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Gastrointestinal (GI) cancer is a malignancy of the GI tract and accessory digestive organs. GI cancer patients
develop resistance to chemotherapy, targeted therapy drugs and immune therapies. Although immune check-
point inhibitors have shown promising clinical results in melanoma, etc., immune checkpoint blockade responds
in only a subset of colorectal cancer (CRC) patients with microsatellite instability-high (MSI-H) tumours. The
tumour immune microenvironment (TIME) has a dynamic nature during malignant progression to which all the
cells in the TIME contribute. Recent studies have highlighted the role of the TIME in the therapy resistance of
cancer. Immune suppressive cells, such as tumour-associated macrophages, regulatory T cells, and myeloid-
derived suppressor cells, consist of a suppressive TIME to resist immune reactions. Combination approaches used
to target the TIME, such as radiotherapy, chemotherapy, targeted therapy combined with checkpoint blockers or
immune cell therapy, in addition to mono-immunotherapy, may provide better therapy responses. This review
provides an analysis of recent developments regarding the role of the TIME in malignant progression, im-
munotherapy and the development of drug resistance in GI tract cancer, especially CRC, as well as approaches to

overcome microenvironment-mediated resistance.

1. Introduction

Gastrointestinal (GI) cancers, including oesophageal, stomach, liver,
pancreatic, small intestine, colon, rectal and anal, are among the most
frequently occurring cancers worldwide. As one of the most commonly
diagnosed cancers, colorectal cancer (CRC) is among the top 3 leading
causes of cancer-related deaths, with an estimated 140,000 new cases
and 50,000 deaths in the United States in 2018 [1]. Tumour malignant
progression and metastases contribute to the high mortality of ad-
vanced CRC [2]. Furthermore, CRC patients develop resistance to
chemotherapy [3], targeted therapy drugs [4] and immune therapies
[5], which lead to increasing challenges in CRC treatment. Different
kinds of immune cells in various cancer types were recently indicated to
have an impact on tumour progression [6-10]. Some polarized immune
infiltrates—with the ability to overturn adaptive immune
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responses—can stimulate proliferation in cancer cells and promote tu-
mour angiogenesis, progression and metastasis [8]. For CRC, the re-
sponses to chemotherapy [11], radiotherapy [12], targeted therapies
[13-15] and immunotherapy [16,17] are influenced by the immune
system. CRC progression is also influenced by the intricate interaction
between cancerous cells and the tumour microenvironment (TME) [18].

Additionally, both gastric and oesophageal cancers represent major
global cancer burdens, ranking 2nd and 6th for the most common cause
of cancer-related deaths [19]. Despite recent improvements in mole-
cularly directed therapies, prognosis hovers around a median survival
of 1 year in gastric cancer. Breakthroughs in immune checkpoint
blockade offer potential therapeutic avenues, particularly with tools to
overcome the mechanisms of immunosuppression in the TME [20].
Hepatocellular carcinoma (HCC), the most common primary hepatic
malignancy, also faces increased incidence worldwide, with average
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Abbreviations

CRC Colorectal cancer

NSCLC  Non-small-cell lung cancer

TME Tumour microenvironment

TIME Tumour immune microenvironment
MSI-H  Microsatellite instability-high
TAM Tumour-associate macrophage
Treg Regulatory T cell

DC Dendritic cell

NK Natural killer cell

CAF Cancer-associated fibroblast

TEC Tumour-associated endothelial cell
Thl T helper type 1

Th17 T helper type 17

TGF-p  Transforming growth factor-p

M-CSF  Macrophage colony-stimulating factor
APC Antigen-presenting cell

MDSC  Myeloid-derived suppressor cell
M-MDSC Monocytic MDSC

G-MDSC Granulocytic MDSC

EM-DR  Environment-mediated drug resistance
CAM-DR Cell adhesion-mediated drug resistance
SFM-DR Soluble factor-mediated drug resistance
TIL Tumour-infiltrating lymphocyte

PMMR  Proficient mismatch repair

CMS Consensus molecular subtype

SDF1A  Stromal cell-derived factor 1A

LAG-3  Lymphocyte activation gene 3

FGL1 Fibrinogen-like protein 1

HCC Hepatocellular carcinoma

GI Gastrointestinal

survival rates between 6 and 20 months [21]. HCC is particularly in-
teresting to examine in the context of TIME targeting, given that more
than 90% of patient cases arise in the context of injury and in-
flammation, yet immunotherapy has seen limited success [22]. Simi-
larly, pancreatic cancer, the third leading cause of US cancer-related
deaths, is not widely responsive to checkpoint therapy and merits ex-
amination of the complex TME for the more efficient use of im-
munotherapeutics [23].

The TME comprises various cell types (immune cells, fibroblasts,
endothelial cells, etc.) and extracellular components (growth factors,
cytokines, extracellular matrix, hormones, etc.) that surround can-
cerous cells [24]. Recent studies have highlighted that immune com-
ponents in the TME can modulate tumour progression and are attractive
therapeutic targets. These components are called the tumour immune
microenvironment (TIME), which means that the TIME is one part of
the TME [25-27]. The TIME has a dynamic nature during malignant
progression, and all of the cells in the TIME contribute to this process.
Immune suppressive cells, such as tumour-associated macrophages
(TAMs), regulatory T cells (Tregs), and myeloid-derived suppressor
cells (MDSCs), suppress the TIME to resist immune reactions [28-30].
Multiple approaches of targeting the TIME, in addition to cancer cells,
may be necessary for better therapy responses.

In this review, based on studies of human GI cancers, especially
CRC, we provide an analysis of recent developments on the role of the
TIME in malignant progression and metastasis, immunotherapy, and
the development of drug resistance factors, mainly in CRC. In addition,
potential approaches to overcome microenvironment-mediated re-
sistance for CRC are also evaluated.

2. The role of TIME in tumour progression and metastasis in GI
cancer

Many recent publications reported critical roles of TIME in GI
cancers, including CRC, HCC, etc [18,22,31]. As an important de-
terminant of tumour progression and outcome in GI cancers, the TIME
is composed of various infiltrating immune cells, including TAMs,
Tregs, MDSCs, dendritic cells (DCs), B lymphocytes and natural killer
(NK) cells, as well as cancer-associated fibroblasts (CAFs), tumour-as-
sociated endothelial cells (TECs), the extracellular matrix and compli-
cated vasculatures [28-30,32]. The TIME can shape cancer cell beha-
viours and therapy responses through interplay with cancerous cells via
chemokine and cytokine signalling or direct contact [33-35]. Recent
studies have highlighted that tumour progression and metastasis are
regulated not only by genetic changes within tumour cells but also by
the TIME elements [36-38]. For CRC, the most commonly diagnosed GI
cancer, an increasing number of studies have attributed a poor outcome
to MDSCs [39] B cells [40], T helper type 17 (Th17) cells [41,42] and
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M2 macrophages [43], while the presence of M1 macrophages [44], NK
cells [45], T helper type 1 (Th1) cells [46,47] and DCs [48] have been
shown to be associated with a good prognosis.

In Fig. 1, the TIME is depicted, and the dynamic nature of the im-
mune contexture of a tumour is shown. Upon the recognition of tumour
antigens, NK cells and DCs could be activated. NK cells could have an
antitumour effect, while DCs could induce Tregs and increase IL-10, IL-
35 and TGF-p secretion and then activate Th17 cells, which inhibit the
function of effective T cells by increasing the secretion of IL-17A, IL-21,
IL-22 and IL-26. In addition, Tregs could activate B cells and increase
the infiltration of CD8" T cells, CD38 * T cells and CD39 * T cells,
which restrains the antitumour activity of effective T cells. In addition,
cancer cells could produce large amounts of FGL1 to inhibit effective T
cell activation and then restrain antitumour responses. Additionally,
CAFs could mediate the secretion of PGE-2, FAP, TGF-f3, EGF, and VEGF
to restrain the activity of NK cells and effector T cells. M1 macrophages
are activated by IFN-y, which is secreted by effective T cells, and effi-
ciently produce inflammatory cytokines (IL-1, IL-6, IL-12 and TNF),
which mediate resistance against cancer cells. M2 macrophages pro-
duce a mass of growth factors (EGF, TGF-f and VEGF) induced by TGF-
B and IL-10, which restrain the activity of NK cells and effector T cells.

2.1. Tumour-associated macrophages (TAMs)

TAMs have a very important role in tumour-infiltrating immune
cells within the TIME. TAMs can be classified into M1 and M2 subtypes
via their polarization status and play two opposite roles in early tu-
mourigenesis and tumour progression. Activated by Thl cytokines
(IFNy) and microbial products, M1 macrophages perform an active role
in the Th1 response and efficiently produce inflammatory cytokines (IL-
1, IL-6, IL-12 and TNF), which mediate resistance against cancer cells
and tumour progression [49]. In contrast, factors such as PGE2, trans-
forming growth factor-B (TGF-f), macrophage colony-stimulating
factor (M-CSF), and IL-10 give rise to M2 macrophages, which also
respond to Th2 cytokines (IL-4, IL-10 and IL-13) [50,51]. M2 macro-
phages produce several growth factors (EGF, TGF-f and VEGF) for
blood vessels, thus favouring the neoangiogenesis switch, tumour pro-
liferation and invasion [52,53]. For CRC, the prognostic significance of
TAMs is controversial and could depend on distinct phenotypes ac-
quired at distinct localizations within the tumour [54]. Some studies
have illuminated that high densities of TAMs favourably influence the
postsurgical clinical outcome of CRC [55-57]. However, TAMs of CRC
have also been found to secrete VEGF, thus facilitating angiogenesis and
tumour metastasis [58]. A high density of TAMs in peritumoural liver
tissue and peritumoural TAMs correlates with large tumour size, in-
trahepatic metastasis, and a poor survival of hepatocellular carcinoma
(HCC) [59].
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2.2. Regulator T cells (Tregs)

As CD4" T lymphocytes, Tregs play vital roles in the TIME by
producing suppressive cytokines (IL-10, IL-35 and TGF-f3), inducing the
cytolysis of antigen-presenting cells (APCs) and recognizing cell contact
signalling (CTLA-4 and PD-1) to suppress the activation and prolifera-
tion of effector T cells [60-62], thereby contributing to tumour growth
[63] and tumour immune evasion [64]. Generally, there are two major
subsets of Tregs based on their source and phenotype. The first subset of
Tregs is formed in the thymus and characterized by a
CD4*CD25*FOXP3™ (FOXP3* Tregs) phenotype, while the other
subset is differentiated in the periphery and characterized by a
LAG3*"CD49b" phenotype [65-67]. Some studies have shown that
FOXP3* Tregs could suppress Thl cytokine secretion and T cell pro-
liferation to promote tumour growth and metastasis in CRC [68,69].
However, some studies have also reported a favourable prognostic
outcome for high FOXP3+ Tregs in CRC [42,70,71], possibly because
of the effect of bacterial translocation across the mucosal barrier in the
colon [72,73]. Regulatory T cells, especially ICOS + FOXP3+ reg-
ulatory T cells, are increased in the HCC microenvironment and predict
reduced survival [74]. The expansion of Tregs was found both in the
peripheral blood and oesophageal mucosa of oesophageal cancer pa-
tients [75].

2.3. T helper type 17 (Th17) cells

Th17 cells are vital immune suppressive cells within the TIME that
differentiate from naive T cells under the activation of TGF-3 and IL-6
[76,77]. Th17 cytokines, including IL-17A, IL-17F, IL-21, IL-22 and IL-
26, can regulate oncogenesis and tumour progression [78,79]. Previous
studies have reported that IL-17A, IL-17F, IL-21, and IL-22 are over-
expressed in CRC patients [79-81]. More importantly, together with the
activation of STAT3, Th17 cytokines can stimulate pathways that pro-
mote colorectal carcinogenesis and tumour progression [82,83].
Th17 cells can also promote tumour angiogenesis in CRC via IL-17-in-
duced VEGF production, thereby accelerating colorectal tumour pro-
gression [41]. The accumulation of Th17 and Treg cells in the TIME
gradually increased according to gastric cancer progression, and the
imbalance in Th17/Treg cells was involved in the development and
progression of gastric cancer [84].

EGF, VEGF, TGF- B
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Fig. 1. The tumour immune microenvironment is depicted
and shows the dynamic nature of the immune contexture of a
tumour. Upon the recognition of tumour antigens, NK cells
and DCs could be activated. NK cells could have an anti-
tumour effect, while DCs could induce Tregs and increase IL-
10, IL-35 and TGF-f secretion and then activate Th17 cells,
which inhibit the function of effective T cells by increasing
the secretion of IL-17A, IL-21, IL-22 and IL-26. In addition,
Tregs could activate B cells and increase the infiltration of
CD8* T cells, CD38 * T cells and CD39 * T cells, which re-
strain the antitumour activity of effective T cells. In addition,
cancer cells can produce large amounts of FGL1 to inhibit
effective T cell activation and then restrain antitumour re-
sponses. Additionally, CAFs can mediate the secretion of
PGE-2, FAP, TGF-f, EGF, and VEGF to restrain the activity of
NK cells and effector T cells. M1 macrophages are activated
by IFN-y, which is secreted by effective T cells, and efficiently
produce inflammatory cytokines (IL-1, IL-6, IL-12 and TNF),
which mediate resistance against cancer cells. M2 macro-
phages produce several growth factors (EGF, TGF-B and
VEGF) induced by TGF-f and IL-10, which restrain the ac-
tivity of NK cells and effector T cells.

2.4. Myeloid-derived stromal cells (MDSCs)

MDSCs are a group of immature cells comprising immature mac-
rophages, myeloid progenitor cells, immature DCs and immature
granulocytes derived from bone marrow. Monocytic MDSCs (M-MDSCs)
and granulocytic MDSCs (G-MDSCs) are the two major subtypes of
MDSCs [85,86], and they can expand during oncogenesis and restrain
many kinds of T cell activities [87]. They can also differentiate into
TAMs and secrete factors compensating for VEGF loss to support an-
giogenesis, thus promoting tumour progression [88]. MDSCs play a
critical role in the immunosuppression mediation associated with CRC
[89,90]. The expansion of MDSCs during chronic colitis resulted in an
altered colonic microenvironment towards colorectal cancer develop-
ment [91]. Moreover, MDSCs can enhance the levels of ROS and NO,
which could induce DNA damage to promote tumour progression in
CRC [92]. A previous study also found that MDSCs in circulation are
associated with high tumour stage and lymph node metastases in CRC
[93]. MDSCs, which were found to be increased in HCC patients, could
augment Tregs, MDSCs, PD-1"-exhausted T cells, and im-
munosuppressive cytokines (IL-10 and TGF-f1) in HCC patients. The
depletion of Tregs, MDSCs, and PD-1* T cells restored effector T cell
function in vitro [94].

2.5. B lymphocytes

B lymphocytes play an important role in acquired immunity, but
historically, they have seemed to play an insignificant role in tumour
immunity and cancer biology. However, several studies have revealed
that B lymphocytes can take part in carcinogenesis and tumour pro-
gression by producing antibodies to facilitate chronic inflammation in
the TIME [95-97]. Moreover, regulatory B cells can also restrain anti-
tumour responses mediated by T cells in cancer [98,99]. Regulatory B
cells, as a novel subsection of B lymphocytes, appear to play important
roles in promoting tumour growth and progression via the production
of IL-10 to suppress the activity of CD8* T cells in squamous carcinoma
[98]. The presence of B cells in CRC seems to be associated with a poor
prognosis [40,96].

2.6. Cancer-associated fibroblasts (CAFs)

Mostly derived from resident fibroblasts, CAFs are a vital source of
cytokines (TGF-f, FGF2, VEGF, PDGF, etc.) and growth factors in the
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TIME that promote tumour growth, angiogenesis and tumour progres-
sion [100-103]. In CRC, CAFs can mediate the secretion of PGE-2 to
restrain the activity of NK cells and effector T cells, thus promoting
colorectal carcinoma growth [32,104]. Furthermore, multifold factors
derived from CAFs can mediate proliferative signalling in CRC and
prompt colorectal tumour cells to escape growth suppressors and resist
cell death [105]. Some studies have also shown that CAF-derived TGF-f3
and connective tissue growth factors facilitate the proliferation of CRC
cells through the Smad 2/Smad 4 pathway [104,106,107]. Moreover,
CAFs can secrete growth factors, thereby activating both the MAPK and
PI3K/AKT pathways to mediate CRC cell proliferation, protein synthesis
and invasion [108]. CAFs are important for cancer cell initiation and
progression, and therapy targeting CAFs may be effective for treating
fibrosis and preventing HCC progression [109].

3. The role of TIME in tumour immunotherapy and therapeutic
resistance in GI cancer

Immunotherapy is one of the most important treatments in ad-
vanced solid tumours. After several decades of rapid development, it
has been developed into several methods of treatment: tumour cyto-
kines (interleukins, interferons, and thymosin), tumour vaccine treat-
ment, cellular immunotherapy and immune checkpoint [24]. With the
discovery of the TIME as an essential component of cancer, therapies
targeting the TIME component have begun to be designed and applied
in the clinic [25]. In Table 1, we summarize the factors affecting im-
munotherapy in the TIME. TIME of GI cancers, with its complex net-
work of cells, cytokines, and chemokines, in tumour initiation, forma-
tion, growth, and metastasis affects outcome of current treatments
[110]. In this section we mainly take CRC as an example to introduce
strategy and mechanism of therapeutics resistance.

Immune checkpoint inhibitors have shown promising clinical results
in MSI-H CRC [111]. By blocking the immune inhibitors CTLA-4 or PD-
1/PD-L1, the natural host antitumour immune response is activated to
eliminate a tumour and improve patient survival, even in advanced
cancers. Thus, unlike chemotherapy, radiotherapy and targeted thera-
pies, these immune checkpoint inhibitors work by “releasing the
brakes” to promote the host antitumour immune response [112,113].
Major breakthroughs have been made with immune checkpoint
blockade therapy in several disease types, mainly including DNA mis-
match repair-deficient/microsatellite instability-high (MSI-H) and high
tumour-infiltrating lymphocyte (TIL) tumours; however, immune
checkpoint monotherapy has not shown significant clinical success in
the treatment of patients with mismatch repair-proficient (p)MMR)/non-
MSI-H CRC [114]. MSI occurs in 10-20% of gastroesophageal cancers
and arises from deficient mismatch repair (MMR). MSI is highly cor-
related with nonsynonymous mutation burden as well as a dense ac-
cumulation of TILs [115].

Treatment resistance to tumours, including chemoresistance and
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immunotherapy resistance, can be grouped into two major categories:
de novo resistance and acquired resistance. As a significant member of
de novo drug resistance, environment-mediated drug resistance (EM-
DR) is induced by multifaceted reciprocal crosstalk between tumour
cells and their surrounding microenvironment [116,117]. The TIME
comprises multifarious immune cells and extracellular components,
which have great potential to modulate treatment resistance. Recent
evidence has revealed TIME plasticity to be a determinant of treatment
resistance in CRC [118,119].

3.1. Mechanisms of TIME-mediated therapeutic resistance

Two major categories of TIME-mediated therapeutic resistance have
been prominently identified: cell adhesion-mediated drug resistance
(CAM-DR), which is triggered by the attachment of tumour cells to the
extracellular matrix or to the stroma, leading to resistance to anti-
neoplastons by several signalling pathways, and soluble factor-medi-
ated drug resistance (SFM-DR), which is mediated by chemokines, cy-
tokines and growth factors within the TIME [24,117].

CAM-DR has been reported in various tumours. The extracellular
matrix and some integrins, as well as their receptors, have been shown
to participate in the process of CAM-DR. For instance, the mutual ef-
fects of tumour cells and the stroma via integrin and soluble factors lead
to the stimulation of major survival pathways involving PI3K/Akt
[120,121], accounting for tumour cell growth and drug resistance.
Furthermore, 1 integrin-mediated PI3K activation overrides treat-
ment-induced cell cycle arrest and apoptosis in many types of cancer,
therefore promoting acquired resistance [122,123]. Previous studies
have demonstrated the contribution of cancer-associated fibroblast-
derived molecules to CAM-DR in CRC, such as type I collagen, which
can restrain chemotherapeutic drug uptake in colon cancer cells [119].
Several studies also revealed that TAM abundance may induce CAM-DR
in several tumour types [124-126].

Furthermore, a tremendous number of growth factors and cytokines
within the TIME have been verified to be involved in SFM-DR tumours,
which account for tumour cell growth, angiogenesis and drug re-
sistance. For instance, SDF1 can regulate the activation of CXCR4, thus
inducing resistance to cytarabine by downregulating the microRNA let-
7a and promoting the transcriptional activation of MYC and BCL-XL in
tumour cells [127]. CAFs can secrete hepatocyte growth factor to sti-
mulate MET receptors and downstream PI3K/Akt signalling pathways,
leading to intrinsic resistance to BRAF inhibitors [102]. Furthermore,
TAMs can also promote cancer cell growth and therapeutic resistance
by producing TNF-a and IL-6 [24]. Targeting pancreatic tumour cells
alone appears unsuccessful to improve the prognosis of pancreatic
cancer patients. The TIME of pancreatic cancer comprises several dif-
ferent cell types, including stellate cells, endothelial cells, nerve cells,
immune cells (e.g., macrophages, lymphocytes, and dendritic cells) and
the extracellular matrix [128]. In CRC, stromal cells within the TIME

Table 1
Summary of factors affecting immunotherapy in the immune microenvironment.
Factor Description
TIL The abundance of TILs can also be used as a marker to predict the efficacy of PD-1/PD-L1 blockade, which is usually achieved by immunohistochemistry to assess the
infiltration of CD8™* T cells in tumour tissue. A better response to the PD-1 antibody is observed in the peripheral blood of patients with CD39 * CD8* T cells
[13,112,113].
PD-11 The amount of PD-L1 expression in tumour cells is also one of the indicators of predicting the drug response of the PD-1/PD-L1 antibody. The higher the PD-L1
expression, the better the anti-PD-1 drug efficacy [18,20].
Treg As CD4* T lymphocytes, Tregs play vital roles in the TME by producing suppressive cytokines (IL-10, IL-35 and TGF-B), inducing the cytolysis of antigen-presenting cells
(APCs) and recognizing cell contact signalling (CTLA-4 and PD-1) to suppress the activation and proliferation of T cells. A higher proportion of Tregs indicates a poor
prognosis for tumour immunotherapy, and IFN-y can enhance antitumour effects [58-73].
MDSC MDSCs are a group of immature cells comprising immature macrophages, myeloid progenitor cells, immature DCs and immature granulocytes derived from bone
marrow. A high proportion of MDSCs is usually observed in the blood of patients who do not respond to immunotherapy [83-92].
TAMC TAMCs occupy a very important position in tumour-infiltrating immune cells within the TME. The prognostic significance of TAMCs is controversial. In general, a large

number of myeloid cells (TAMCs) is a marker of a poor prognosis in tumour immunotherapy, and the efficacy of immunotherapy can be enhanced by inhibiting PI3K

signals [50-57].
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can facilitate resistance to oxaliplatin and 5-fluorouracil moderated
through an SDF1/CXCR4-dependent mechanism in colorectal tumours
[118].

3.2. Immune microenvironment and immunotherapy resistance

Primary immunotherapy resistance involves the intrinsic and ex-
trinsic factors of tumour cells (Fig. 2). Intrinsic factors include the
following: 1) the mutation frequency burden of abnormal genes, 2) the
loss of tumour antigen expression, 3) the activation of protooncogenes
(EGFR, KRAS, MAPK, PI3K, WNT, etc.), which leads to the intrinsic
expression of PD-L1, 4) the tumour itself lacking effective antigen
presentation, 5) the system itself lacking the expression of major his-
tocompatibility complex (MHC), and 6) an abnormal mutation in the
IFN-y, MAPK, PI3K, and WNT signalling pathways, which results in the
insensitivity of tumours to killer T cells. Extrinsic factors include the
following: 1) the lack of killer T cell infiltration in the TME, 2) the
abnormal activation of CTLA-4 and other immune checkpoints, 3) T cell
exhaustion and phenotypic changes, and 4) the release of an im-
munosuppressive cell population (Tregs, MDSCs, and M2 macrophages)
and the inhibition of the TIME by cytokines and metabolites (CSF-1,
tryptophan metabolites, TGF-f, and adenosine) [6].

To our knowledge, the PD-L1/PD-1 pathway represents the arche-
typal tumour-adaptive immune escape mechanism. Upon the recogni-
tion of tumour antigens, tumour-specific effector T cells upregulate PD-
1 and release IFN-y, which induces PD-L1 in tumour and myeloid cells
in the TIME. PD-L1 inhibits T cells through PD-1 engagement, inter-
rupting antitumour T cell attack. This interruption of the antitumour T
cell response represents a form of local immunodeficiency that allows
tumours to escape and has been termed "adaptive immune resistance"
[129-131]. Although T cells are the primary target of inhibition, as
shown in many studies, the PD pathway could also impair the functions
of DCs, macrophages, and NK cells [132-134]. PD-1-mediated sup-
pression mechanisms include apoptosis, the induction of suppressive
cytokines, anergy, exhaustion, and Treg induction [16,135]. How these
potential mechanisms promote human cancer progression is currently
being studied, along with possible new mechanisms.

Several underlying mechanisms may explain the immune resistance
of pMMR/non-MSI-H mCRC to immune checkpoint inhibitor therapy,
such as low TILs, low expression of tumour-specific antigens, a low
mutation burden and the overexpression of intrinsic
munosuppressive factors in tumour microenvironment [6,7,136]. Re-
cent studies have revealed that the activation of Wnt/p-catenin sig-
nalling is correlated with a reduction in intratumour T cell infiltration
[8,9]. In general, the more CD8* T cells in tumour-infiltrating lym-
phocytes, the better the effect of tumour immunotherapy [12,16].
Studies in melanoma have found that activation of the Wnt signalling
pathway is inversely correlated with the infiltration of CD8" T cells in
tumour tissues. Additional analyses revealed that the activation of [3-

im-
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catenin signalling can inhibit the expression of the chemokine CCL4,
thereby inhibiting the tumour infiltration of CD103 + DC cells, af-
fecting the activation of CD8 " T cells, and inhibiting CD8* and CD4* T
cell-mediated antitumour immunity [8,137]. Therefore, this signalling
pathway may play a role as an immune escape mechanism in CRC [10].
In addition, IFN-v is generally produced by effector T cells in tumours or
by APCs and recruits other immune cells to initiate antitumour pro-
liferation and tumour-induced apoptosis effects [2,138]. Therefore, the
IFN-y signalling pathway is the central location of the antitumour ef-
fect. The mechanism is described in studies in which an inactivating
mutation in the IFN-y signalling pathway gene JAK1/2 can lead to
acquired resistance to PD-1 blockade, and CD38 is a major mechanism
of acquired resistance to the PD-1/PD-L1 blockade, causing CD8* T cell
suppression [2,138].

A significant correlation between tumour mutational burden and
the objective response rate to PD-1 inhibitors has been observed across
cancers. GI cancers, such as hepatocellular cancer, oesophageal cancer,
and gastric cancer, which have a lower rate of mutation burden than
dMMR mCRC, show a 15-20% response to PD-1 inhibitors. Pancreatic
cancer has a low mutation burden correlated with a poor response
[139]. The analysis of tumour mutation burden in the TIME predicts the
clinical benefit of immunotherapy.

In the latest study, it was demonstrated that fibrinogen-like protein
1 (FGL1) is an important functional ligand of lymphocyte activation
gene 3 (LAG-3), and the role of the LAG-3-FGL1 pathway in tumour
immunity was revealed. The same study revealed that FGL1 inhibits
antigen-specific T cell activation, and blocking the interaction in the
FGL1-LAG-3 pathway by monoclonal antibodies could stimulate tu-
mour immunity. In addition, human cancer cells produce large amounts
of FGL1, and the increased expression of FGL1 in cancer patients is
associated with a poor prognosis and anti-PD-1/PD-L1 therapy. This
study suggested that FGL1-LAG-3 is a new pathway for tumour immune
escape and can be used as a potential target for tumour immunotherapy
[140].

For CRC, with the definition of consensus molecular subtypes
(CMSs) based on transcriptome profiles, multiple characteristics have
been proposed to be responsible for the development of the tumour
immune microenvironment and the corresponding mechanisms of im-
mune escape [11,18]. CMS1 is characterized by MSI, a diffuse immune
infiltrate composed of Thl cells and CTLs, and a strong activation of
immune evasion pathways; CMS2 tumours show high chromosomal
instability and the activation of Wnt and MYC pathways; CMS3 displays
frequent KRAS mutations and disrupted metabolic pathways, and CMS4
is characterized by the high expression of mesenchymal genes, stromal
infiltration, angiogenesis and TGF-f} activation. Among these four CMSs
of CRC, each CMS has a differential prognosis, with CMS4 tumours
displaying worse overall and relapse-free survival [11]. CMS1 and
CMS4 tumours are characterized by high levels of immune infiltration,
while CMS2 and CMS3 are devoid of immune cell infiltration. CMS1

& Lack in effective antigen presentation

~ Lack in expression of MHC

Intrinsic factors -

Extrinsic factors <

> Constitutive expression of PD-L1

Lack in killer T cell infiltration

7 Theloss of tumour antigen expression

The mutation frequency burden of abnormal genes

Abnormal mutation in the IFN-y, MAPK, PI3K, and WNT signalling pathways

-7 Abnormal activation of CTLA-4 and other immune checkpoints

> T cell exhaustion and phenotypic changes

™ Releasing of an immunosuppressive cell population (Tregs, MDSCs, and M2 macrophages)

Fig. 2. Primary immunotherapy resistance involves the intrinsic and extrinsic factors of tumour cells.
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tumours escape immune surveillance by upregulating oncogenes, while
CMS4 tumours upregulate TGF-$, a potent immunosuppressive cyto-
kine [3,11]. The low level of immune cell infiltration in CMS2 and
CMS3 suggests a different mechanism of immune escape in these sub-
types. The correlation between the upregulation of Wnt/[3-catenin and
T cells suggests that the failed recruitment of DCs is caused by the -
catenin-mediated suppression of CCL4 gene transcription, and this im-
mune escape mechanism might also apply to CMS2 colon tumours [8].

3.3. Microenvironment-targeted strategies to improve the therapy response
in CRC

Multiple approaches have been proposed to improve the therapy
response in CRC based on the mechanisms of TME-mediated ther-
apeutic resistance (Table 2). The feasible anti-EM-DR therapeutic tar-
gets include stroma-derived paracrine factors, tumour cell-extracellular
matrix interactions and immune cells within the TIME, thus blocking
pathways involved in EM-DR and restraining intricate interactions be-
tween tumour cells and the stroma to acquire durable treatment re-
sponses. A previous study illustrated that VEGF blockade upregulates
inflammatory pathways and that NRP1 improves anti-VEGF therapy.
For example, bevacizumab can upregulate stromal cell-derived factor
1A (SDF1A), as well as its receptors (CXCR4 and CXCL6), and down-
regulate PIGF, Ang 1, and Ang 2 in colorectal cancer cells. Furthermore,
bevacizumab can also induce neuropilin-1 expression in TAMs [141].

Targeting IL-6 with specific receptor tyrosine kinase inhibitors has
been proven to overcome EM-DR [142,143]. The IL-6 targeted ap-
proach has been proven to block stroma-derived IL-6, which is pro-
duced in response to tumour cells, and therefore disrupts the paracrine
amplification loop [24]. Additional data have suggested that IL-6 re-
leased by colon cancer-associated fibroblasts can induce tumour an-
giogenesis by irritating nearby stromal fibroblasts. Anti-IL-6 receptor
therapy can suppress angiogenesis and restrain the interaction between
cancer cells and the stroma, which is crucial for improving the therapy
response [144].

The effect on the immune system can be enhanced by combination
with immune therapeutic approaches [145]. Several potential strategies
for targeting the immunosuppressive activities of immune cells, in-
cluding Tregs and MDSCs, within the TIME have been proposed
[18,146]. Other targeted treatments focusing on TGF are also re-
commended for CRC, which are driven by the effect of the TGF-in-
volved signalling pathway [147]. Antiangiogenic therapies by mono-
clonal antibodies against VEGF induce an adjuvant immune effect when
combined with conventional chemotherapy [148]. For example, van-
detanib is safely combined with cetuximab and irinotecan for meta-
static colorectal cancer [149].

Tumour characteristics also play significant roles in improving the
therapy response in CRC. Recent studies revealed that colorectal cancer
with microsatellite instability (MSI) cannot benefit from adjuvant 5-
fluorouracil therapy compared with tumours with microsatellite stabi-
lity [150-153]. Triggered by deficient DNA mismatch repair mechan-
isms, MSI correlates with high levels of tumour-infiltrating lymphocytes
and increased neoantigenic load [113]. Although immune checkpoint

Table 2
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inhibitors have shown promising clinical results in several cancer types,
immune checkpoint blockade responds in only a subset of CRC patients
with high levels of MSI [112]. Colorectal cancer with MSI may be
specifically targeted by immune checkpoint inhibitors because they are
notably accompanied by an active TIME, which is characterized by the
upregulation of immune checkpoint molecules, including CTLA-4, PD-1
and PD-L1 [154]. The latest research shows that there is a significant
response to the PD-1 antibody in the peripheral blood of patients with
CD39 * CD8™* T cells [13]. Therefore, there are several predictors that
directly or indirectly relate to the immunotherapy response, such as the
infiltration of CD8" T cells and CD39 * T cells and the expression of
PD-L1, Tregs, MDSCs, and TAMs.

3.4. Combination strategies and outlook to improve the therapy response in
CRC

As a representative immune approach, PD-L1/PD-1 pathway
blockade therapy has an inherent and significant advantage due to its
broad therapeutic effect and minimal toxicity, which facilitate its use in
combinatorial treatment. While combination therapy represents a
popular, current strategy for the treatment of cancer, this strategy is
largely driven by a mix of demands in clinical cancer care, corporate
finance, market competition and scientific rationales. Over 1500 clin-
ical trials that combine anti-PD therapy with nearly all available cancer
therapeutics, including chemotherapy, radiotherapy, oncolytic viruses,
targeted therapy, and other immunotherapies, are currently ongoing
[130,155]. The majority of clinical trials are focused on the combina-
tion of anti-PD-1 with CTLA-4 as well as anti-PD-1 with chemotherapy
[156]. As Table 3 shows, we summarize selected ongoing clinical trials
for immnotherapy and these combinatorial approaches aim to over-
come negative regulation of immnuo response in TIME.

Combined with chemotherapy, a previous study reported that PD-1
blockade showed better overall survival than single therapy in a short
period of time (1-2 years) [157]. Chemotherapy or radiotherapy was
reported to synergize with checkpoint inhibitors in combination
therapy. Chemotherapy can increase antigenicity by inducing the im-
munogenic cell death of tumour cells and reducing immunosuppression
in the TIME [158]. Local therapy is one method by which various
biological and chemical agents are directly injected into tumours [159],
including oncolytic viruses [160]. In experimental models, local
therapies can induce tumour and distal tumour regression at the in-
jection site. In clinical trials in which the local injection of an oncolytic
virus in melanoma and brain tumours was performed, the reported
results were promising [161,162]. Local therapies have been proven to
be an effective way to increase TILs, which further improves the
therapy response to PD-L1/PD-1 blockade [163].

The combination of immunotherapy and targeted therapy has a
synergistic effect, which has been extensively explored in animal
models and clinical trials [164,165]. Currently, there are a variety of
immunotherapies under development that could be combined
[166,167]. As a kind of immunotherapy, a tumour vaccine attacks tu-
mour cells by inducing a specific immune function, overcoming the
immunosuppressive state caused by tumours, enhancing the

Summary of strategies to target tumour microenvironments to improve the therapy response.

Strategy Description

Anti-EM-DR therapeutics

Target stroma-derived paracrine factors, tumour cell-extracellular matrix interactions and immune cells within the TME, thus blocking pathways

involved in EM-DR and restraining intricate interactions between tumour cells and the stroma to acquire durable treatment responses [137-140].

Tumour characteristics

Some tumour characteristics, such as microsatellite instability (MSI), DNA mismatch repair deficiency (AMMR), PD-L1 expression, tumour-

infiltrating lymphocytes (TILs), tumour mutation burden (TMB), and the infiltration of CD8* T cells and CD39 * T cells, play significant roles in
predicting the therapy response and guide individual treatment [13,109,110,146-150].

Combination therapeutics

The effect on the immune system can be enhanced by the combination of immune therapy and other approaches. Several potential strategies for

targeting the immunosuppressive activities of immune cells, including Tregs and MDSCs, TGF and VEGF within the TIME have been conducted

[141-145].
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immunogenicity of tumour-associated antigens, and improving auto-
immune power to eliminate tumours [168]. Approved by the FDA, an
a-gal epitope-modified individualized tumour vaccine has been applied
in clinical trials to prostate cancer, lung cancer, and melanoma and has
potential application value for colorectal cancer [169]. Tumour cells
were modified to an a-gal epitope-positive vaccine by a-1,3-galacto-
syltransferase, and an immune response similar to hyperacute rejection
was induced. In this response process, tumour-associated antigens are
efficiently presented and trigger the subsequent attack and killing ef-
fects of immune cells on the tumour in vivo [170]. The epithelial cell
molecule Mucin 1 (MUC1), a transmembrane glycoprotein, is aber-
rantly overexpressed in various cancers, including CRC, and has been
used as a candidate target antigen in peptides, dendritic cells, and
whole tumour vaccines. Several clinical trials in progress have revealed
the immunogenicity and suitability of MUC1, which acts as an im-
munotherapeutic vaccine for CRC [171]. To date, in the clinical trials of
CRG, there is no report on the combination of a tumour vaccine and PD-
L1/PD-1 blockade.

4. Conclusion

Tumour malignant progression and metastases have contributed to
the high mortality of late-stage GI cancers, such as advanced CRC and
HCC. In addition, increasing studies attribute a poor outcome to tu-
mours characterized by the presence of MDSCs, B cells, Th17 cells and
M2 macrophages within the TIME. Based on the knowledge that the
TIME has a dynamic nature during malignant progression and resists
immune reactions, multiple therapeutic strategies have been proposed
to reverse TIME-mediated therapeutic resistance to restore the micro-
environment favouring immune reactions, such as therapies targeted to
inhibit Tregs, TAMs, and MDSCs. The combination of current im-
munotherapies to explore the synergy between vaccines and cytokines
and checkpoint inhibitors or to adopt T cell transfer is also a viable
approach. Moreover, targeted therapies that inhibit oncogenic signal-
ling in cancer cells, such as the Wnt pathway and the EGFR pathway,
are also under the development of combining immune therapeutic ap-
proaches. The TIME may represent a preferable approach to surmount
drug resistance and improve the treatment response in GI cancers.
However, the intricate reciprocities between GI cancer cells and the
TIME during tumourigenesis and drug treatment still need to be in-
vestigated.
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