binding member of the EGFR family. It homodimerizes or
heterodimerizes with other EGFR family members (HER1/EGFR, HER3, HER4), induc-
ing the transphosphorylation of the intracytoplasmic tyrosine kinase domain and acti-
vation of a variety of downstream signal transduction pathways (e.g., RAS/RAF/ERK,
PIK3K/AKT/mTOR, JAK/STAT3). The overexpression of HER2 causes hyperactivation
of mitogenic signals, resulting in uncontrolled cell proliferation and cancer. HER2 am-
plification and protein overexpression can be identified in approximately 6% of CRC
patients [13–17]; both HER-2 and HER-3 are overexpressed in liver metastasis in CRC
patients (8% and 75%, respectively) [18] HER2 amplification most commonly occurs in
the rectum and has been linked to the resistance of EGFR-targeted therapy and lower
overall survival compared to HER2 wild-type CRC [19,20]. Early onset research in the
area determined that the expression of the markers CD24, CD44, ALDH, and regulated
epithelial-mesenchymal transition (EMT) is seen in the presence of HER2 blockage in breast
cancer [21]. HER2-overexpressing gastric cancer cells exhibited increased stemness and
invasiveness and were regulated by Wnt/β-catenin signaling [22].

The epithelial cell adhesion molecule (EpCAM) is a type I transmembrane glycopro-
tein expressed mostly in the basolateral membrane of normal epithelial cells [23]. Under
normal conditions, EpCAM is involved in cell-cell adhesion and the regulation of differen-
tiation in progenitor and embryonic stem cells; however, in the context of cancer, EpCAM
overexpression is related to increased cell proliferation, migration, invasion, and tumor
metastasis [23,24]. Although it has been shown to be overexpressed in a wide variety of
epithelial tumors, EpCAM seems to be associated with a poor prognosis in certain cancer
types (colorectal, breast, prostate, gallbladder, ovarian, bladder, pancreas, and adenoid cys-
tic carcinomas). EpCAM has been reported as a marker of better prognosis in other tumors
(esophageal, renal, gastric, endometrial, thyroid, and head-and-neck carcinomas) [25]. In
CRC, EpCAM is overexpressed in over 90% of all cancer cells [24]. The EpCAM neutralizing
antibody exhibited antitumor effects via inhibiting the nuclear translocation of EpICD/β-
catenin complexes and induced apoptosis in colon cancer cells (Figure 1) [26]. EpCAM is
expressed in both healthy and cancer tissues; however, it is usually overexpressed in cancer-
ous tumors derived from epithelial tissues [26]. Based on this fact, immunotherapies have
been developed using monoclonal antibodies against EpCAM. To increase the efficacy and
specificity of EpCAM treatment, combinatorial approaches have been developed, where
the EpCAM antibody is fused with another anticancer molecule that targets a different
cancer receptor/ligand, and improves the specificity for cancer cells, such as catumaxomab
(Removab), which combines anti-CD33 antibody and anti-EpCAM antibody, and increases
the specificity of the therapy [26,27]. Lastly, most therapies are locally infused to reduce the
damage to healthy tissue.

Mucin 1 (MUC-1) is a heterodimeric transmembrane glycoprotein. Its function is
related primarily with the formation of a physical barrier to lubricate and protect normal
epithelial tissues and mediate signal transduction [26]. It is upregulated in response to
inflammation, and is aberrantly overexpressed in diverse types of cancer [27,28]. The MUC1
molecule consists of an N-terminal subunit (MUC1-N) and C-terminal transmembrane
subunit (MUC1-C) [29]. MUC1 can act as a cell surface antigen to colorectal CSC [30]
resistance and angiogenesis of tumor development. Recent studies have supported a
previously unreported function for MUC1-C in activating PRC2 and PRC1 in cancer cells.
In the regulation of PRC2, MUC1-C drives the transcription of the EZH2 gene, binds
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directly to EZH2, and enhances the occupancy of EZH2 on target gene promoters with
an increase in H3K27 trimethylation. Regarding PRC1, which is recruited to PRC2 sites
in the hierarchical model, MUC1-C induces BMI1 transcription, forms a complex with
BMI1, and promotes H2A ubiquitylation. MUC1-C thereby contributes to the integration
of the PRC2 and PRC1-mediated repression of tumor suppressor genes, such as CDH1,
CDKN2A, PTEN, and BRCA1. Just as PRC2 and PRC1, MUC1-C is associated with the EMT
program, CSC state, and acquisition of anticancer drug resistance. In concert with these
observations, targeting MUC1-C downregulates EZH2 and BMI1, inhibits EMT and the CSC
state, and reverses drug resistance. These findings emphasize the significance of MUC1-C
as a therapeutic target for inhibiting the aberrant PRC function and reprogramming the
epigenome in human cancers [29,31].

The natural killer group 2, member D (NKG2D) is a stimulatory receptor found in
some cytotoxic immune cells that recognizes the NKG2D ligands (NKG2DL) [7]. These
molecules are not expressed in normal cells, but are upregulated in stressed and many
malignant cells. In humans, two distinct categories of NKG2DL are expressed, one family
consists of the major histocompatibility complex (MHC) class I polypeptide-related se-
quence A and B (MICA and MICB, respectively), while the other family of NKG2D ligands
consists of a six-member glycoprotein family of UL16-binding proteins (ULBP1–6) [8]. In
normal conditions, CSCs exhibit a lower expression of MHC-I type NKG2DL and a higher
expression of UL16-binding proteins NKG2DL [9], but when there is DNA damage or cell
cycle alterations, some MHC-I type NKG2DL becomes upregulated and expressed into
CSCs [8]. NKG2D ligands are recognized by NKG2D receptors on subsets of neighboring
cytotoxic immune cells (natural killer (NK) cells, natural killer T (NKT) cells, subsets of
gamma delta (γδT cells). The natural killer group 2D (NKG2D) has recently emerged as
a major activating receptor on T lymphocytes and natural killer cells. In both humans
and mice, multiple genes encode ligands for NKG2D, and these ligands are non-classical
MHC Class I. The NKG2D-ligand interaction triggers and activates a signal in the cell
expressing NKG2D, and this promotes cytotoxic lysis of the cell expressing the ligand.
Most normal tissues do not express ligands for NKG2D, but ligand expression has been
documented in tumor and virus-infected cells, leading to the lysis of these cells. The tight
regulation of ligand expression is important. If there is inappropriate expression in normal
tissues, this will favor autoimmune processes, whilst failure to upregulate the ligands
in pathological conditions would improve cancer development or the dissemination of
intracellular infection [32].

TRAIL is a type II transmembrane protein denominated tumor necrosis factor (TNF)-
related apoptosis-inducing ligand (TRAIL, CD253). It has been widely studied as a strategy
for tumor elimination since cancer cells overexpress TRAIL death receptors, selectively
inducing apoptosis [33]. In contrast with most chemotherapeutic drugs, this protein
triggers the extrinsic apoptotic pathway in malignant cells in a p53-independent manner.
TRAIL binds to death receptors DR4 (TRAIL-R1) and DR5 (TRAIL-R2), decoy receptors
DcR1 and DcR2, and osteoprotegerin (OPG). The binding to its DR4 and DR5 receptors
activates the homotypic DD-dependent recruitment of Fas-associated protein with death
domain (FADD). This protein bridges pro-caspases 8 and 10 to form a death-inducing
signaling complex (DISC), that activates caspases-8, 3, and 7, leading to apoptosis. In vitro,
TRAIL can induce apoptosis in a wide variety of tumor cells. One of the main limitations
of the recombinant protein TRAIL application is fast the clearance from the serum [34].
Moreover, it was observed that soluble TRAIL and monoclonal antibodies against DR4 and
DR5 present potent antitumor activities in in vivo models without systemic toxicity [33].
Recombinant TRAIL treatment has been evaluated in clinical trials. Although it has had an
important antitumor effect, it has a short half-life and repeated applications are needed to
obtain the desired effect or systems that facilitate its continuous expression [35].

CD133, the cluster of differentiation 133 or prominin-1, is a five-transmembrane glyco-
protein expressed in several progenitor and stem cells. It participates in the organization
of the topology of the plasma membrane [36]. Researchers have proposed CD133 as a
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cell surface marker of CSCs since its expression seems to relate to chemoresistance, an
elevated risk of distant metastasis, and relapse [36,37]. Moreover, it participates in pri-
mordial cell differentiation and EMT [38–40]. CSCs display an EMT phenotype, possess
elevated levels of the transcription factors SNAIL and TWIST, the mesenchymal markers
vimentin and fibronectin, and low levels of epithelial protein E-cadherin [41]. CD133+ CRC
cells manifest CSC-like properties, such as higher levels of the SC markers OCT4 and
SOX2, a tumor sphere-forming ability, and are more tumorigenic in NOD/SCID mice [41].
This finding is consistent with OCT4 and SOX2 overexpression in poorly differentiated
human tumors [42]. CD133+ CSCs might escape immune surveillance by expressing the
inhibitory molecule B7H1. Moreover, the innate immune system can effectively be recruited
to kill CSCs using bispecific antibodies targeting CD133 [43]. CD133 can upregulate the
expression of the FLICE-like inhibitory protein (FLIP) in CD133-positive cells, inhibiting
apoptosis. In addition, CD133 can increase angiogenesis by activating the Wnt signaling
pathway and increasing the expression of vascular endothelial growth factor-A (VEGF-A)
and interleukin-8. Therefore, CD133 could be an “Achilles’ heel” for CSCs, because by
inhibiting this protein, the signaling pathways that are involved in cell proliferation will
also be inhibited (Figure 1) [44].

3. The Consensus Molecular Subtype Classification for CRC

In cancer, the establishment of tumor mass and its metastasis does not seem to depend
only on the genetic and epigenetic charge of CSCs, but on the composition of TME. TME
is commonly integrated into different cell types, cytokines, and extracellular matrix com-
ponents. Researchers in 2015 proposed a new molecular classification of four consensus
molecular subtypes (CMSs) to integrate these molecular and histologic features of CRC
based on the transcriptomic sequences shown in Table 1 [45]. This classification has been
used for prognostic value in metastatic rectal cancer [46].

Table 1. Colorectal cancer molecular subtypes.

Subtype CMS1-MSI Immune
Subtype

CMS2, the Canonical
Subtype

CMS3, the Metabolic
Subtype

CMS4, the Mesenchymal
Subtype Ref

Mutations
MSI is high along with

CIMP+, BRAF, and a low
prevalence of SNCA.

WNT, MYC, SCNA (high
activation), and BRAF.

KRAS-activating mutations;
moderate or low mixed state

of MSI and intermediate
CIMP; moderate activation of
WNT and MYC, with PIK3CA

mutation and IGBP3
overexpression.

TGFβ activation; EMT;
High SCNA. [47–49]

Immune
characteristics

Low CD8 and CD4 T cells,
and NK cells infiltration.

Lack of DC recruitment.
Absent of immune infiltration

and regulatory cytokines.

Poorly immunogenic without
immune infiltrates or
regulatory cytokines.

High infiltration of CTLs,
macrophages, and stromal

cells; overexpression of EMT
markers, such as TGF-B and

CXCL-12.

[45,50]

Frequency
Predominance Proximal colon (14%) Distal colon and rectum (37%) Without predominance (13%) Distal colon and rectum (23%) [51]

Prediction of
immunotherapy

response

Good response (80%);
Poor response to

immunotherapy (20%).
Only 18% of CMS2 patients. Only 19% of CMS3 patients. 26% of CMS4 patients are not

candidates. [46]

The patient’s treatment scheme should consist of a combination of therapies, from
first-line treatment, such as surgery, chemotherapy, radiotherapy, and secondary-targeted
therapy. However, this depends on the cancer stage and its characteristics. Following this,
transcriptome and genome analyses allow for a better stratification of CRC patients and
selection of the appropriate immunotherapy strategy [47].

4. Cell Types Used in CRC Immunotherapy
4.1. T-Cells

T cells are part of the adaptive immune system, divided into CD4+ (helper) and CD8+
(cytotoxic) T cells. CD4+ T cells support the body´s adaptive response to different classes of
pathogens by cytokine production. CD8+ cytotoxic T lymphocytes are activated in response
to tumor-associated antigens present in the context of MHC class I molecules [52]. T cell
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immunotherapy has different strategies, such as increasing or inhibiting cellular immunity
or inducing changes in T cell receptors to recognize specific targets.

Chimeric antigen receptor (CAR) T cell receptors are designed to (1) deliver strong ac-
tivation, proliferation, and survival signals via a single binding event; (2) in an independent
manner to MHC, bypassing the MHC downregulation by certain tumors; and (3) exhibiting
a high affinity even at low antigen density. Techniques involving CAR T cell methods have
evolved from the basic design, ectodomain antibody single-chain fragment, and variable
fragment engineered to the T cell receptor (TCR)-chain to multiple CAR generations. As
a result, CAR design has progressed from simple molecules to more complex moieties,
allowing for the combinatorial antigen selection with diverse signaling properties. This
advancement facilitates the development of armored CAR T cells with improved antitumor
activity and good toxicity management.

4.1.1. Checkpoint Inhibitor Drugs

T cell activity can be controlled by checkpoint inhibitor drugs that hinder the blocking
of tumor-associated immunosuppression and allow cytotoxic cells and lymphocytes to
attack tumor cells. However, in advanced CRC, immune checkpoint therapy is limited to
patients with high microsatellite instability (MSI-H) (approximately 5%). This type of CRC
is associated with high rates of tumor mutation (tumor mutational burden high—TMB-H)
and tumor-infiltrating lymphocytes [52].

Tumor-infiltrating lymphocytes expressing Fas are very susceptible to Fas-mediated
apoptosis. Thus, inhibition of FasL on colon cancer cells improves antitumor immunity
and reduces tumor growth. However, serum levels of FasL increase in colon cancer and
have a decreased or mutated expression of FasR, TRAIL-R1, and TRAIL-R2 death receptors
on their cell surface, promoting survival [53].

4.1.2. Adoptive T-Cell Therapy

Adoptive T cell therapy (ATC) takes patient-derived ex vivo expanded T cells and
reinfuse them into patients [52]. Unlike conventional T lymphocytes that recognize pep-
tide antigens bound to highly polymorphic MHC molecules, Vγ9Vδ2 T cells recognize
nonpeptidic antigens without antigen processing and MHC restriction. Vγ9Vδ2 T cells
stay preactivated, lacking antigen exposure. An in vivo administration of compounds
(aminobisphosphonates and IL-12) that activate Vγ9Vδ2 T cells or an adoptive transfer
of ex vivo expanded cells are necessary to drive its antitumor activity. In vitro, Vγ9Vδ2 T
cells present strong cytotoxic activity against tumor cell lines or primary cells from colon
carcinoma [53]. Moreover, γδ T cells are one of the most prominent immune cells in the gut
and good candidates for immunotherapeutic strategies in CRC [52].

CSCs in CRC are commonly resistant to T cell therapy. As a form of sensibilization,
chemotherapeutic drugs used for CRC treatment, such as 5-fluorouracil and doxorubicin,
have been used in CSCs from CRC cell lines in combination with autologous Vγ9Vδ2 T
cells, increasing DR5 expression and improving cytotoxic activity at low doses [53].

Adoptive cell transfer (ACT) is a form of cell therapy, in which T cells isolated from
cancer patients’ tumors are modified by engineering, they are selected, expanded ex vivo,
then reinfused into the patients [4]. ACT has already been clinically successful in treating
hematologic malignancies; however, current evidence suggests that T cell therapy can
improve treatment against CRC, even at advanced disease stages [54]. ACT therapy
of ex vivo expanded αβ T cells (anti-CD3 and IL-2 stimulation) in combination with
chemotherapy XELOX (capecitabine and oxaliplatin), and bevacizumab have achieved an
80% response rate and acceptable toxicity in stage IV CRC [55].

4.1.3. T-Cell Receptor Therapy

In T cell receptor therapy (TCR), the T cell receptor is modified to target a specific
antigen presented by an MHC molecule. In patients with CRC, carcinoembryonic anti-
gen (CEA) is a frequently upregulated common target antigen [52]. As another strategy,
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transgenic TCR can bind with CEA+ CRC cells, enhancing tumor recognition compared to
wild-type T cells [56] In a study of three patients with metastatic CRC, targeted therapy of
TCR reduced CEA levels between 74–99%, and one patient had metastasis regression. How-
ever, severe transient inflammatory colitis toxicity occurred [57]. Clinical trial NCT02757391
is testing CD8+ T cell therapy in combination with pembrolizumab (PD-1 inhibitor) [52].

4.1.4. Chimeric Antigen Receptor T Cell

The chimeric antigen receptor T cell or CAR-T cell is a genetically modified T cell
that can avoid the MHC and directly target a surface antigen of interest. CAR receptors
comprise a target-binding extracellular region that gives antigen specificity conformed by a
single-chain variable fragment (scFv) antibody, a hinge and transmembrane region, and
an intracellular domain related to T cell activation via the TCR CD3ζ signaling chain [58].
CAR-T cell therapy attempts to express functional chimeric receptors that recognize tumor
antigens in a non-MHC-restricted manner, allowing for the recognition of any desired
target. Despite its success in hematologic diseases, its response in solid tumors, such as
CRC, is less than 9%, mainly due to the lack of uniformly expressed target antigens [52,59].
In solid tumors, such as CRC, surface proteins, such as the natural killer group 2, member
D (NKG2D), and CEA are proposed [59].

The first clinical trial of CAR-T cells for CRC (NCT02349724) used CEA as a target.
Treatment showed that 70% of patients with progressive disease and those previously
treated presented stable disease for more than 30 weeks and a decreased tumor volume
without severe secondary effects. Applying anti-CEA CAR-T cells in CEA+ adenocarci-
noma with liver metastasis (NCT02416466 and NCT02850536) intraarterially administered,
improved the delivery of cells into the metastasis and reduced cytokine release syndrome
(CRS) [58]. However, before the employment of CAR-T cell therapy, several changes in the
tumor microenvironment should be considered, as in a clinical trial of CEA CAR-T cells that
increased the resistance of CEA+ rectal cancer tumor immunity [60].Two current phase I tri-
als are recruiting subjects. The NCT04107142 trial uses CAR-T cells targeting NKG2DL, and
NCT03970382 is testing neoantigen-targeted TCR on locally advanced or metastatic tumors.
In patients, applying different quantities of autologous and allogenic NKG2D CAR-T cells
showed that 1 × 108 and 3 × 108 cells were achieved without dose-limiting toxicity [59]. In
NCT03692429 against NKG2D ligands, a modified TCR was used to make them suitable for
allogeneic use with a TCR inhibitory molecule (TIM) sequence. Patients remained stable
for approximately 3 months after treatment without graft vs. host disease [58]. Another
antigen implicated in tumor growth and regulation of EMT in CRC is doublecortin-like
kinase 1 (DCLK1). DCLK1-scFv (CBT-511) CAR-T cells induced cytotoxicity and increased
IFN-γ release in coculture with CRC cells [52,59].

The human epidermal growth factor receptor 2 (HER2) is a potential target for CRC
treatment, since it is highly overexpressed in this type of tumor. For metastatic CRC,
HER2-targeted CAR-T cells eliminated numerous HER2+ solid tumors presenting signs of
prevention of CRC progression in a xenograft model [54,61]. Guanylyl cyclase c (GUCY2C),
a membrane-bound receptor overexpressed in more than 95% of CRC metastases, is a
potential target. In a syngeneic murine model of CRC, GUCY2C CAR-T cells provided
long-term protection against lung metastases [62]. However, independently of the high
CAR-T cell efficiency, a problem with this therapy is the development of CRS, frequently
observed by the overactivation of T cells. CRS can present simple fatigue or develop into
life-threatening outcomes with a capillary leak through a severe increase of cytokines, such
as IL-1, IFN-γ, and TNF-α [59].

4.2. Natural Killer (NK) Cells

Natural killer (NK) cells are lymphocytes that differ from the B and T cells belonging to
the innate immune system. They originate in the bone marrow and are found in blood and
lymphatic tissues, especially the spleen. Morphologically, they are large lymphocytes with
cytoplasmic granules [63], and their characteristic phenotype is TCR-, BCR-, CD3-, CD16+,
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and CD56+. Its main functions are cytotoxicity and cytokine secretion [64]. According to
the expression of CD56, they are classified into two subsets: the CD56 low/dark, which
is antitumor cytotoxic, and CD56 bright [58,65] NK cells are a subset of immune effector
cells that play an important role in immune activation against aberrant cells. Unlike T cell
activation, NK cell activation is mediated by the contact of NK receptors with target cells.
This mechanism is independent of antigen processing and presentation. An advantage of
NK cells is their inherent ability to discriminate between healthy and malignant cells. NK
cells express germ-line encoded activation and inhibitory receptors that trigger activation
while balancing activating and inhibitory signaling. NK cells are activated by receptors that
recognize stress-induced ligands on the surface of malignant cells. Normal cells express
inhibitory receptors as self-major histocompatibility complex (MHC) class I molecules [66].

Another type of NK cells is cytokine-induced cells (CIK) [60,67], a heterogeneous
population of NKT cells co-expressing CD3 and CD55 derived from T cell precursors. NK
cell-mediated targeting and destruction of malignant cells is defined by an interplay of
signals generated by inhibitory and activating NK cell receptors, that interact simultane-
ously with their ligands on target cells [68]. The ability of NK cells to destroy and eliminate
target cells is determined by the balance between their activating and inhibitory signals, i.e.,
ligands expressed on target cells. These ligands interact with the NK cell surface receptors
and trigger activating or inhibitory signals; thus, antigen specificity does not control NK
cells [69]. In addition, the destruction of tumor cells by NK cells is not dependent on MHC
or antibodies, these cells are attracted by the stress that characterizes TME [63]. Moreover,
CSCs commonly express low or no MHC class I, which makes them susceptible to NK
cell targeting. In some cases, CSCs also overexpress NK cell activating markers, such as
CD24, CD44, CD133, and ALDH, facilitating its elimination by stimulating NK activation
markers, such as MICA/B, Fas, and death receptors [70]. Thus, it is considered the ideal
target because the expression of MHC-1 decreases, resulting in NK cell activation by a
self-missing recognition process.

Various regulatory and stimulatory cytokines, such as IL-2, IL-21, IL-12, IL-8, IL-15,
and interferon type 1, promote NK cell activities on tumor elimination [71]. Upon activation,
NK cells release cytotoxic granules containing perforin and granzymes that directly lyse
tumor cells, including activated cytotoxic T cells [72]. The NK cell receptor activator
NKG2D, tumor necrosis factor (TNF)-related apoptosis-inducing ligand (TRAIL) [73], and
perforin-mediated pathways [74] are important for CIK cell-mediated recognition and lysis
of malignant cells.

In the history of NK cells as a treatment for neoplasms, a greater number of reports
have been seen in acute megaloblastic leukemia [75], in which its effect has been evaluated
by allogeneic transplantation of hematopoietic progenitors from haploidentical donors [76]
in adult patients using NK lymphocytes from the donor. Focusing on the innate rather than
the adaptive immune system, NK cells are not specific for antigens, such as T cells. They can
bypass the engagement of tumor cell PD-L1 and T cell PD-1 to mediate direct cytotoxicity
against CSCs [54]. For this reason, researchers are studying NK cells to potentiate their
function in vitro before infusion in ACT as ex vivo allogeneic NK cells with a mixture of
cytokines termed cytokine-induced memory-like NK cells (CIML-NK), which can combine
with CAR engineering [77]. Based on the goal of inducing antigen-specific T cells in
patients, using DC vaccines as antigen-presenting mechanisms that target tumor-derived
blood vessels to disrupt tumor angiogenesis and decrease tumor growth is another form
of immunotherapy for CRC patients [78,79]. NK cells can differentiate from induced
pluripotent stem cells (iPSC). This source avoids the current requirements of collection
and expansion as IPSCs can grow indefinitely by self-renewal. Furthermore, IPSC-derived
NK cells are homogenous and clinically produced in a scalable manner [1]. Moreover, this
approach allows for multiple genetic modifications to improve NK cell cytotoxicity [2].
There are diverse methods for genetic modification of iPSC-derived NK cells, such as
lentivirus, transposons, and CRISPR-Cas9 system [3]. Thus, genetically engineered iPSC-
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derived NK cells could represent a promising strategy for a renewable source of NK cells
for immunotherapy of solid tumors, such as CRC.

As other NK cell populations, iPSC-derived NK cells exhibit cytotoxic activity through
the release of perforins and granzymes, the production of proinflammatory cytokines
as interferon gamma (IFN-γ) and tumor necrosis factor alpha (TNFα), and apoptosis
induction by TRAIL and Fas-FasL interaction [2]. iPSC-derived NK cells can uniformly
express hnCD16, showing a potent antibody-dependent cellular cytotoxicity, a common
mechanism of NK cells cytotoxicity [1]. In addition, iPSC-derived NK cells have been used
in ovarian cancer models of NOD/SCID/γc−/− (NSG) mice, improving survival from
73 to 98 days, indicating the therapeutic potential for treatment of solid tumors [4,5].

The NCT03841110 clinical trial used iPSC-derived NK cells for lymphoma and ad-
vanced solid tumor treatment, such as CRC. This treatment was combined with immune
checkpoint inhibitors (nivolumab, pembrolizumab, or atezolizumab). It showed that 69%
of solid tumor patients had the best response of stable disease without graft versus host
disease (GvHD) or neurotoxicity (NT) [77].

The NK-92 cell line was originally established from a 50-year-old male patient with
rapidly progressive non-Hodgkin lymphoma. It was selected due to its characteristics
of activated NK cells, the lack of expression of inhibitory killer Ig-like receptors (iKIRs),
lack of immunogenicity, and expansion facility. The safe use of NK-92 cells has been
analyzed in phase I clinical trials [80]. Another study used NK-92 cells modified to target
EpCAM among a CRC line. HCT-8-Luc cell line was implanted in a subcutaneous xenograft
NOD/SCID mouse model, showing that CAR-NK-92 cells significantly reduced tumor
growth. The use of combinations among other treatments and cell therapy is being explored
for NK cells. The synergistic effects of regorafenib and CAR NK-92 cells, which recognize
EpCAM+ CRC cells, and release cytokines, such as IFN-γ, perforin, and granzyme B, while
reducing tumor xenografts in mice, were observed [80].

Two fully humanized single-chain DNA fragment variable antibodies recognizing
CD16 on NK cells and CD133 on CSCs, were spliced, creating a novel drug defined by
16 × 133 novel bispecific killer cell engagers (BiKE). This molecule simultaneously recog-
nizes antigens to facilitate an immunologic synapse. The 16 × 133 BiKE is a potent engager
of the innate immune system capable of inducing NK cell degranulation and IFN-γ pro-
duction and mediating selective targeting of CD133+ CSCs. The 16 × 133 BiKE may have
therapeutic potential in a clinical NK cell therapy program for carcinomas, as it could serve
as an alternative therapy for drug-resistant CSCs due to its unique mechanism of action [43].

4.3. Macrophages

Most macrophages are found in the gastrointestinal system, where they eliminate
infections, control inflammatory reactions, preserve homeostasis, and regulate insulin
sensitivity [81] Monocytes from the circulation are drawn to the tumor site by macrophages
in response to environmental stimulation. They are polarized into tumor-associated
macrophages (TAMs), the most prevalent immune cells in the TME of CRC. Exosomes,
or the production of various cytokines, are two ways TAMs might interact with tumor
cells to encourage their growth, invasion, migration, and angiogenesis. TAMs secrete the
chemokine CCL2, that attracts regulatory T cells (Tregs), blocks T cells’ antitumor immuno-
logical responses, and disrupts immune cell connections, creating the immunosuppressive
milieu of CRC [82,83]. Moreover, TAMs interact with the microbiota in CRC and use various
metabolic pathways [84]. The TME is a special habitat that emerges when the tumor pro-
gresses [75]. The TME’s immune cells, particularly TAMs, are a significant part of the TME.
They actively contribute to tumor formation, invasion, metastasis, immunosuppression,
angiogenesis, and drug tolerance by secreting cytokines and chemokines and working with
inflammatory processes [85,86].
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4.3.1. Preventing Monocyte Infiltration in CRC

A promising approach to treating initial tumors is to prevent mononuclear cells from
infiltrating the inflammatory tissues connected to the tumor. The transcription factors HIF-1,
CXCL-12, and CXCR4 are more highly expressed in the hypoxic TME environment, ac-
cording to Chanmee T. et al. The HIF-1/CXCR4 pathway can be targeted to prevent TAM
buildup [86,87]. Moreover, NT157 belongs to a new family of anticancer medications that
inhibits tumor cells by targeting the STAT3 oncogenic signaling pathway and the IGF-1 recep-
tor (IGF-1R). The expression of tumor-promoting cytokines, chemokines, and growth factors,
such as IL-6, IL-11, and IL-23, CCL2, CCL5, CXCL7, CXCL5, intercellular adhesion molecule-1
(ICAM1), and TGF-, is inhibited by NT157, according to studies, which prevents TAMs.

4.3.2. Repolarizing TAMs

TAMs can be re-educated by promoting polarization from the M2 to the M1 phenotype,
since they mostly display the M2 phenotype and support angiogenesis and immunosup-
pression [84]. For instance, Georgoudaki et al. evaluated the impact of immune checkpoint
therapy by repolarizing TAMs to the M1 type and inducing anticancer activity in a mouse
model of MC38 colon cancer by suppressing the expression of the macrophage receptor
with collagenous structure (MARCO) by TAMs [84,88]. Tasquinimod, small-molecule
immunotherapy, alters the frequency and amount of tumor-infiltrating myeloid cells to
lessen the TME’s immunosuppressive potential [89]. Tasquinimod induces phenotype
switching from the proangiogenic and immunosuppressive M2-like phenotype to the pro-
inflammatory M1-like phenotype, that changes the TME to promote immunomodulation,
prevent angiogenesis, and inhibit metastasis, according to research by Olsson et al. [84,89].
Tasquinimod targets early-stage tumor-infiltrating myeloid cells. T2 RNases, which are
evolutionarily conserved tumor suppressors, can slow tumor growth in vivo by bringing
in adaptive antitumor CD8+ T lymphocytes and balancing the M1/M2 macrophage ra-
tio in tumors [84,90]. Furthermore, Halama, N. and his colleagues also confirmed that
inhibiting CCR5 can repolarize the phenotype of TAMs from M2 to M1 by regulating the
STAT3/SOCS3 signaling pathway in TAMs, thereby exerting antitumor effects in a phase I
clinical trial of patients with CRC liver metastases [84,91].

Korehisa et al. reported that in colon cancer patients with high microsatellite instability
PD-L1 is mainly expressed by aggressive front-end tumor cells and CD68/CD163-positive
M2 macrophages, and PD-L1 expression is associated with features, such as poor tumor
differentiation, lymphatics, etc. Gordon and collaborators found that PD-1 expression
by TAMs increased as the disease progressed. Further experiments showed that PD-1
expression negatively correlated with the phagocytic capacity of TAMs, and in vivo block-
ing of PD-1-PD-L1 increased the phagocytic capacity of macrophages, leading to tumor
progression that was shown to decrease and prolong mouse survival [92,93].

4.4. Stem Cells

Mesenchymal stem cells (MSCs) can be modified to overexpress therapeutic proteins
that inhibit tumor growth or activate apoptosis. Cytokines and interferons have been
used as immunotherapy regulators against cancer [94,95]. Interferons can suppress tumor
cell proliferation and alter the immune response [96]. Strategies that combine IFN with
tumor-specific antibodies or standard chemotherapeutic medications, effectively inhibit
cancer progression in animal models [97].

Several cytokines suppress tumor growth by the selective induction of apoptosis or by
potentially infiltrating adaptive and innate immune cells [98]. Following this statement,
bone marrow (BM)-MSCs highly express PAI-1, and in some colon cancer cell lines increase
migration and proliferation, while in others, such as HCT-116, they decrease growth [99].
BM-MSCs are capable of homing more easily in the presence of CD133+/CD44+ cells than
CD133-/CD44-; moreover, these markers are found in CSCs, and according to these results,
colonic CSCs have a greater capacity to recruit BM-MSCs. BM-MSCs are in co-culture
with CD133+/CD44+ cells, and the levels of IL-8 secreted by the MSCs increase, which is
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associated with liver metastasis [100]. Hombach, in 2020, reported an in vitro assay with
MSCs modified by a retroviral vector to release both IL-7 and IL-12, shifted the chronic
inflammatory profile in the tumor tissue into a more favorable one for an acute CAR-T cell
response in CRC [101].

However, a xenograft model with MSC modified with IL-7/IL-12 increased the effec-
tiveness of CAR-T cell therapy against colorectal cancer [102]. In addition, MSCs derived
from human placenta (hP-MSC) modified and combined with appropriate transgenic
therapeutic gene herpes simplex virus truncated thymidine kinase-HSV-ttk/prodrug (gan-
ciclovir) produced highly effective cytotoxicity on colon cancer cells (HT-29) [103]. Thus,
they may be used for treating tumors in vivo. As another immunogenic chemoattractant of
NK cells, Th1 lymphocytes and macrophages highlight CXC3R1, which is upregulated in
CCR and inflamed tissues, and participates in improving the trans-endothelial migration
of MSCs. In particular, rat BM-MSC expressing CX3CR1 and IL-25 improved immunomod-
ulatory activities in the colitis colon [104].

Several studies have shown that MSCs fully expressing TRAIL can induce apoptosis
in colon cancer cell lines HCT-15 and DLD-1 [35]. However, one of the main limitations
to its efficacy as a treatment is the development of resistance. Some of the main resistance
mechanisms associated with the apoptotic effect mediated by TRAIL are (1) decreased DR4
and DR5 receptors, (2) expression of decoy receptors (DcR1 and DcR2), and (3) overexpres-
sion of antiapoptotic genes (cFLIP, Bcl-XL, and Bcl-2) [105]. Recent work has evaluated
the use of chemotherapeutic agents to sensitize TRAIL-resistant cells by mediating the
apoptotic effect of recombinant TRAIL, resulting in the proposal that chemotherapeutic
agents, such as paclitaxel, could be used as a pre-treatment for sensitizing CD133+ (CSC
marker) to the effect mediated by TRAILs by reducing the expression of the antiapoptotic
genes cFLIP and Bcl-XL in pancreatic cancer [106]. Although TRAIL-resistant tumor cells
exist, Mueller et al. (2011) proved that, in selected colon cancer cells, TRAIL-MSC could
overcome resistance via direct intercellular interaction, thereby inhibiting the growth of
HCT-8 and HT29 cells [107].

4.4.1. MSC as a Platform for Suicide Gene Delivery

Modified MSC with an insert of a suicide gene carrier can activate a non-toxic pro-drug
to become a cytotoxic substance capable of eliminating tumor cells. The key advantage
of this technique is that it amplifies drug toxicity inside the tumor, resulting in the death
of adjacent cells due to indirect effects generated by the transformed MSCs [108]. The
active prodrug’s cytotoxic impact increases the release of toxic chemicals that activate
immune cells, including cytotoxic T cells and macrophages, resulting in more efficient
cancer destruction [109].

Some examples of pro-drugs are ganciclovir (GCV) of 5-fluorouracil (5-FU), which
have been used with a herpes simplex virus thymidine kinase to produce toxic metabolites
utilized in combination with MSC to target various malignancies [110]. Moreover, MSCs
genetically modified to carry the HSV-TK suicide gene selectively affect tumor stroma,
reducing primary tumor growth [111]. Among clinical trials, in patients with advanced
gastrointestinal adenocarcinoma, MSC_apceth_101 treatment in combination with GCV
demonstrated safety and tentative signs of effectiveness [112]. Adipose tissue-derived,
MSC engineered to express yeast CD inhibited colon cancer growth when combined with
5-FU in an immunocompromised mouse model [113]. In mouse xenograft models, co-
administration of CD expressing MSCs with 5-FU was also effective in treating melanoma
and human prostate cancer. Furthermore, in the presence of GCV, TRAIL, and HSV-TK,
modified MSCs greatly reduced tumor development and enhanced survival in mice models
of highly aggressive glioblastoma multiforme (GBM) [114].

Another target evaluated was NK4, an intramolecular HGF fragment consisting of an
N-terminal hairpin domain and four HGF-chain Kringle domains (K1–K4). This fragment
binds to MET without triggering receptor signal transduction. It was reported that NK4
gene expression enhances 5-fluorouracil-induced apoptosis of murine colon cancer cells [95].
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The systemic administration of MSC transduced with inhibitor NK4 suppressed the growth
of gastric cancer xenografts and reduced intra-tumoral vascularization [96,115].

4.4.2. MSC with an Oncolytic Virus (OV)

This therapeutic strategy is based on viruses and selectively targets replicating tumor
cells, destroying them by cytolysis. Once the cell is lysed, it can release viral particles
capable of infecting more neighboring tumor cells. An additional benefit of OVs is that the
lytic nature of cell killing induces immunogenic cell death (ICD), increasing the recruit-
ment of immune cells to the tumor site. The main OVs studied were adenovirus human
serotype 5 (Ad5), coxsackievirus and adenovirus receptor (CAR), conditionally replicative
adenovirus (CRAd), and ONYX-015, with a few pre-clinical and clinical trials in different
types of cancer. MSCs carrying oncolytic adenovirus with gene-directed enzyme-prodrug
therapy hold potential and provide superiority in cancer gene therapy. Recent studies have
demonstrated that the combination of MSC-delivered OV with prodrug activation increases
the efficacy and safety of CRC therapy. This strategy is a novel combination in which sui-
cide gene therapy is based on delivering a foreign gene that encodes a prodrug-activating
enzyme, followed by systemic administration of a non-toxic prodrug that is subsequently
converted into a potent cell-killing drug [116].

5. Limitations of Cellular Therapy on Advanced CRC Treatment

In this review, we discussed the advantages and status of the immune cell-based
therapy to fight CRC. Current clinical trials of cell therapy in CRC are included in Table 2.
In addition, in the Figure 2 we described the aspects that should be considered for selection
in immunotherapy-based cell therapy and gene therapy as treatment against CRC. However,
inherent disadvantages are addressing the tumoral tissue and the technical drawbacks
implied in such therapies that may hinder their utilization in advanced CRC. All ACT
therapies require conditioned/genetically modified cells to exert their anticancer effects.
Tumor-infiltrating lymphocytes (TIL) have been proven effective in several types of cancer,
such as melanoma [117], ovarian cancer [118], breast cancer [119], cervical cancer [120],
and others. These therapies require tumor-adjacent T cells from the patient to expand
tumor-conditioned cells in vitro and infuse them back into the patient [121].
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Table 2. Clinical trials of cell therapy and colorectal cancer.

Title Clinical Trial ID Colorectal
Cancer Stage

Trial
Phase Administration Route Cell Type Status

NKG2D CAR-T cells to treat patients
with previously treated liver
metastatic colorectal cancer.

NCT05248048 Metastatic Early
Phase I

Hepatic artery
transfusion

CAR-T
(NKG2D) Recruiting

T cell receptor-based therapy of
metastatic colorectal cancer. NCT03431311

Advanced
metastatic

(MSI+)
I/II Intravenous (i.v.)

injections
T cells

(TGFβRII) Terminated

A single-arm pilot clinical study of
chimeric antigen receptor T cells

combined with interventional
therapy in advanced

liver malignancy.

NCT02959151 Metastatic I/II
Vascular interventional
therapy or intra-tumor

injection

CAR-T cells
(CEA) Unknown

Clinical study of CEA-targeted
CAR-T therapy for CEA-positive

advanced malignant solid tumors.
NCT05415475 Advanced I

Intravenous infusion
or intraperitoneal

injection

CAR-T cells
(CEA) Recruiting

A clinical study of CEA-targeted
CAR-T cells in the treatment of

CEA-positive advanced malignant
solid tumors.

NCT05396300 Advanced I
Intravenous infusion

or intraperitoneal
injection

CAR-T cells
(CEA) Recruiting

A single-arm pilot clinical study of
chimeric antigen receptor T cells

combined with interventional
therapy in advanced

liver malignancy.

NCT02959151 Metastatic I/II
Vascular interventional
therapy or intra-tumor

injection

CAR-T cells
(CEA) Unknown

A clinical research of CAR T cells
targeting CEA-positive cancer. NCT02349724 Relapse or

refractory I Intravenous infusion CAR-T cells
(CEA) Unknown

Hepatic transarterial
administrations of NKR-2 in patients
with unresectable liver metastases

from colorectal cancer (LINK).

NCT03370198 Metastatic I Hepatic transarterial
administration

NKR-2 cells
(NKG2D)

Active, not
recruiting

Dose escalation and dose expansion
phase I study to assess the safety and
clinical activity of multiple doses of
NKR-2 administered concurrently
with FOLFOX in colorectal cancer

with potentially resectable liver
metastases (SHRINK).

NCT03310008 Metastatic I

Infusion administered
concurrently with

standard
chemotherapy

NKR-2 cells
(NKG2D)

Active, not
recruiting

NKG2D CAR-NK cell therapy in
patients with refractory metastatic

colorectal cancer.
NCT05213195 Metastatic I Intra-peritoneal

infusion
CAR-NK
(NKG2D) Recruiting

High-activity natural killer
immunotherapy for small

metastases of colorectal cancer.
NCT03008499 Metastatic I/II Intravenous infusion NK cells Completed

CAR-pNK cell immunotherapy in
MUC1 positive relapsed or

refractory solid tumor.
NCT02839954 Relapse or

refractory I/II Intravenous infusion CAR-pNK cells
(MUC-1) Unknown

ACE1702 in subjects with advanced
or metastatic HER2-expressing

solid tumors.
NCT04319757 Advanced or

metastatic I Intravenous infusion NK cells
(HER-2) Recruiting

CAR-T cells can be isolated from peripheral blood and genetically modified and ex-
panded in-vitro [122]. Alternatively proposed options include a combination of treatments,
local administration of cells and different CAR structures. Toxicity due to exacerbated
immune reaction is a latent risk in immunotherapy, especially on CAR-T cells, since they
can trigger a more potent reaction. CRS is a systemic inflammatory response [123] that
can be initiated as a result of the T cell therapy and can be fatal (on-target toxicity) [124];
countermeasures are available, such as the administration of tocilizumab (anti-IL-6 recep-
tor mAB) [58]; interestingly, CRS is dependent on tumor burden [60], which is inconvenient
for advanced CRC, Therefore, CAR-T cell therapy is not recommended for these patients
unless tumor reduction is achieved by other therapies [125,126]. An off-target effect can
also occur as some antigens of the malignant cells can also be present in healthy cells, being
potential targets [109,126].
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Tumor mass recruits several immune cells (Treg, myeloid-derived suppressor cells,
TAMs) to achieve immunosuppression and evasion by secreting anti-inflammatory cy-
tokines, such as IL-10 or TGF-B that hinder T cell proliferation and overall performance [127].
However, 4th and 5th-generation CAR-T cells include expression of pro-inflammatory cy-
tokines (IL-12 or IL-15) as a counter mechanism to tumoral immunosuppression [128].

Another mechanism to increase CAR-T therapy efficacy is the inhibition by CRISPR/Cas9
technology of the immune checkpoints, such as PD-1, CTLA-4, and LAG-3, as well as VIST
(V-domain Ig suppressor of T cell activation) and TIGIT (T cell immunoreceptor with Ig
and ITIM domains) [60]. Nevertheless, CAR-T cells might be designed to express CXCR3
and CCR5 in the membrane to release heparinase from TILs [58]. Moreover, an important
risk of CRS could be reduced by administering a monoclonal antibody against the IL-6
receptor (tocilizumab) [58].

Normally, the effectiveness of CAR-T cell therapy on hematological cancer is because
malignant cells are circulating and exposed to infused T cells; however, this has proven
to be an obstacle on solid tumors, since they are normally poorly irrigated; moreover,
the heterogeneous mass of tissue, fibers, and cell receptors keep most CAR-T cells to the
external surface, as only 9% of cells can enter the tumor mass [129].

In addition, each infusion of TILs or CAR-T is finite, implying that each infusion is
expected to harness its antitumor abilities properly and proliferate; however, tumor tissue
is extremely aggressive to non-cancerous cells. Hypoxia [130], nutrient-starved [131], and
the abundance of acidic by-products of the accelerated metabolism characterize tumor
tissue [126]. T cells are heavily affected by such a hostile environment. T cells hardly exert
several cell functions associated with hypofunction, cell exhaustion, and reduced efficacy,
possibly resulting in treatment failure [132]. Procuring infusion of a higher T cell ratio can
extend the effective cells; however, it may be inconvenient for advanced CRC as it may
demand more time to manufacture [133].

Even with the high effectiveness of CAR-T cells for solid tumors, these cells present
an uncontrolled activity against the target antigen. Other studies of HER-2 CAR-T cells in
metastatic colon cancer showed adverse secondary effects, such as targeting normal lung
tissue expressing basal levels of HER-2. This finding is important because of the high risk
of developing CRS and neurotoxicity using CAT-T cell therapy [59].

Researchers are currently using MSCs in diverse ways to target CSCs and improve the
effectiveness of other cellular therapies by enhancing their homing capacity and reducing
the side effects of standard cancer treatments. To illustrate, MSCs may repair damage
caused by cancer radiotherapy thanks to their self-regeneration potential, tumor-targeting
capacity, and paracrine functions [117]; however, they can promote cell growth and tumor
progression. Genetically modified MSCs may serve as a medium in enzyme/prodrug
therapy to target CSCs by expressing a transgene for an enzyme to convert a non-toxic
compound into a cytotoxic drug [134]. This is another way in which MSCs function as a
novel drug delivery platform and eliminate or promote apoptosis as target cells [135].

Nevertheless, the lack of clinical trials hinders the application of MSC-based therapies
while, according to the literature, MSCs are a double-edged sword in managing CRC
(Table 3). Evidence shows that MSCs can inhibit tumoral cell proliferation, migration, and
infiltration, preventing CRC occurrence and progression. However, under different condi-
tions, MSCs induce an immunosuppressed microenvironment, impairing immunological
sensitivity and promoting tumor growth and recurrence [136,137]. While stem cell therapy
offers promising results in its research, these cellular therapies against colorectal CSCs
have limited clinical experience, possible side effects, and mixed results. More studies are
needed to evaluate the safety and efficacy of these therapies for CRC treatment and to
determine the best methods for delivering stem cells to the tumor site. Other limitations are
the high demand in processing time, technical equipment, and costs. Available treatment
is crucial for advanced CRC to improve prognosis, and it must correlate with the cost of
current therapies [138].
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Table 3. Comparison of each cell therapy as a treatment for CRC.

Cellular Therapy Advantages Disadvantages

T cell therapy

It has already been clinically successful in treating
hematologic malignancies.

Tumor-infiltrating lymphocytes (TILs) and
genetically modified T cells (TCRs and CARs) can
elicit a cytotoxic response, causing the apoptosis

of CSCs.

Limited by biological barriers to the tumor mass
and the immunosuppressive tumor

microenvironment, such as a high level of
hypoxia, low concentrations of nutrients, and the

high release of acid products. [58].
Expression of a heterogeneous pattern of tumor

antigens produced the evasion of antigen-specific
CAR-T cells [52,124].

NK cell therapy

The expression of ligands for natural cytotoxicity
receptors can mediate direct CSC apoptosis.

Cytokine-induced memory-like NK cells
(CIML-NK) can be combined with

CAR engineering.

Limited by the immunosuppressive nature of
tumor microenvironment and CRC, as seen in T

cell therapy disadvantages.
Difficulty in ex vivo expansion [5,79].

Low efficacy [70].

Macrophage therapy

M1 macrophages can cause tumor cell apoptosis
through phagocytosis, antibody-dependent
cellular cytotoxicity (ADCC), the release of

molecules including TNF-α and nitric oxide (NO),
and recruitment of cytotoxic T cells.

M2 macrophages contribute to angiogenesis, EMT
of tumor cells, and immunosuppression,

promoting the metastasis of CRC.

MSC therapy

Inhibits aberrant crypt foci formation and tumor
development when administered in the early

phase of colorectal tumorigenesis in rat models.
Secretes cytokines that inhibit proliferation and

induce apoptosis of CRC cells.
Supports other cellular therapies by enhancing

their homing capacity and healing tissue damage
after radiotherapy.

MSC-derived exosomes suppress proliferation,
migration, and invasion of CRC cells through

paracrine and direct tumor cell contact.

Induces an immunosuppressed
microenvironment, resulting in impaired

immunological sensitivity and the promotion of
tumor growth and recurrence.

BM-MSCs promote tumor growth by inducing the
EMT progression of CRC cells in vitro.

Pro-apoptotic and pro-survival effects can be
difficult to predict and control.

Lastly, it is relevant to note that a patient’s treatment plan will typically include
a combination of therapies, such as surgery, chemotherapy, radiotherapy, and targeted
therapy, which will depend on the stage and characteristics of each cancer. Therefore, it is
necessary to evaluate which cell type is the best immunotherapy strategy for cell therapy,
depending on the molecular subtype [139].

6. Perspectives

Until now, knowledge of clinical trials with cell therapy as targeted therapy is still
limited and therefore it is not possible to predict the best or worst treatment for patients
with colon cancer. For this reason, we consider that more research on this topic is still
necessary to evaluate the best strategy and methods used depending on the type and stage
of the tumor. In addition, given the characteristics of CSCs, it is necessary to continue
developing techniques to generate new combinatorial strategies that make it possible to
completely eradicate this type of malignant cell more efficiently, offering less aggressive
treatments for health purposes. Cell therapy continues to be one of the main candidates for
this, since, in addition to serving as a therapeutic agent against CSCs, they may be capable
of acting as delivery systems for anticancer molecules, which in the future could improve
the quality of life of cancer patients by reducing the aggressiveness of current treatments.
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2. Kuşoğlu, A.; Avcı, Ç.B. Cancer Stem Cells: A Brief Review of Current Status. Gene 2019, 681, 80–85. [CrossRef] [PubMed]
3. Lin, C.C.; Liao, T.T.; Yang, M.H. Immune Adaptation of Colorectal Cancer Stem Cells and Their Interaction with the Tumor

Microenvironment. Front. Oncol. 2020, 10, 588542. [CrossRef] [PubMed]
4. Zalewski, A.; Snook, A.E.; Waldman, S.A. Stem Cells as Therapeutic Targets in Colorectal Cancer. Pers. Med. 2021, 18, 171–183.

[CrossRef]
5. Du, L.; Cheng, Q.; Zheng, H.; Liu, J.; Liu, L.; Chen, Q. Targeting Stemness of Cancer Stem Cells to Fight Colorectal Cancers. Semin.

Cancer Biol. 2022, 82, 150–161. [CrossRef]
6. Aponte, P.M.; Caicedo, A. Stemness in Cancer: Stem Cells, Cancer Stem Cells, and Their Microenvironment. Stem Cells Int. 2017,

2017, 5619472. [CrossRef]
7. Phi, L.T.H.; Sari, I.N.; Yang, Y.-G.; Lee, S.-H.; Jun, N.; Kim, K.S.; Lee, Y.K.; Kwon, H.Y. Cancer Stem Cells (CSCs) in Drug Resistance

and Their Therapeutic Implications in Cancer Treatment. Stem Cells Int. 2018, 2018, 5416923. [CrossRef]
8. Aravindhan, S.; Ejam, S.S.; Lafta, M.H.; Markov, A.; Yumashev, A.V.; Ahmadi, M. Mesenchymal Stem Cells and Cancer Therapy:

Insights into Targeting the Tumour Vasculature. Cancer Cell Int. 2021, 21, 158. [CrossRef]
9. Veselov, V.V.; Nosyrev, A.E.; Jicsinszky, L.; Alyautdin, R.N.; Cravotto, G. Targeted Delivery Methods for Anticancer Drugs. Cancers

2022, 14, 622. [CrossRef]
10. Feng, Y.; Gao, S.; Gao, Y.; Wang, X.; Chen, Z.; Feng, Y.; Gao, S.; Gao, Y.; Wang, X.; Chen, Z. Anti-EGFR Antibody Sensitizes

Colorectal Cancer Stem-like Cells to Fluorouracil-Induced Apoptosis by Affecting Autophagy. Oncotarget 2016, 7, 81402–81409.
[CrossRef]

11. De Angelis, M.L.; Zeuner, A.; Policicchio, E.; Russo, G.; Bruselles, A.; Signore, M.; Vitale, S.; De Luca, G.; Pilozzi, E.; Boe, A.; et al.
Cancer Stem Cell-Based Models of Colorectal Cancer Reveal Molecular Determinants of Therapy Resistance. Stem Cells Transl.
Med. 2016, 5, 511–523. [CrossRef] [PubMed]

12. Feng, Y.; Dai, X.; Li, X.; Wang, H.; Liu, J.; Zhang, J.; Du, Y.; Xia, L. EGF Signalling Pathway Regulates Colon Cancer Stem Cell
Proliferation and Apoptosis. Cell Prolif. 2012, 45, 413–419. [CrossRef]

13. Oh, D.Y.; Bang, Y.J. HER2-Targeted Therapies—A Role beyond Breast Cancer. Nat. Rev. Clin. Oncol. 2019, 17, 33–48. [CrossRef]
[PubMed]

14. Seo, A.N.; Kwak, Y.; Kim, D.W.; Kang, S.B.; Choe, G.; Kim, W.H.; Lee, H.S. HER2 Status in Colorectal Cancer: Its Clinical
Significance and the Relationship between HER2 Gene Amplification and Expression. PLoS ONE 2014, 9, e98528. [CrossRef]
[PubMed]

15. Kavuri, S.M.; Jain, N.; Galimi, F.; Cottino, F.; Leto, S.M.; Migliardi, G.; Searleman, A.C.; Shen, W.; Monsey, J.; Trusolino, L.; et al.
HER2 Activating Mutations Are Targets for Colorectal Cancer Treatment. Cancer Discov. 2015, 5, 832–841. [CrossRef] [PubMed]

16. El-Deiry, W.S.; Vijayvergia, N.; Xiu, J.; Scicchitano, A.; Lim, B.; Yee, N.S.; Harvey, H.A.; Gatalica, Z.; Reddy, S. Molecular Profiling
of 6,892 Colorectal Cancer Samples Suggests Different Possible Treatment Options Specific to Metastatic Sites. Cancer Biol. Ther.
2015, 16, 1726–1737. [CrossRef]
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120. Stevanović, S.; Draper, L.M.; Langhan, M.M.; Campbell, T.E.; Kwong, M.L.; Wunderlich, J.R.; Dudley, M.E.; Yang, J.C.; Sherry, R.M.;
Kammula, U.S.; et al. Complete Regression of Metastatic Cervical Cancer after Treatment with Human Papillomavirus-Targeted
Tumor-Infiltrating T Cells. J. Clin. Oncol. 2015, 33, 1543–1550. [CrossRef]

121. Met, Ö.; Jensen, K.M.; Chamberlain, C.A.; Donia, M.; Svane, I.M. Principles of Adoptive T Cell Therapy in Cancer. Semin.
Immunopathol. 2019, 41, 49–58. [CrossRef]

122. Guedan, S.; Calderon, H.; Posey, A.D.; Maus, M.V. Engineering and Design of Chimeric Antigen Receptors. Mol. Ther. Methods
Clin. Dev. 2018, 12, 145–156. [CrossRef] [PubMed]

123. Shimabukuro-Vornhagen, A.; Gödel, P.; Subklewe, M.; Stemmler, H.J.; Schlößer, H.A.; Schlaak, M.; Kochanek, M.; Böll, B.;
von Bergwelt-Baildon, M.S. Cytokine Release Syndrome. J. Immunother. Cancer 2018, 6, 56. [CrossRef] [PubMed]

124. Ghazi, B.; el Ghanmi, A.; Kandoussi, S.; Ghouzlani, A.; Badou, A. CAR T-Cells for Colorectal Cancer Immunotherapy: Ready to
Go? Front. Immunol. 2022, 13, 978195. [CrossRef] [PubMed]

125. Sur, D.; Havasi, A.; Cainap, C.; Samasca, G.; Burz, C.; Balacescu, O.; Lupan, I.; Deleanu, D.; Irimie, A. Chimeric Antigen Receptor
T-Cell Therapy for Colorectal Cancer. J. Clin. Med. 2020, 9, 182. [CrossRef]

126. D’Aloia, M.M.; Zizzari, I.G.; Sacchetti, B.; Pierelli, L.; Alimandi, M. CAR-T Cells: The Long and Winding Road to Solid Tumors.
Cell Death Dis. 2018, 9, 282. [CrossRef]

127. Yang, L.; Shi, P.; Zhao, G.; Xu, J.; Peng, W.; Zhang, J.; Zhang, G.; Wang, X.; Dong, Z.; Chen, F.; et al. Targeting Cancer Stem Cell
Pathways for Cancer Therapy. Signal Transduct. Target. Ther. 2020, 5, 8. [CrossRef]

https://doi.org/10.2147/CMAR.S209880
https://www.ncbi.nlm.nih.gov/pubmed/31571999
https://doi.org/10.1016/j.ymthe.2020.01.020
https://www.ncbi.nlm.nih.gov/pubmed/32087149
https://doi.org/10.3390/pharmaceutics13071062
https://www.ncbi.nlm.nih.gov/pubmed/34371753
https://doi.org/10.7150/thno.27576
https://doi.org/10.1038/cgt.2010.68
https://doi.org/10.1002/jgm.1313
https://doi.org/10.1016/j.jconrel.2015.05.007
https://doi.org/10.1371/journal.pone.0035148
https://doi.org/10.22088/IJMCM.BUMS.9.2.146
https://doi.org/10.1002/ijc.32230
https://www.ncbi.nlm.nih.gov/pubmed/30801698
https://doi.org/10.1158/0008-5472.CAN-06-4024
https://www.ncbi.nlm.nih.gov/pubmed/17616689
https://doi.org/10.3389/fphar.2020.529921
https://doi.org/10.2147/DDDT.S71466
https://www.ncbi.nlm.nih.gov/pubmed/25525335
https://doi.org/10.3390/biomedicines9050548
https://doi.org/10.1093/annonc/mdz398
https://doi.org/10.1080/15384047.2015.1040960
https://doi.org/10.1038/s41591-018-0040-8
https://doi.org/10.1200/JCO.2014.58.9093
https://doi.org/10.1007/s00281-018-0703-z
https://doi.org/10.1016/j.omtm.2018.12.009
https://www.ncbi.nlm.nih.gov/pubmed/30666307
https://doi.org/10.1186/s40425-018-0343-9
https://www.ncbi.nlm.nih.gov/pubmed/29907163
https://doi.org/10.3389/fimmu.2022.978195
https://www.ncbi.nlm.nih.gov/pubmed/36458008
https://doi.org/10.3390/jcm9010182
https://doi.org/10.1038/s41419-018-0278-6
https://doi.org/10.1038/s41392-020-0110-5


Int. J. Mol. Sci. 2023, 24, 8163 21 of 21

128. Chmielewski, M.; Kopecky, C.; Hombach, A.A.; Abken, H. IL-12 Release by Engineered T Cells Expressing Chimeric Antigen
Receptors Can Effectively Muster an Antigen-Independent Macrophage Response on Tumor Cells That Have Shut down Tumor
Antigen Expression. Cancer Res. 2011, 71, 5697–5706. [CrossRef]

129. Hou, B.; Tang, Y.; Li, W.; Zeng, Q.; Chang, D. Efficiency of CAR-T Therapy for Treatment of Solid Tumor in Clinical Trials:
A Meta-Analysis. Dis. Markers 2019, 2019, 3425291. [CrossRef]

130. Berahovich, R.; Liu, X.; Zhou, H.; Tsadik, E.; Xu, S.; Golubovskaya, V.; Wu, L. Hypoxia Selectively Impairs CAR-T Cells In Vitro.
Cancers 2019, 11, 602. [CrossRef]

131. Huang, Q.; Xia, J.; Wang, L.; Wang, X.; Ma, X.; Deng, Q.; Lu, Y.; Kumar, M.; Zhou, Z.; Li, L.; et al. MiR-153 Suppresses IDO1
Expression and Enhances CAR T Cell Immunotherapy. J. Hematol. Oncol. 2018, 11, 58. [CrossRef]

132. Chow, A.; Perica, K.; Klebanoff, C.A.; Wolchok, J.D. Clinical Implications of T Cell Exhaustion for Cancer Immunotherapy. Nat.
Rev. Clin. Oncol. 2022, 19, 775–790. [CrossRef] [PubMed]

133. Yi, X.; Hu, W. Advances in Adoptive Cellular Therapy for Colorectal Cancer: A Narrative Review. Ann. Transl. Med. 2022, 10, 1404.
[CrossRef] [PubMed]

134. Patsalias, A.; Kozovska, Z. Personalized Medicine: Stem Cells in Colorectal Cancer Treatment. Biomed. Pharmacother. 2021, 141, 111821.
[CrossRef] [PubMed]

135. Guo, Y.; Zhang, Z.; Xu, X.; Xu, Z.; Wang, S.; Huang, D.; Li, Y.; Mou, X.; Liu, F.; Xiang, C. Menstrual Blood-Derived Stem Cells as
Delivery Vehicles for Oncolytic Adenovirus Virotherapy for Colorectal Cancer. Stem Cells Dev. 2019, 28, 882–896. [CrossRef]

136. Feng, H.; Zhao, J.; Schiergens, T.S.; Wang, P.; Ou, B.; Al-Sayegh, R.; Li, M.; Lu, A.; Yin, S.; Thasler, W.E. Bone Marrow-Derived
Mesenchymal Stromal Cells Promote Colorectal Cancer Cell Death under Low-Dose Irradiation. Br. J. Cancer 2018, 118, 353–365.
[CrossRef]

137. Yuan, J.; Wei, Z.; Xu, X.; Ocansey, D.K.W.; Cai, X.; Mao, F. The Effects of Mesenchymal Stem Cell on Colorectal Cancer. Stem Cells
Int. 2021, 2021, 9136583. [CrossRef]

138. Hossain, M.S.; Karuniawati, H.; Jairoun, A.A.; Urbi, Z.; Ooi, D.J.; John, A.; Lim, Y.C.; Kibria, K.M.K.; Mohiuddin, A.K.M.;
Ming, L.C.; et al. Colorectal Cancer: A Review of Carcinogenesis, Global Epidemiology, Current Challenges, Risk Factors,
Preventive and Treatment Strategies. Cancers 2022, 14, 1732. [CrossRef]

139. Mokhtari, R.B.; Homayouni, T.S.; Baluch, N.; Morgatskaya, E.; Kumar, S.; Das, B.; Yeger, H. Combination Therapy in Combating
Cancer. Oncotarget 2017, 8, 38022. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1158/0008-5472.CAN-11-0103
https://doi.org/10.1155/2019/3425291
https://doi.org/10.3390/cancers11050602
https://doi.org/10.1186/s13045-018-0600-x
https://doi.org/10.1038/s41571-022-00689-z
https://www.ncbi.nlm.nih.gov/pubmed/36216928
https://doi.org/10.21037/atm-22-6196
https://www.ncbi.nlm.nih.gov/pubmed/36660664
https://doi.org/10.1016/j.biopha.2021.111821
https://www.ncbi.nlm.nih.gov/pubmed/34144456
https://doi.org/10.1089/scd.2018.0222
https://doi.org/10.1038/bjc.2017.415
https://doi.org/10.1155/2021/9136583
https://doi.org/10.3390/cancers14071732
https://doi.org/10.18632/oncotarget.16723

	Introduction 
	Specific Targets Used in CRC Cell Therapy with Potential Antitumoral Effect against CSCs 
	The Consensus Molecular Subtype Classification for CRC 
	Cell Types Used in CRC Immunotherapy 
	T-Cells 
	Checkpoint Inhibitor Drugs 
	Adoptive T-Cell Therapy 
	T-Cell Receptor Therapy 
	Chimeric Antigen Receptor T Cell 

	Natural Killer (NK) Cells 
	Macrophages 
	Preventing Monocyte Infiltration in CRC 
	Repolarizing TAMs 

	Stem Cells 
	MSC as a Platform for Suicide Gene Delivery 
	MSC with an Oncolytic Virus (OV) 


	Limitations of Cellular Therapy on Advanced CRC Treatment 
	Perspectives 
	References

