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KEY WORDS Abstract CD8"' T lymphocytes are pivotal cells in the host response to antitumor immunity. Tumor-
driven microenvironments provide the conditions necessary for regulating infiltrating CD8" T cells in
favor of tumor survival, including weakening CD8" T cell activation, driving tumor cells to impair im-
mune attack, and recruiting other cells to reprogram the immune milieu. Also in tumor microenviron-
ment, stromal cells exert immunosuppressive skills to avoid CD8" T cell cytotoxicity. In this review,

CD8" T lymphocyte;
Stromal cell;
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Immunosuppression; ’ ) >0 ) A } "
Immunotherapy; we explore the universal function and fate decision of infiltrated CD8" T cells and highlight their anti-
Antitumor tumor response within various stromal architectures in the process of confronting neoantigen-specific tu-

mor cells. Thus, this review provides a foundation for the development of antitumor therapy based on
CD8" T lymphocyte manipulation.
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1. Introduction

Tumors are highly intricate, heterogeneous, and malignant tissue,
characterized by abnormal invading and growing cells with a
variety of biological and genetic aberrations. Many early studies
have focused on tumor cells themselves to explain the drug
resistance and poor prognosis of certain tumors, including gene
mutations and activated signal pathways, rather than the integral
status of the microenvironment of these types of cells. However,
research is increasingly proving that the homeostasis of the
cellular microenvironment is an important condition to foster
normal cell proliferation, differentiation, and maturation, which
ensures cell metabolism and functional activities. The concept of
tumor microenvironment (TME) has been proposed particularly
for solid tumors, which are specifically composed of tumor cells,
growth factors, stromal cells, immunoinflammatory cells, and
electrolytes, together remodeling the dynamic extracellular matrix
progression'. The complex evolution of malignant tumors, from
their occurrence to metastasis, is the outcome of the relationship
between mutually reinforcing and antagonistic mechanisms be-
tween tumor cells and the TME components. Via these mecha-
nisms, either the tumor cells adapt to the TME or the TME
becomes capable of fostering tumor cells, depending on a
sequence of adhesion molecules, receptors, and signals, including
matrix metalloproteinases, cytoskeletal proteins, and receptor
tyrosine kinase pathways.

With the development of tumor immunology, tumor cells have
been found to be capable of developing resistance to the host’s
immunoreactivity. Immune status is governed by tumor-
imbalanced microenvironment and may thus function plastically.
The properties of the TME are prone to tumor-promoting immu-
nosuppression due to an imbalance of the immune system
impaired by counter-regulatory mechanisms®. These malignant
tumors are able to domesticate immune cells in a state of low
immunogenic activity, resulting in tumor resistance, a vital
obstacle for therapeutic efficacy. The T lymphocyte cells in the
TME are potential candidates for the generation of inflammatory
factors that help tumor cells to escape suppressive environments.
On the other hand, tumor cells are good at disguising themselves
by reprogramming immune-related characteristics to avoid sur-
veillance. Foremost, the activation of checkpoint inhibitory path-
ways by tumors regulates the ratio of renewing T lymphocytes,
such as cytotoxic T lymphocyte antigen 4 (CTLA-4) and pro-
grammed cell death-1 (PD-1), as these two negative immune
checkpoint regulators could be attracted in excess by the corre-
sponding CD80 and PD-L1 molecule expression, respectively”.
Moreover, other immune populations which harbor immunosup-
pressive abilities can also antagonize antitumor immune attacks,
such as macrophages, dendritic cells (DCs), and regulatory T cells
(Tregs)4.

Malignant cells are captured and eliminated by the tumor-
infiltrated lymphocytes (TILs) cytotoxic responses. CD8" T cells
are key lymphocyte cells, responsible for inhibiting tumor pro-
liferation and disrupting metastasis by directly recognizing and
killing tumor cells via intracellular antigens. Previous studies have
found that CD8" T cells are positively relevant with cancer
prognosis, controlling infections and cancer. However, the im-
munization mechanisms of tumor-penetrated T cells and tumor
elimination are not yet fully understood. The amount of CD8* T
lymphocytes, as an antigen-specific effector, is considered an in-
dicator of cancer regression’. Nevertheless, tumor cells are
restricted with fewer CD8" immunogenic signatures due to

intrinsic heterogeneity®. The combination of immunosuppressive
stromal components, immune cells, and factors in the TME results
in a poor CD8" T cell activation’. Additionally, evidence has
made clear that CD8" T lymphocyte activity may be inhibited by
TME-stromal components. The majority of CD8" T cells are
dynamically adjusted into differentiation of complete CD8*
cytotoxic T lymphocytes. However, this process can be limited by
a dysfunctional CD8™" T cell pool, which renegades towards tumor
reactivity, benefiting cell proliferation®. Therefore, it is indis-
pensable to determine the detailed regulatory mechanisms of the
interaction between CD8" T cells and TME components, as well
as the role of stromal cells in local tumor inflammation, to char-
acterize immune resistance disorder and develop immunothera-
peutic strategies.

2. Immunological features of CD8* T cells: Priming,
differentiation, and cytotoxicity

Naive T lymphocytes are initially inactive, and are programmed into
mature T cells within thymus. The T cell receptors (TCRs) are the
most important characteristic molecules on T cells and have crucial
impact on realizing molecular binding and antigen recognition’. T
cells only express a mutually exclusive subtype of CD4 or CD8
proteins after their differentiation, development, and maturation,
which depends on a precise lineage from the double-positive stage of
CD3" CD4" CD8' T cells to a single-positive stage of
CD3"CD4°CD8" or CD3"CD4"CD8™ subtype. CD4" T lympho-
cytes, also named helper T cells, play vital roles in immune regu-
lation and antitumor effect. The CD4 molecules participate in the
activation of TCR antigen-recognization and increasing the sensitive
interaction of antigen-presenting cells (APC) and T cells via binding
to 62 domain of self-major histocompatibility complex class II
molecules (MHC-II). The naive CD4" T cells can be differentiated
into multiple subsets under specific cytokines: Tregs, T helper cells
(Th1, Th2, Th9, Th17, and Th22), and follicular helper T cell. CD4™"
T lymphocytes exert antitumor by directly eliminating tumor cells in
cytolytic-dependent manners or indirectly modulating the TME.
Different CD4" T subsets produce various cytokines for inflamma-
tion modulation'’. For example, Thl can release interferon-y (IFN-
7v), interleukin 2 (IL-2), and tumor necrosis factor (TNF), which
promote defensive immunity mediated by macrophages, and mainly
kill intracellular pathogens. Th2 can secrete IL-4, IL-5, IL-6, and IL-
10, which promote specific B cells activation and antibody genera-
tion. Th17 can release cytokine IL-17 to withstand bacteria and fungi.
While, Treg releases immunosuppressive cytokine IL-10 and TGF-(,
which negatively regulate immunity by repressing CD41 and CD8*
T cells activation and proliferation. In addition, CD4* T lymphocytes
can also elevate the antitumor response of CD8 T cells by initiating
their gene program to enhance cytotoxic T lymphocytes’ (CTL)
function'"'?. CD8" T Iymphocytes, as the main killing immune cell,
secrete cytokines and recognize specific endogenous antigens of self-
major histocompatibility complex class I molecules (MHC-I), and
differ from CD4" T cells, which engaged with recognizing exoge-
nous antigens by restriction of self-MHC-II molecules. During CD8"
T cell signal activation, TCRs bind to antigenic peptides in MHC-I
molecules to initiate signal activation. This process is transmitted to
cells via CD3 molecules and supported by the binding of the CDS co-
receptor with the a3 domain of MHC-I molecules to intensify signal
transduction. Apart from CD3-TCR and CD8 molecule recognition, a
series of costimulatory molecules also participate in T cell activation
in the form of second interaction signals to match the APCs, which
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mediate antigen presentation via the formation of immunological
synapses'”. Once any of these costimulatory molecules successfully
binds to their associated ligands on APCs, the activity of CD8" T
cells are influenced. This highlights that the connection with CD8* T
lymphocytes and APC is dynamic and can lead to diverse pheno-
types, cytolytic activity, and immune functionality.

As a subtype of T lymphocytes, CD8" T cells are activated
immediately upon T cells initiation (Fig. 1). Once being acti-
vated, they are programmed to proliferate and differentiate into
effector cells, known as CD8" CTLs. CTLs play critical roles
in targeting infected cells and eliminating tumor cells by
generating an associated-antigen immune response. Thus, these
cells take part in wide processes of physiological and patho-
logical. The transmembrane glycoprotein CD8 is the main
molecule expressed on the surface of CTLs, and can also be
found in natural killer cells (NKs), cortical thymocytes, and
DCs. Cytokine secretion and costimulatory molecule expression,
alone with TCRs, are the key factors for CTL amplification, as
well as differentiated into effector or memory CD8" T lym-
phocytes. After antigen-specific recognition, unique cytolytic
mediators are generated by active CTLs to exert an effective
response against targeted tumors. To achieve more killing
power, CD8" CTLs have mastered two independent mecha-
nisms of the perforin/granzyme pathway and FAS/FAS ligand
(FASL) pathway, directly killing targeted cells without causing
auto-injury'?. Both pathways trigger caspase apoptosis in the
cytosol of targeted cells. For the exocytosis perforin/granzyme
pathway, perforin factors are released as pore-forming protein
monomers in the granules of CD8"' CTLs cells, which can be
inserted into the targeted cell membrane and polymerized to
form an aqueous channel in a Ca2+-dependent manner, further

(a) CD8+ T-cell differentiation and cytotoxicity
Neoantigen
recognization

Activation

destroying the membrane structure for targeted cells dying in
osmotic swelling. In addition, granzymes enter targeted cells to
activate caspase pathways via perforin-aqueous channels,
inducing targeted cell apoptosis. In the FAS/FASL pathway,
CDS8" CTLs express FAS ligands that identify FAS proteins
expressed on targeted cells. This results in the activation of
caspase-8 and caspase-3, subsequently inducing downstream
apoptosis pathways. Conventionally, CD8" CTLs prefer to uti-
lize the perforin/granzyme pathway. Once the targeted cells are
eradicated, CD8" CTLs are immediately broken from the tar-
geted cells synapses, allowing for an increased killing efficacy.
TNF-« and IFN-v are the major cytokines that eliminate ma-
lignant cells produced by activated CD8" CTLs'’. Once an
infection or tumor is fully eradicated, most CD8" CTLs are
exhausted, and only a few will be conserved as memory CD8™
CTLs in the long-term, which allows for the self-renewal of a
secondary response to antigen presentation'®. As a result, CD8"
CTLs are comprised of powerful sensors exhibiting antitumor
and anti-infection effects in the immune system.

3. CD8™ T cells are exhausted by immune checkpoint
pathways

During the course of CD8™ T cell activation, immune checkpoints
are widely acknowledged as the main “brake signaling axis”
responsible for tumor-peculiar CD8" T-cell exhaustion, restricting
their cytotoxic effect”'’. Generally, CD8" T cells infiltrated in
TME can be programmed into a dysfunction status either via an
accumulated deficiency of cytolytic factors or with enhanced
levels of immune checkpoint pathways, including PD-1, B- and T-
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Figure 1

Infiltration of CD8" T cells into tumors: differentiation, cytotoxicity, and dysfunction. (a) CD8" T cells are programmed into CTLs

after their activation and proliferation within the TME. The tumor cells are eventually eliminated, depending on IFN-y and TNF-« secretion and
apoptosis pathways. (b) Left: Various immune checkpoints in the divided region involved in CD8" T cell dysfunction. Once the related
ligand—receptor bindings are activated, CD8" T cells are disabled and lose killing efficacy. Right: Oncologic signatures for suppressing tumor-
infiltrating CD8" T cells. Alternatively, WNT/g-catenin inhibits the differentiation and recruitment of CD8" T cells against tumors. Other
pathways include PI3K, STAT3, NF-«B, MYC, TP53, PTEN, LKB1, TOX, TCF-1, IDO, and CD39.
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lymphocyte attenuator (BTLA), CTLA-4, T cell Ig and ITIM
domain (TIGIT), T-cell immunoglobulin and mucin-domain con-
taining 3 (TIM-3), and lymphocyte-activation gene 3 (LAG-3),
among multiple tumor types (Fig. 1)'®. These inhibitory signaling
pathways belong to intrinsic receptors that regulate both extra-
cellular and intracellular signals in order to physiologically inhibit
CD8* T cell function. Understanding their mechanism will pro-
vide insights into how tumors escape immune surveillance and
eradication, allowing for the utilization of immune checkpoint
blockers to develop strategies for immunotherapy and augment
CDS8™" T-cell efficacy in tumors.

3.1.  Programmed cell death-1

PD-1 play as a gatekeeper and master inhibitory modulator of the
impact on stimulated CD8™ T cells within tumor tissues'’. Ligand
PD-L1/2 exists abundantly in both tumors and tumor-infiltrated T
cells, B cells, macrophages, and DCs”. The PD-1/PD-L1
signaling within the TME plays an important role in abrogating
CDS™ T cell activation, contributing to the exhaustion of prolif-
eration and cytokine production, as well as promoting tumor
escape in multiple tumors, such as ovarian cancer, melanoma, and
lung cancer, among others’'. The PD-1/PD-L1 axis mediates
increased IL-10 production, inhibiting the immune response of
antigen-specific CD8" T cells’. High populations of PD-1
frequently exist in head and neck tumor, which can modulate
CD8™ T cells into the “exhausted” phenotype more easily than
that of low PD-1 populations>. Indeed, the threshold level of PD-
1 in CD8" TILs act as a potent marker, reflecting its conformity
with clinical antitumor immunotherapy based on PD-1 in-
terventions among spectrums of tumor types-.

The blocking of PD-1/PD-L1 interactions is generally taken
advantages to restore the persisting killing-responses for CD8* T
cells during tumor-driven infiltration in the TME*, Moreover, the
pool of PD-1"CD8% T lymphocytes cooperates with certain
epigenetic milieu to determine the efficacy of anti-PD-1 treatment.
The genetic lineage of exhausted CD8" T cells is distinct from
that of effector and memory CD8" T cells, and are transcrip-
tionally re-engaged under treatment with anti-PD-1?°. Epigenetic
analysis has suggested that “exhausted” CD8" T cells preferen-
tially express different chromatin profiles derived from active
memory CD8" T lymphocytes. The enhancer of RAR, T-bet, and
SOX3 motifs is selective for PD-1 up-regulation in CD8* T
lymphocytes”. Strong evidence has emphasized that genomic
landscapes, including mutations of molecular signature, DNA
repair pathway, tumor-associated antigen burden, as well as im-
mune heterogeneity and immunophenotype, are crucial factors to
manipulate the sensitivity of anti-PD-1 to neoantigen-specific
CDS8™ T-cell recognition and surveillance for cancer patients”’.

3.2.  Cytotoxic T lymphocyte antigen 4

CTLA-4 is also an essential immune checkpoint in CD8% T
lymphocytes, responsible for dysregulating CD8* T cell activation
and expansion®®. Functionally, the cytoplasmic domain of CTLA-
4 is tasked with regulating the precise location of the second re-
ceptor CD28 in a trans-endocytosis manner>®, competing with the
costimulatory molecule CD28 for two ligands of B7 molecules,
CDS80 and CD86, on APC with higher appetencies®. In contrast,
CTLA-4 is mainly existed on CD4" T-cell surface rather than
CD8* T lymphocytes. As such, the antitumor effect of CTLA-4
monoclonal antibody may indirectly accelerate CD8" T cell

function, but enhancing CD4" T lymphocytes®. CTLA-4 could
curtail T-cell differentiation into an inactivated status. The
mechanisms underlying CTLA-4 manipulation in CD8" T cells
include the control of cytokine excretion and cell cycle arrest,
rather than directly induced apoptosis®'. Novel mechanisms have
revealed that the roles of CTLA-4 in dysregulating CD8" T-cell
expansion and proliferation represent dynamic outcomes of
delaying the cell cycle upon the resting T-cell activation via IL-2
accumulation suppression’”. Notably, previous studies have
confirmed that CTLA-4 is distinct from PD-1 in terms of their
cellular phenotypes, including the differential regulation of PI3K
activity, which provides opportunities for their combination™.
Similar with PD-1, cumulative CTLA-4 in the TME is closely
related to CD8" T cells eliminating obstacles by elevating the T
cell activation threshold and impairing their expansion, ultimately
worsening the outcome of tumor patients’. The effect of anti-
CTLA-4 antibodies owes to the consequences of the directly-
stimulated CD4" and CD8" effector T cells, rather than Treg
damage’.

3.3.  T-cell immunoglobulin and mucin-domain containing 3

TIM-3 is expressed on activated human T cells to exacerbate the
“exhausted” condition in CD8" T cells, benefiting cancer pro-
gression by dampening T cell liveness within TME™. It is
emerging as an important immune target, similar to other T cell
checkpoint receptors that mediate immune tolerance, and selec-
tively up-regulated in infiltrating CD4" and cytotoxic CD8' T
cells within TME than in CD11b* CD45mid cells compared with
peripheral blood mononuclear cells in glioblastoma and lung
cancer’’. It has been suggested that PD-1 and TIM-3 may limit
CDS8™" T-cell magnitude and activation depending on the secreted
cytokine IL-10, in addition to blocking TNF-«, IL-2, and IFN-y
production, significantly enhancing the potential of PD-1 and
TIM-3 as antitumor treatments by preventing CD8" T cell con-
sumption’®. In colon cancer, the galectin-9/TIM-3 signaling axis
enforces the apoptosis ratio of tumor-infiltrated CD8" T cells”.
Moreover, carcinoembryonic antigen cell adhesion molecule 1
(Ceacaml) is a heterodimer serving as TIM-3' ligand*’. This
coexisting mechanism is required for CD8" T-cell depletion in
tumors. As a result, the dual repression of Ceacaml and TIM-3 is
feasible for the activated-CD8" T cell’ enforcement with imposed
IFN-y in TME. In addition, TIM3¥FOXP3" Tregs have been
found to shape tumor immunosuppression via sustainable
dysfunctional CD8" T cells*'.

3.4. T cell Ig and ITIM domain

TIGIT signaling was discovered in 2009 as a key coinhibitory
receptor analogous to the PD-1 signaling®*. It is highly expressed
in both human tumor-infiltrating T cells and chronic infection,
responsible for restricting T cell activity. An abundance of TIGIT
on CD8" TILs is preferable to promote a less cytotoxic group of
CDS™ T cells, and is co-expressed with higher PD-1 and TIM-3,
plus low IL-2 and TNF-a**. TIGIT is expressed with PD-1 mol-
ecules, and is responsible for tumor-infiltrating lymphocytes to
exhaust immune responses, possessing the ability to mark the
dysfunctional phenomenon of effector CD8™ T cells, reducing the
expansion and cytotoxicity subsets when confronted with viruses
and tumors. This implies that TIGIT inhibition alone or its co-
blockade with PD-1 are promising strategies to restore responses
to antigen-specific CD8" T cells in solid tumors, including in
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advanced melanoma** and multiple myeloma®’. Tregs with high
levels of TIGIT have been found to elicit high levels of TIM-3
accumulation in local tumors, disrupting CD8' T cells against
tumors. In addition, TIGIT in CD8" T cells could be restrained in
a fibroblast activation protein 2-dependent manner within the
TME".

3.5.  Lymphocyte activation gene 3

Similar with other inhibitory receptors, LAG-3 is an immune
checkpoint molecule that is capable of negatively regulating signal
transduction. LAG-3 is induced in effector T cells, NKs, and Tregs
with conventional ligands of MHC-II, as well as alternative li-
gands of fibrinogen-like protein 1*7. Studies have demonstrated
that LAG-3 in TILs are independent markers, high levels of which
indicate a poor diagnosis and tumor metastasis in cancer pa-
tients*®. LAG-3 molecules assist in tumor escape thanks to being
endowed with a powerful immunosuppressive microenvironment
via the dysregulation of the homeostasis of tumor-infiltrated CD8*
T cells. MHC-II aberrance is reason to impair CD8" T-cell anti-
tumor activity®®. Preclinical evidence had indicated that the dual
expression of protein PD-1 and LAG-3 exerts a synergistic effect
on amplifying the exhausted subset of antigen-specific CD8" T
cells, promoting tumor malignancy, and making co-blockade a
promising antitumor strategy’’. The levels of LAG-3 combined
with CTLA-4 content in CD8" TILs represent prognostic in-
dicators for the stratification of patients into distinct subgroups’".
In addition, the co-existing of TIGIT and LAG-3 in TILs is also on
behalf of an adverse prognostic factor, and has been accordant to
PD-1 in melanoma™.

3.6. B and T lymphocyte attenuator

The overexpression of BTLA is another novel immunoregulatory
receptor predominantly present in mature lymphocytes, such as T
cells, B cells, DCs, macrophages and Tregs™. Functionally, BTLA
molecules account for T cell exhaustion, characterized by
depressed populations of CD8" T cells, indicating a poor prog-
nosis in cancer patients’*. Herpesvirus entry mediator (HVEM)
was initially identified as a specific ligand for BTLA. Since the
BTLA/HVEM signaling axis is a vital pathway for sustaining the
T cell immune response, its strong co-stimulation is capable of
directly curtaining CD8" T cell proliferation and activation™.
Meanwhile, for melanoma tumors, the roles of BTLA pathway
activation in manipulating CD8" T cells are contradictory with
not only defending CD8™ T cell from apoptosis, but also curtailing
CD8" T cell differentiation®”. Further analysis revealed that low
levels of BTLA together with low levels of PD-L1 resulted in a
better rate of relapse-free survival for lung cancer patients’°.
Notably, the cytotoxic activity of CD8" T cells in TME has been
found to be elevated by the joint blockade of BTLA, TIM-3, and
PD-1 in preclinical solid tumor models”’.

3.7. V-domain Ig suppressor of T cell activation

VISTA was first confirmed to be a ligand in IGSF molecules (B7
family)®®. During the adaptive immune response, VISTA is
enriched in the TME and suppresses T cell activation, leading to
tumor-induced immune suppression’’. As a result, VSIG-3/
IGSF11 has been described as a novel ligand that specifically
interacts with VISTA®. Once the VSIG-3/VISTA signaling
pathway is activated, the magnitude of T cells is subsequently

suppressed, accompanied by remarkably reduced T cell-driven
cytokine factors IL-2, IL-17, and IFN-v, and decreased chemo-
kines CCL3, CCLS, and CXCL11. It has been previously high-
lighted that VISTA expressed on APCs is able to directly depress
CD8" T cell enrichment®'. Furthermore, anti-VISTA treatment
has been found to reinvigorate effector CD8™ T cells and secretion
of granzyme B and IFN-y within TME®?,

4. Dysfunctional tumor-infiltrated CD8* T cells by
oncologic signatures

The extent and location of CD8™" T cells in tumor site is positively
correlated with the clinical diagnosis of cancer and patient prog-
nosis in multi-type tumors, involving hepatocellular carcinoma,
melanoma, colorectal cancer, breast cancer, and lung cancer,
among others®. During the spread of metastatic tumors, tumor-
penetrating CD8" T cells are mainly determined by their traf-
ficking and recruitment into local neoplasia tissues, which is
directly in line with their immune response and killing efficacy.
Nevertheless, when targeting tumors, most CD8" T cells are
vulnerable to efficient antitumor responses due to an impaired
potency. Although our understanding of the underlying mecha-
nisms is limited, their immunosuppressive status has been widely
elucidated via a variety of dynamic adaptive changes within the
TME?®. Several researches have shown that CD8" T-cell main-
tainability, especially for CTLs, is highly sensitive to inflamma-
tory co-stimulators and co-inhibitors induced by the TME®".
Specific cytokine secretion and signal transduction could also
manipulate CD8" CTL exhaustion, ultimately resulting in tumor-
induced immune tolerance®. Tumors are motivated to interfere
with antitumor immune responses. The molecules and genetic
properties of activated oncogenic signaling and genotypes are
intrinsically tumor aberrations, and are frequently reported to in-
fluence CD8" T cell attraction and homeostasis across tumor
types®®. In what follows, several well-studied signaling pathways
will be introduced (Fig. 1).

The WNT/B-catenin signaling axis is a valuable target for
tumor immunotherapy because of its suppressive property for
tumor-infiltrated T cells. This signaling has great significance in
predicting immunotherapeutic implications and poor prognosis in
patients by reducing CD8" T cell recruitment into metastatic
BRAF-mutated primary melanoma®’. Meanwhile, WNT/g-catenin
can prevent effector CD8™ T cells from differentiating into killing
cells, resulting in immune exclusion with depleted CD8"' T cell
trafficking into tumors®®. Studies have also shown that the gain
functions of the PI3K pathway show a significant disadvantage to
immune surveillance, in part by depleting CD8" T cells®’. PI3Ky
accompanied with its downstream AKT and mTOR pathways acts
as a switch to modulate immunosuppressive inflammation during
tumor progression, mainly depending on the transcriptional pro-
cedure to restrain the activation of nuclear factor kappa B (NF-
kB), but facilitates C/EBP-8 activation’’. mTOR signaling acti-
vation is related to memory CD8" T cell differentiation’'.
Furthermore, in ER-positive breast cancer, PIK3CA-mutated
tumor cells have shown increased PI3K downstream phosphory-
lation, which is adversely affiliated with tumoral-infiltrated CD8™"
T cells, contributing to poor clinical results’>. PI3K activation in
CDS" T cells in turn could rescue their exhaustion upon the
blockade of PD-1/PD-L1 in gastrointestinal stromal tumors’>.
STAT3 signaling is regularly activated in both tumors and tumor-
educated immune cells within the TME. These observations have
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shown that CD8" T cell responses are markedly attenuated after
inhibiting STAT3 activity due to abnormal DC differentiation’*. The
STAT3 pathway has been identified as being critical for the repression
of the antitumoral functionality of CD8" T cells by inhibiting IFN-y/
CXCR3/CXCLI0 axis™. In addition, CD8" CTLs are regulated by
JAK—STAT3 signaling during glycolysis ablation in a fatty acid
oxidation-dependent manner, further promoting fat-driven breast tumor
progression’®. In the evolution of hepatocellular carcinoma, high levels
of STAT3 phosphorylation in CD8" T cells are positively associated
with the cumulative IL-6, IL-10, and IL-4 secretion, and negatively
associated with IFN-y’’. STAT3 in tumor-infiltrated CD8" T cells is
induced by B cell-driven factor IL-35, which enables the ablation of
CD8™ Tecell efficacy by limiting the generation of CXCR3, IFN-y,
and CCRS5 in pancreatic ductal adenocarcinoma’®. Furthermore, NF-
kB activity in the TME has been reported to contribute to specific
TNF-o and cyclooxygenase-2 (COX2) induction, which limits the
cytotoxic type-1 response of CD8" CTLs’’. Genome-wide CRISPR
screening for CD8 T cells has revealed that NF-«B signaling could be
regulated by RNA helicase Dhx37 and thus modulate effector CD8* T
cells against triple-negative breast cancer®’. On the other hand, RIPK1,
driven by dying cells, activates NF-xB and initiates the immune re-
sponses of CD8" T cells to associated antigens”'.

In addition, a variety of intrinsic gene alterations are thought to
be involved in modifying the tumor immune landscape’, such as
MYC, TP53, PTEN, LKB1, TOX, TCF-1, IDO, and CD39. They
have been reported to influence the accessibility of CD8" TILs to
local tumors and the activity of CTLs*. In myeloma mouse
models, upon successful MYC activation, infiltrated effector
CD8™ T cells were found to be substantially accelerated®. At the
same time, MYC protein, a transcription factor, is able to activate
CD8" T cells by modulating metabolic reprogramming™. Studies
have also shown that the greater the loss function of PTEN, TP53,
and LKB1, the more CD8" T cell exclusion is displayed via
diverse downstream pathways. For instance, when PTEN is absent
in melanoma cells, CD8™" T cell infiltration is sharply delayed in
contrast with PTEN expression groups®. Otherwise, inactivating
TP53, one of the most frequently mutated loss function genes for
tumorigenesis, is able to harness CD8" T cell capacity and free
tumors of immunosurveillance®. The local activation of P53 in
the TME has been shown to benefit tumor regression depending
on the degree of reinforced tumoral infiltration of CD8™ T cells®’.
The LKBI1 protein is a serine/threonine kinase mainly associated
with cellular metabolism for cell viability. In a lung KRAS/LKB1
mouse model, profiling showed that STK11/LKB1 deficiency
suppresses the infiltration ability of CD4 and CD8 T cells by
recruiting neutrophil cells and secreting proinflammatory cyto-
kines IL-6 and CXC-chemokine ligands®. The nuclear factor
TOXs in CD8™ T cells act on the behalf of crucial transcriptional
regulators that program the differentiation state toward the
exhaustion state®”. Additionally, TOXs are capable of dampening
the functionality of CD8™ T cells by attenuating PD-1 degradation
and releasing their translocation into the surface of tumoral-
infiltrated CD8™ T cells”. TOX2, together with the orphan nu-
clear receptor 4 A family, has the potential to dysregulate effector
CDS8™ T cells, which are characterized by an exhausted phenotype
of CD8TCAR™ PD-1 high TIM-3 high’'. TCF-1 is another vital
transcription factor that is committed to repressing CD8" CTLs
and is needed for the early stage fate of exhausted CD8™ T cells
by upregulating a series of essential genes’>, or in a WNT/g-
catenin dependent manner’>. Moreover, TCF-1 has been found to
be a novel biomarker for responses to immune checkpoint
blockades. The stem cell population of exhausted CD8" T cells

combined with evidence from single-cell RNA sequencing have
revealed that PD-1 collaborates with TFC-1 to maintain CD8" T
cell precursor pools’. In addition, indoleamine 2,3-dioxygenase
(IDO) and IDO2, key enzymes that break tryptophan into kynur-
enine in the metabolic pathway’”, have also been found to be
referred in the dysregulation of T cells. IDO is likely to be
recognized by CD8" T lymphocytes, and constitutes dominant
anti-inflammatory responses against the immune system. Over-
expressed IDO in various tumors has been found to be closely
related to the abolishment of effector CD8" T cells and invalid
immunity’®. Since the IDO gene is coordinately stimulated by
IFN-v, CTLA-4 may induce the generation of IDO in an IFN-y
dependent manner by binding to the CD80 and CD86 ligands on
DCs”’. Cholesterol has been reported as another positively linker
of TME-metabolism factor, attenuating tumor-infiltrated CD8% T
cells via the ER—stress—XBP1 pathway”®. After further mining
the antigen-specific signatures of CD8" T cell exhaustion, the
surface molecule CD39 was abundantly and highly-expressed,
leading to CD8" T cells with less and less TNF-a and IL-2
secretion, similar to that observed in dysfunctional CDSt T

OC
cells”.

5. Interconnectivity of CD8* T cells with TME stromal cells

Generally, CDS™ T cells serve as the guarders which are naturally
protective to host normal tissues and reject to external encroach-
ment. But in tumors, it is more complicated. A dynamic interac-
tion between tumor cells and the TME. For example, CD8* T
cells shapes the tumor progress, the antitumor immunity and the
responsiveness to immunotherapy at the same time. Biological
evidences have showed that the architecture of the tumor micro-
environment displays suppressive immune characteristics, with
tumors progressing via local invasion and distant metastasis within
a complex and diverse environment comprised of tumor cells,
immune cells, and stromal cells. Therein, tumor-relevant stromal
cells belong to the family of local infiltrating cells comprised of
tumor-associated macrophages (TAMs), cancer-associated fibro-
blasts (CAFs), and tumor angiogenesis. Their signatures are
closely correlated with the negative accumulation of effector
CD8* T cells (Fig. 2). The innate and adaptive immunity within
TME is responsible for monitoring tumorigenesis, progression,
and invasion. Nevertheless, the TME may exacerbate tumor-
inclined inflammation responses by reshaping the functionality
of both stroma and immune cells in favor of malignant tumor
ontogeny. In addition, a variety of inflammatory cytokine net-
works induced by the TME are also critical determinants of CD8™
T cell functionality, responsible for anti-infection and anti-tumor
cells'®. In this section, recent findings regarding the manipula-
tion of the differentiation fate of CD8" T cells are summarized,
and the killing effect between different stromal participators and
detail influencing factors.

5.1.  Cancer-associated fibroblasts

As the most abundant stromal cell type, CAFs serve as a key
immune inhibitory intermediator in the TME and have the ca-
pacity to orchestrate tumorigenesis proportions for tumor escape,
as well as being highly associated with poor patient prognosis'®'.
CAFs secrete large amounts of continuously activated paracrine
and autocrine factors, chemokines, and signals via multiple

mechanisms to facilitate a myriad of pro-tumorigenic stages and
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Suppressive immunization regulation of CD8" T cells with stromal cells in the TME. The suppressive immunization regulation of

CD8" T cells for pro-tumoral microenvironment with TME-related stromal components is depicted in three parts: CAFs, TAMs, and tumor
vessels. (1) For CAFs, the immune checkpoint molecules CTLA-4, TIM-3, PD-1, LAG-3, and CD73 are induced to attenuate CDS8" T cells. NF-
kB prevents CD8" T cells by upregulating CXCL12. IL-6 is secreted to downregulate CD8 " T cell infiltration and IL-6/STAT?3 can master the PD-
1/PD-L1 pathway to impair T cells by upregulating CXCR7. Tumor-specific CD8" T cells are inhibited by TGF-B, along with two auto-
stimulatory signaling of TGF-@ and SDF-1. The CXCL12/CXCR4 axis induces FAP to diminish CD8" T cells. FAS/FASL on T cells leads to
CD8" T cell apoptosis. CD8" T cells are excluded with HDAC6 to activate STAT3 by targeting COX2. CAF-driven ROS, Chi3L1, Gig-h3, and
arginase II are capable of impairing CD8 ™" T cell activity. (2) For the TME, the immune checkpoint pathways PD-1/PD-L1/2 and CTLA-4/CD80/
86 are observed on TAMs to confine CD8" T cell initiation. NF-«kB P65 is validated to impair CD8" CTLs by inducing B7—H4/B7S1 and anti-
apoptosis gene, as well as activating PD-1. Arginase and NO activity are modulators responsible for CD8" T cell apoptosis via IFN-v and TNF-a.
IL-10 limits cytotoxic CD8* T cells by suppressing DC-driven IL-12 or selectively reducing B7 upregulation. In addition, STAT1, CSF1, HLA-G,
HLA-E, arginase I, and SHH from macrophages are crucial regulators to deplete the CD8" T cell response. (3) During neovascularization, VEGF
inhibits CD8" T cell homing and induces apoptosis. HIF-1a may modulate vascularization via VEGF-A. FASL is selectively expressed in tumor-

driven vasculatures to hinder CD8" T cells with soluble VEGF-A, IL-10,

and PGE2. NF-kB is capable of activating FASL and downregulating

cFLIP for apoptosis. Intratumoral CD8™ T cells are rejected by RGSS5, resulting in the formation of abnormal blood vessels and hypoxia. HIF-1e,
ETBR, B7—H3 3-AR, PDPN, and TNF-« are also pivotal vascular molecules, impeding CD8" T cell penetration into tumor sites.

antitumor resistance, thereby influencing tumor-associated im-
mune responses' %>, Studies have shown that CAF enrichment is
inversely correlated with CD8" T-cell content, counteracting
CTLs’ efficacy against cancer. In immunotherapy, CD8" T cells
play key roles in local antitumor inflammation. However, their
infiltration, cytokine production, and cytotoxic effects are indi-
visibly hindered by CAF activity. In return, CD8" T cells may
negatively modulate stromal fibroblast function. For instance,
CDS8™ T cells can overcome platinum-induced chemoresistance by
regulating glutathione and cystine metabolism in fibroblasts in
patients with ovarian cancer'®. After CD8" T-cells activation in
TME, cytotoxic extracellular vesicles are preferentially produced
to suppress CAFs in apoptosis'*.

Human pancreatic CAFs express high levels of TIM-3, PD-1,
CTLA-4, and LAG-3 in CD8" T cells under proliferation, relying
on activated prostaglandin E2 (PGE2)'*. Furthermore, NF-«B
driven by CAFs acts as a crucial tumor-promoting inflammatory
factor and prevent CD8™ T cells from being recruited into tumors
by upregulating CXCL12'°°. CAF-derived chitinase 3-like 1
(Chi3L1) is another signaling axis that is abundantly upregulated
in cancer. It plays important roles in crippling tumor-infiltrated
CDS8™ T cells, which affects the recruitment and morphology of
macrophages, CD4" T cells, and THI cells, thereby shaping an
immune milieu favorable for tumor survival and metastases'®’.
When tumor cells and fibroblast cells are co-cultured, high ex-
pressions of IL-6 are secreted to downregulate CD8' T cells
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infiltration and upregulate Treg population, further promoting an
immunosuppressive TME'®®. The IL-6/STAT3 pathway masters
CAF to induce the activation of PD-1/PD-L1 signaling in neu-
trophils, thus impairing T cells’ ability to inhibit hepatocellular
carcinoma'”. In esophageal squamous cell carcinoma, IL-6
secreted by CAFs promotes chemoresistance by upregulating
CXCR7 expression''’. In addition, CAFs may strongly impair
CDS8" T-cell proliferation, as well as IFN-y production by
reprogramming monocytes to an immuno-inhibitory MDSC
phenotype in the presence of reactive oxygen species (ROS)'"". It
has been reported that arginase II expression in CAFs is closely
correlated with the diminished CD8% T-cell recruitment, and
could be used to predict poor prognosis in pancreatic cancer
patients.

TGF-g is another typical regulatory factor in the TME. As a
negative regulator, TGF-8 can reduce the expansion and cyto-
toxicity of CD8™ T cells in vivo''%. Low levels of TGF-8 pathway
activity indicate a strong cytotoxic efficacy of CD8' T cells in
tumor site after treatment with cyclophosphamide''?. TGF-8 and
stromal cell-derived factor-1 (SDF-1) are two self-activated
signaling molecules that form crosstalk loops, which are neces-
sary for stromal fibroblasts to differentiate into myofibroblasts
phenotype, thus stimulating tumor progression''*. TGF-8
signaling in stromal cells was previously found to attenuate
effector CD8" T cell penetration and inhibit their response to
PD-1 inhibition''>. In pancreatic ductal adenocarcinoma model,
the CXCL12/CXCR4 axis was found to induce CAF surface
marker FAP expression. FAP is able to aggregate the immuno-
suppressive atmosphere, further diminishing the accumulation of
CD8" T cells in tumors''®. During non-small cell lung cancer
(NSCLC) development, high levels of podoplanin-positive CAFs
(PDPN" CAFs) are consistent with the low ratio of CD8/FOXP3 T
cells, indicating that CD8" T-cell activation is blocked at that
stage''’. Observations in breast tumor models also found that
FAP*PDPN" CAFs cooperated with tumor cells, directly abro-
gating the proliferation of intratumoral CD8" T cells based on the
nitric oxide-dependent manner''®. Additionally, CAFs play an
immunosuppressive role by upregulating FAS/FASL in T cells and
PD-1/PD-L2 signaling in CAFs in an antigen-dependent manner,
resulting in CD8" T cell dysfunction''”. CAF-driven CD73 is a
novel immune checkpoint that reduces the killing effect of CD8*
T cells with decreased IFN-y production'*’. The presence of
stromal protein Big-h3 from CAFs directly impairs the content and
quality of intratumoral CD8™ T cells in pancreatic cancer'>'. High
levels of histone deacetylase 6 (HDAC6) in CAFs are closely
associated with poor survival in cancer patients. Mechanistically,
HDACG6 activates CAF-driven STAT3 and targets the COX2
pathway, thus forming the immunosuppressive TME and
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excluding CD8™" T cell activity'**.
5.2.  Tumor-associated macrophages

Macrophages are a type of non-malignant stromal cell and on
behalf of the first-line defense against tumors and infections'*’.
Macrophages possess dynamic plasticity, encompassing two major
morphologies, M1 and M2, whose polarization occurs under
complex activation signaling. M1-like macrophages are activated
macrophages that contribute to inflammatory responses, and
indicate prolonged overall survival in cancer patients'?*. M2-like
macrophages, on the contrary, damage the immune response.
Notably, it is now well accepted that TAMs in the TME are in-
clined to M2 macrophage polarization. TAMs are classified into a

variety of pro-tumor macrophages, promoting the development of
malignant tumors and indicating a poor prognosis'*”.

Extensive studies have suggested that TAMs are able to
directly modulate the tumor-immunosuppressive microenviron-
ment in various aspects, making TAMs an important target in
antitumor immunotherapy'”°.  Significantly, tumor-associated
macrophages possess diverse support networks, including that of
the surrounding immune milieu, with inflammatory cytokines,
regulatory factors, and pathways, to sustain tumor initiation and
survival, as well as limit the cytotoxicity of T cells'*®. Since
TAM:s act as a crucial dominant immune supervisor in CD8" T
cells at tumor sites, the mechanism of the interaction between
these two components was explored to elucidate how TAMs
manipulate CD8" T cell recruitment and cytotoxicity.

TAMs are programmed to express immune checkpoint ligands
of PD-L1 and PD-L2, which represent major inhibitory functions
that inhibit PD-1 molecules on introtumoral CD8" T cells'*’.
Similarly, immune checkpoint molecules CD80 and CD86 have
also been observed to confine CDS8™ T cell initiation in TAMs
upon binding with CTLA-4'*. Based on these findings, it has
become clear that TAM intervention is feasible for immune
checkpoint inhibition. Furthermore, TAMs are important re-
sources, enriched in the hypoxic tumor microenvironments by
generating hypoxia-inducible factor-1ae (HIF-1«), which hinders
T-cell activation and enhances tumor progression'?’. In addition,
under hypoxic conditions, HIF-1« has been shown to upregulate
PD-L1 accumulation in macrophages in the TME'*°. Thus, NF-xB
appears to play key roles in the immune inflammatory. Evidence
has also shown that intrinsic NF-kB P65 is capable of impairing
CD8*' CTLs activity for promoting tumor progression, on one
hand, by directly inducing the expression of T-cell inhibitory
molecule B7x (B7-H4/B7S1) in TAMs. On the other hand, TAMs
evade apoptosis by upregulating the anti-apoptosis gene resistant
to CD8" CTLs'"®'. Additionally, NF-kB is a necessary modulator
of PD-1 gene expression and activation in macrophages by bind-
ing to a specific upstream location in conserved region-C'*.
Studies have shown that increased arginase and NO activity
generated by tumor-associated F4/80" macrophages are the two
main factors responsible for CD8" T cell apoptosis via IFN-y and
TNF-«. This article also demonstrated that STAT1 signaling is a
crucial regulator of TAM-inclined immunosuppressive activity,
thereby depleting CD8" T cell proliferation'*. Colony-
stimulating factor 1 (CSF1) is a key modulator of the differenti-
ation and accumulation of M2 type-TAM polarization, thus rep-
resenting a good target for anti-CSF-1R therapy'**. In melanoma,
the enrichment of CD8" CTLs likely triggers enhanced CSF1
secretion, leading to TAM expansion. This recruiting mechanism
for TAMs is in line with CD8" T cell suppression, ultimately
resulting in to resistance to immune checkpoint blockades'*>. As a
result, the interruption of the CSFI1/CSFIR axis could alter
macrophage polarization, resulting in the enhancement of infil-
trating CD8" CTLs, which underlies chemotherapy and check-
point immunotherapy in antitumor immunity'*°.

Infiltrating macrophages in the TME are an important source
of IL-10 production, and aid in establishing a tolerant microen-
vironment. Studies have shown that IL-10 straightforwardly limits
CDS8™ cytotoxic T-cell responses by suppressing intratumoral DC-
driven IL-12 or selectively reducing B7 upregulation'®’. Further-
more, HLA-G is an impressive molecule expressed on the surface
of TAMs, allowing tumors to evade immunosurveillance'*®.
LILRs promote T-cell dysfunction and proliferation by enhancing
inhibitory cytokines IL-10 and TGF-g while reducing IFN-y and
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IL-2. For instance, the cell surface receptors LIT2 and LIT4 have
been found to compete with CD8 for MHC-I binding'*’. Other
studies have shown that inhibitory macrophages are modulated to
express HLA-G antigens, binding to ILR2 on T cells, and function
to diminish CD8" CTL activity'*’. Moreover, most activated
CD8™ T cells have been found to be able to rapidly obtain HLA-
G1 from HLA-G™ APCs via trogocytosis with direct interaction,
transferring from the effector state into immunosuppressive reg-
ulatory cells'*'. In addition, ILT4 expressed on infiltrating mac-
rophages is recognized by HLA-G1, thus influencing subsequent
immune activity'*’. Moreover, the enrichment of HLA-E on in-
flammatory macrophages is responsible for their interaction with
the inhibitory receptor CD94/NKG2A in CD8* TILs. In addition
to suppressing the cytotoxic functions of NKs, this mechanism is
further exploited by tumors to dampen CD8" CTL antitumor re-
sponses'*?. On the other hand, arginase I production by macro-
phages contributes to a vital pro-tumorigenic mechanism'**. The
interaction of IL-4 and IL-13 with TAMs allows for the secretion
of arginase I by L-arginine deprivation, which subsequently re-
stricts the CD8" T cell killing effect by inhibiting TCR CD3 ¢
chain accumulation in activated T cells'**. In addition, tumor-
derived sonic hedgehog (SHH) has been demonstrated to drive
pro-tumoral phenotype TAMs in a Kriippel-like factor 4 (KLF4)-
dependent manner. This signaling further depletes CD8% T cell
recruitment into tumors by suppressing TAM-mediated CXCL9
and CXCL10 secretion'*”.

5.3.  Tumor-associated vasculatures

TME-supported vasculatures are abnormal-stromal drivers that are
crucial for the creation of an immune-suppressive microenvironment
and are necessary for inducing tumor occurrence and recurrence.
When the volume of tumors exceeds 2 mm’, they provide nutrition and
oxygen by forming the necessary new microvascular coverage to
maintain the barrier system for the survival, proliferation, and metas-
tasis of tumors. At the same time, abnormal tumor vascularization can
eliminate the localization, adhesion, and extravasation of T lympho-
cytes to endothelial cells and tumor tissue'“°. Even in cases where
numerous CD8" T cells are recruited to the tumor site, endowed with
appropriate cytokine and chemokine attraction, abnormal blood vessels
are capable of excluding CD8™ TILs, mainly owing to the orches-
tration effects of serious extracellular factors coordinated by immune
checkpoint signaling activation. In this scenario, the interaction be-
tween CD8" T cells and tumor cells will be abrogated by markedly
inhibiting CD8" T cells entering the solid tumor site from the circu-
latory system'*’. In addition to malignant tumors, the TME is also
comprised of tight networks of surrounding cells, factors, and angio-
genesis. This communication suggests that multi-step cellular estab-
lishment is involved in immune resistance. For instance, macrophages
are able to harness T cells by dysfunctional perivascular regions to
limit their extravasation into tumor sites. Therefore, a better under-
standing of its mechanism will help to guide clinical anti-tumor
immunotherapy, relying on appropriate anti-angiogenesis agents to
reshape inflammatory vascular normalization and enhance T
lymphocyte infiltration. Mechanistically, a series of endothelium-
relevant molecules have been found to be related to the deletion of
CD8" T cells. Foremost, the overexpression of circulating vascular
endothelial growth factor (VEGF) is negatively correlated with the
homing of host CD8™" T cells into tumors, inducing apoptosis in CD8"
T cells'*. Therefore, the blockade of VEGF alone or in combination
has attracted attention, since it creates an opportunity for the devel-
opment of cytotoxic T lymphocyte immunotherapy. At the same time,

HIF-1oe may modulate vascularization by targeting VEGF-A, which is
essential for cytotoxic CD8" T cell deletion within the TME'®.
Moreover, the death mediator FASL is selectively expressed in human
tumor-driven vasculatures in large numbers of solid cancer samples
compared to normal organs'*’. In this context, the upregulated FASL is
acquired to prevent the migration of effector CD8" T cells into tumors
while Tregs accumulate, which are cooperatively modulated by TME-
inclined immunosuppressive factors, such as soluble VEGF-A, IL-10,
and PGE2. In addition, NF-«xB activates vascular FASL by recruiting
HAT P300 and acetylated histones H3 and H4 to their promoter''.
NF-«B also inversely downregulates cFLIP expression via the chro-
matin remodeling of increased HDACI, decreased P300 histone
acetylation, and reduced recruitment of transcription factor NFAT,
ultimately resulting in apoptosis'>. By contrast, the overexpression of
VEGEF-C results in an increased intratumoral CDS8 T cell priming and
migration ability in brain tumors, and shows synergistic effects with
immune checkpoint inhibition therapy'>>. Furthermore, the regulator
of G-protein signaling 5 (RGSS5) has been identified as a pivotal
vascular molecule for rejecting intratumoral CD8" T cells in tumors
via the formation of abnormal blood vessels and hypoxia'>*. During
neovascularization, endothelin B receptor (ETBR) is another mean-
ingful endothelial cell, whose upregulation hinders the inactivation of
CD8" TILs'>. In addition, the overexpression of cell-surface protein
B7-H3 is widely observed in tumor vasculatures, and has been found
to inhibit tumor CD8™" T cell infiltration'>®. B7-H3-mediated drugs are
thought to target the vasculature system to restore T cell function and
eradicate tumors'°. Researchers have found that -adrenergic receptor
(B-AR) signaling also strengthens tumor-related angiogenesis, accel-
erating pro-tumor features via AMPK pathway activation in a mouse
ovarian carcinoma model. Notably, the blockade of the 3-AR pathway
has been found to enhance the initiation of CD8" T cells'”’. Lastly,
TNF-« in tumor tissues is a crucial adverse factor for the modulation
of neovascularization. It resists the infiltration of CD8" T lymphocytes
and the uptake for anticancer drugs, whereby targeting TNF-« at low
doses may allow for the switch to be made from stabilizing tumor-

. . 58
resultant vessels to active immunotherapy'>®.

6. Antitumor immunotherapy for targeting CD8* T cells

Many basic research and clinical studies have investigated the
regulation and function of CD8" T cells in TME, providing the
possibility of modulating CD8" T cells to cure cancer. And some
efficient approaches have been succeeded in clinical, such as
immune checkpoint inhibitors and some immune-modulators tar-
geting TME.

Tumor infiltrated CD8" T cells are the main immune cells
that respond to the immune checkpoint signaling pathways due
to their high levels of immune checkpoints. They make CD8" T
cells easier to be “cheated” by tumor cells and exhausted with
less IFN-v secretion. Based on this, immune checkpoint inhi-
bition is a valuable antitumor immunotherapy manner for
improving the killing efficacy of T lymphocytes. The density of
CD8" T cells existing in TME is essential for immune check-
point blockade to impair tumor growth, and may predicate the
response to the checkpoint blockade therapy. Therefore, target-
ing immune checkpoints are promising strategies for CD8* T
cell-targeted immunotherapy. At present, the most successful
immune checkpoint targets for drug development are PD-1, PD-
L1, and CTLA-4. CTLA-4 restricts the priming of naive T cells
in the lymphoid tissues, while PD-1/PD-L1 could cause the
exhaustion of the effector T cells located in the TME'>’. Three
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PD-1 monoclonal antibodies nivolumab, pembrolizumab, and
cemiplimab have been approved by FDA'®. They can induce the
augmentation and efficacy of exhausted-CD8" T lymphocytes.
And atezolizumab, avelumab, and durvalumab are three FDA-
approved monoclonal antibodies against PD-L1. PD-L1
signaling blockade in TME can release inhibitory immunity and
make CD8" T cells normalized-activation for killing tumor
cells. And CTLA-4 blockade with monoclonal antibodies ipili-
mumab or tremelimumab can augment the density of CTLs
within the tumors, potentiate the activity of CD4™ T cells for
further enhancement of CD8" T cell-mediated immune re-
sponses'°”, as well as reduce Treg proportion and induce pe-
ripheral TCR reshaping in tumor tissues'®'. In addition, the
mTOR signaling has also been reported to negatively regulate
CD8™ T cells activation'*”. And some epigenetic targeting drugs
such as DNA methyltransferase inhibitors have been demon-
strated the potential to reverse immune suppression in various
cancer models'®*. For example, EZH2 plays an important role in
maintaining the survival of effector T cells, and EZH2 inhibitors
and DNA methyltransferase inhibitor azacitidine can affect
intratumoral CD8" T cells infiltration'>’. Moreover, recent
studies have also explored that some small molecule inhibitors
affect CD8" T cells by targeting the components of TME. For
example, CSF-1R inhibitors can reprogram TAMs, and enhance
T-cell mediated tumor eradication'®*.

7. Concluding remarks and perspectives

Tumor cells acquire adaptive immune resistance by manipulating
the immune response, most likely bypassing immune cell sur-
veillance and effectiveness by immuno-editing. In this review,
research conducted on the characteristics and regulation of infil-
trating CD8" T cells during tumor progression and metastasis in
recent decades was discussed. In addition, the intricate relation-
ship between CD8" T cells and TME-driven stromal components
was also addressed. On the one hand, tumor-related stromal cells
and infiltrated immune leukocytes cooperate to create an inflam-
matory environment to promote tumor cells survival. On the other
hand, they are also able to reprogram the TME to impair CD8" T-
cell activity.

In host, CD8™ T cells are programed to differentiate into CD8"
CTLs and traffic into the tumor site to wipe out tumor cells.
Herein the CAFs, TAMs, and endothelial cells act as three central
TME-related stromal contributors to weaken CD8' T cells cyto-
toxicity. Various factors, cytokines, and chemokines are secreted
by TME-related stromal components, such as inflammatory factor
(ILs, CCLs, CXCLs, and TGF-g, etc.), immune checkpoint mol-
ecules (PD-1, CTLA-4, and TIM-3, etc.), stromal molecules
(SDF-1, Big-h3, and ETBR, etc.), as well as some signaling
pathways (STAT3, AMPK, and HIF-1a, etc.). It is undisputable
that these factors may be reciprocal to reshape the TME and work
together to impair CD8" T cells recruitment, activation, and
cytotoxicity. And we believe that CD8™" T cell-targeted strategies
provide hope for the success of TME immunotherapy. In
conclusion, different TME components may be independent or co-
existent to impede the killing efficacy of CD8* T cells. Therefore,
targeting CD8™ T cells, or CAFs, TAMs, and other TME com-
ponents, to change the immunosuppressive state of TME could
have important implications and a high clinical value in the
development of cancer treatments. However, the interaction be-
tween CD8™ T cells and the tumor microenvironment will need to

be explored further to provide breakthroughs for anticancer
immunotherapy.
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