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Abstract

Cancer immunotherapy is a rapidly evolving concept that has been given the tag “fifth pillar”

of cancer therapy while radiation therapy, chemotherapy, surgery and targeted therapy remain

the other four pillars. This involves the stimulation of the immune system to control tumor

growth and it specifically targets the neoplastic cells rather than the normal cells. Conventional
chemotherapy has many limitations which include drug resistance, recurrence of cancer and severe
adverse effects. Immunology has made major treatment breakthroughs for several cancers such as
colorectal cancer, prostate cancer, breast cancer, lung cancer, liver cancer, kidney cancer, stomach
cancer, acute lymphoblastic leukaemia etc. Currently, therapeutic strategies harnessing the
immune system involve Checkpoint inhibitors, Chimeric antigen receptor T cells (CAR T cells),
Monoclonal antibodies, Cancer vaccines, Cytokines, Radio-immunotherapy and Oncolytic virus
therapy. The molecular characterization of several tumor antigens (TA) indicates that these TA can
be utilized as promising candidates in cancer immunotherapy strategies. Here in this review, we
highlight and summarize the different categories of emerging cancer immunotherapies along with
the immunologically recognized tumor antigens involved in the tumor microenvironment.
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Introduction

Cancer has emerged as a significant health concern that affects more than 18.1 million
people with more than 9.6 million deaths worldwide in 2018 [1]. Existing cancer therapies
including chemotherapy, radiation therapy and hormone therapy are considered to be
effective, but side effects and development of resistance during treatment significantly
hamper their efficacy. This, in turn, increases the need for an alternative approach in
combination with the conventional therapies to cure the patients [2]. Chemotherapy can

be beneficial and continues to be the current standard therapy for cancer treatment. But it
produces adverse effects as it destroys non-malignant cells and is also most likely to weaken
the immune system and sometimes even cause drug-induced secondary carcinogenesis and
recurrence following post-cancer chemotherapy [3]. In the case of radiation therapy, a broad
spectrum of radiation is used for cancer treatment. However, these radiations cannot reach
all parts of the body and cannot be effectively used for the course of action. The normal
cells that are affected during radiation therapy usually recover within a few months after the
therapy and some side effects (late effects) may show up in months or years after radiation
[4]. Surgery also reflects a comparatively low survival rate due to the severe metastatic
spread of cancer cells [5]. In this context, the scientific network actively pays more attention
to immunotherapy and a copious number of developing immunotherapy approaches have
introduced to treat cancer with maximum therapeutic effect with minimal adverse effects
[6]. Furthermore, many studies revealed that a combinatorial approach with immunotherapy
and conventional chemo-radio therapeutic agents could improve overall survival and reduce
cancer recurrence more significantly than monotherapy [7]. Combining immunotherapy with
conventional treatment might also enhance the quality of life of the patients and a collection
of studies showed positive outcomes. In 2018, Nobel prize for physiology or medicine

was awarded to James P. Allison, University of California, Berkeley and Tasuku Honjo,
Kyoto University for the discovery of inhibitors of Cytotoxic T-lymphocyte -associated
protein 4 (CTLA-4) and programmed cell death protein 1/programmed cell death protein
ligand 1 (PD-1/PD-L1) for cancer therapy [7]. This significant recognition has accelerated
immunotherapy-based research globally. The current review discusses the role of various
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TA in immune evasion as well as in anticancer immunity in tumor microenvironment. In
addition to that, insights into various immunotherapy approaches targeting the aberrantly
expressed TA in tumor microenvironment (TME) are also described briefly.

Harnessing the immune system against cancer

Oncogenesis is a complex process with an accumulation of an abundance of genetic as well
as cellular alterations within the cells [8]. The malignant transformation of cells activates the
immune system which mounts an anti-tumor response against the tumor cells. Two different
immune arms, the innate immune system and the adaptive immune system are activated
during the immune response with their corresponding activating molecules.

The innate immune system constitutes the primary host defence in our body that

mounts an immune response without prior activation by antigens [9]. Innate immunity is
encompassed of different components such as several physical barriers (tight junctions in
the mucus, epithelial, skin, and mucous membrane surfaces), anatomical barriers, epithelial
and phagocytic cell enzymes such as lysozyme, phagocytes (monocytes, neutrophils,
macrophages), inflammation-mediated serum proteins (complement, C-reactive protein,
lectin and ficolins), surface and phagocyte granule antimicrobial peptides (defensins and
cathelicidin), cell receptors that sense microorganisms and signal a defensive response
(Toll-like receptors) [10]. The adaptive immune system is comprised of CD4+ and CD8

+ T lymphocytes, which get activated upon antigen presentation by antigen-presenting
cells (APCs) followed by the production of specific antibodies against the antigen. Each
individual is having a unique immune system component with varying ability to mount
an immune response [7] due to the presence of several tumor associated antigen on the
cancer cell surface characterized by the rapid cell proliferation and immune evasion in
the tumor microenvironment (TME) [11, 12]. Turning these tumor cells into the APC is
considered the next step to improve cancer immunotherapeutic approaches. Imperfectness
in antigen presentation on cancer cells symbolizes a major immune escape mechanism in
cancer survival [13]. Restoring/forcing antigen presentation by the cancer cells may augment
the production of cytotoxic T cells and also escalate the capacity of T cells to recognise
and destroy cancer cells. This may be accomplished by a variety of anticancer treatment
strategies. These approaches may sensitise patients to T cell-based immunotherapies,
including checkpoint inhibitors [13, 14].

When the immune system is activated, certain proteins are down-regulated via multiple
immune signalling cascades and restrict the cancer cell survival. These tumor antigens

can be either tumor-specific antigens (TSA) or tumor associated antigens (TAA). Tumor
antigens are either Tumor-specific antigens (TSA), (found on cancer cells only, not on
healthy cells) [15] or tumor-associated antigens (TAA), which have elevated levels on tumor
cells, but are also expressed at lower levels on healthy cells [16] Several TAA and TSA are
contributing immune evasion in TME. TAA may significantly contribute to immune evasion
and tumor aggressiveness in the body. Many TAAs have been recognized and molecularly
characterized [17-19]. Nevertheless, only a limited number of TAAs mostly recognized by
CD8 + T cells in tumor patients have been clinically tested [20, 21]. The presence of a

large variety of TAA in tumors provides opportunities for therapy via passively transferred
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antibodies or immune lymphocytes, as well as by immunization with tumor vaccines, and
several tumor antigens are being routinely used as diagnostic markers [22, 23]. Similarly,
TSAs are also causing immune evasion in the tumor milieu, which can evade cytotoxic T
cells from TME lead to the generation of tumor-suppressive microenvironment and augment
the cancer cell growth [24]. Moreover, the abnormal expression of TSA on neoplastic cells
may lead to facilitating the escape of cancer cells from immune surveillance. They can
increase the level of immune checkpoints in the tumor milieu and cause partial or complete
loss of MHC I expression and also initiate the epigenetic silencing of neoantigens on the
cancer cells and restrict the identification of neoantigens by the immune system [25, 26].

Immune evasion in cancer progression

Cancers can escape from immune surveillance by crippling cytotoxic T cells functionality
through the generation of several immune-suppressive cytokines, either by the tumor cells or
by the non-tumor cells present in the TME, particularly including several immune cells and
epithelial cells [27]. The cluster of differentiation 8 + (CD8 +) and cytotoxic T cells (CTLs)
are fundamental critical players involved in anticancer immunity. The molecules on the APC
that present the antigen are called major histocompatibility complexes (MHC). There are
two types of MHCs, MHC class | and MHC class Il. MHC | present to cytotoxic T cells
and MHC |1 presents to helper T cells. T cell receptors recognize MHC 1/11 bound antigenic
peptides present in the cancer cells which lead to the priming and activation of T cells to
cytotoxic phenotype. Naive T cells get activated upon recognition of antigen-MHC complex
presented by dendritic cells, typical antigen-presenting cells, which provides co-stimulatory
molecules for T cell activation [28]. T cells also bind with the major histocompatibility
complex Il (MHC II) present in the APC. Immune recognition of tumor-associated antigens
by cytotoxic T lymphocytes is largely triggered via MHC class | (MHC-1) molecules

on the surface of cancer cells and MHC-I expression is also a negative regulator of

natural killer (NK) cells. Tumor-specific MHC-II expression (tsMHC-I1) may augment the
recognition of cancer cells by the immune system and therefore may play a significant role
in immunotherapy [29]. A few cancer cells can down-regulate the expression of MHC 1 and
escapes from the immune reaction. Another mechanism is due to the mutation that causes
the genetic alterations in MHC, which results in cancer cell proliferation, which in turn
decreases the sensitivity towards the cytokines [27-29].

Natural Killer Cells (NK cells) or large granular lymphocytes are a type of cytotoxic
lymphocyte, which can produce a cytotoxic effect in the way of the host rejection process.
The early stimulation of NK cells is connected with the killing of allogeneic target cells and
the release of immunomodulatory chemokines and cytokines, which can contribute to either
rejection or tolerance. NK cells can distinguish between self and foreign tissues and play

a key role in the initiation and regulation of adaptive immune responses after solid organ
transplantation. Depending upon the types of NK cell receptors engaged and the nature of
cytokines released, early NK cell activation can promote either acute rejection or tolerance.
NK cells also serve as an allogeneic effector in adoptive tumor immunotherapy. They were
named “natural killers” because of the concept that they do not necessitate activation to kill
cells that are missing “self” markers of MHC I. This role is essential as the harmful cells that
are missing MHC | markers cannot be detected and destroyed by other immune cells, such
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as T lymphocyte cells [29]. Various viral infections and abnormal cell growth have evolved
to restricts the NK cells mediated immune responses illustrating the evolutionary struggles
between viruses/cells and NK cells. Ligands for NK cell receptors are primary targets for
immune evasion in the TME. On the other hand, cancer cells adopt a different mechanism
to diverge from the immune clearance effect by reducing the level of co-stimulation by
essential molecules such as CD28, CD86 and increasing the expression of Cytotoxic T
lymphocyte-associated protein-4 (CTLA-4) and other immune checkpoint molecules, thus
down-regulate the activation of cytotoxic T cells. The interaction of CTLA-4 with the B7
molecule delivers an inhibitory signal, effectively checked by CTLA-4 inhibitors [29]. The
formation and development of regulatory T (Tregs) cells or suppressor T cells also consign
a major role in the regulation of immune reaction because they down-regulate or inactivate
the effector T cells and inhibit the interaction of T cells with the MHC 1. Tregs from an
immunosuppressive TME in cancer that helps in the rapid proliferation of cancer cells in the
body [30].

Other well-established checkpoints in cancer immunotherapy are found to be PD 1 and

PD L1. Programmed cell death protein 1, also known as PD-1 or CD279 (cluster of
differentiation 279), is a protein situated on the surface of cells that belongs to the
immunoglobulin superfamily and is expressed on T cells and pro-B cells that has a function
in control the immune system response to the cells of the human body via down-regulating
the immune system and upgrade self-tolerance by inhibiting cytotoxic T cell activity [31].
The protein restricts autoimmune diseases, but it can also prevent the immune system

from killing cancer cells. PD 1 is an immune checkpoint and acts as a protector against
autoimmunity via two mechanisms. First, it upgrades apoptosis (programmed cell death)

of antigen-specific T-cells present in the lymph nodes. Second, it brings down apoptosis in
regulatory T cells (anti-inflammatory or suppressive T cells) [32, 33]. PD-1 inhibitors, a
new therapeutic approach that inhibits PD 1 and initiates the immune system to fight against
cancer cells and is approved by the FDA to tackle several types of malignancies [34].

The PD 1 protein in humans is encoded by the PDCD1 gene [35]. PD 1 generally binds
two ligands such as PD-L1 and PD-L2. Programmed death ligand 1 (PD-L1) also known
as cluster of differentiation 274 (CD274) or B7 homolog 1 (B7-H1) is a protein that

is encoded by the gene CD274 [36]. This protein plays a crucial role in inhibiting the
adaptive signalings of the immune system during critical events such as pregnancy, tissue
allografts, autoimmune disease and other disease states such as hepatitis etc. Remarkably
the adaptive immune system reacts to antigens that are associated with immune system
activation by exogenous or endogenous danger signals. The interactions of PD-L1 to the
inhibitory checkpoint molecule PD1 exhibit a restrictive signal based on interaction with
phosphatases such as SHP-1 or SHP-2 through immunoproteins such as Tyrosine-Based
Switch Motif (ITSM) [37]. This restricts the proliferation of antigen-specific cytotoxic
T-cells in lymph nodes, while at the same time it inhibits the apoptosis in regulatory T

cells [38]. PD-1 ligand 2 (PD-L2) act as a second ligand for PD-1 also known as PD-L2,
B7-DC, CD 273 is a protein that in humans is encoded by the gene PDCD1LG2 [39].
Binding to PD-1 with PD L2 can trigger the signalings that inhibiting TCR/BCR associated
immune cell responses [40]. But, the prognostic value of PD-L2 in solid tumor patients
after surgery remains controversial. The immune-modulatory role and expression of PD-L2
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remain lesser unclear as compared to PD-L1, so its make as it a less obvious target for
cancer immunotherapy [41]. Nevertheless, studies were demonstrated that PD-L2 plays a
crucial role in the modulation of Th2 responses in cancer milieu, whereas in the background
of anti-cancer immunity Thl signalings are the most important, it does not seem good to
choose PD-L2 as a target for tumor [42]. Even though, it is significant to notice that in the
majority of research studies demonstrated that PD-L2 was expressed in only a minority of
cancer patients. In addition, it is not implausible that PD-L2 expression is more important on
the TME than PD-L1 [42].

Various research studies such as several case studies, epidemiological analysis, clinical
studies and tumor immunology revealed the prophylactical and therapeutical significance of
pathogen associated molecular patterns (PAMP) in neoplastic diseases. Pathogen associated
molecular patterns (PAMPS) are also plays a key role in cancer immunotherapy [43], which
are small molecular motifs preserved within a class of microbes. They are established by
toll-like receptors (TLRs) and other pattern recognition receptors (PRRs). Upon PAMP
interaction, pattern recognition receptors (PRRS) initiate intracellular signaling cascades and
finally terminate the expression of a variety of pro-inflammatory a protein, which together
organize the early host response to infection, and also plays a role in the activation and
shaping of innate immunity. TLRs are membrane-bound proteins localized at the cellular

or endosomal membranes, recognizing PAMPs through the LRR domain and transducing
signals to the intracellular environment through the TIR domain. TLRs via PAMP-TLR
interaction stimulates receptor oligomerization, which afterwards induces intracellular signal
transduction.

At present, 10 TLRs have been known in humans, and they each recognize distinct PAMPs
derived from various microbial pathogens, including viruses, bacteria, fungi, and protozoa
[44]. Initiation of TLR activation during vaccination, either as part of the immunogen or as
an adjuvant, is the most explored application of TLR agonists [45]. Direct TLR stimulation
has been demonstrated in the case of the bacillus Calmette-Guérin (BCG) vaccine for the
prevention of tuberculosis and some types of cancers, in which cell wall components of
BCG, including arabinogalactomannan and peptidoglycan, activate TLR2 and TLR4 in a
MyD88-dependent manner [46]. An immunotherapy with a ragweed-TLR9 agonist vaccine
against allergic rhinitis was found to be a successful example with an observed shift in the
Th2/Th1 ratio with significant clinical outcomes [47]. In the treatment of infectious diseases,
agonists of TLR3, TLR7, TLR8, and TLR9 have shown some prospect, particularly against
chronic viral infections, where the mechanism seems to involve the production of type I
IFN and generation of IFN-dependent antiviral responses. Eventually, a very important use
of TLR agonists is in the treatment of different malignancies due to its immunomodulatory
action [45, 48].

PAMPs also can recognise nod like receptor (NLR). Studies discovered that TLR-
independent recognition of pathogens is completed by a large group of cytosolic PRRs,
which can be broadly classified into retinoid acid-inducible gene I (RIG-1)-like receptors
(RLRs) and nucleotide-binding oligomerization domain (NOD)-like receptors (NLRs)
[49]. Whereas NOD1 and NOD?2 activation results primarily in the stimulation of
proinflammatory gene expression, other NLR proteins are involved in the activation of
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caspases. Recently, augmentative evidence has extended the idea that chronic inflammation
caused by aberrant NLR signaling is an omnipotent driver of carcinogenesis, where it abets
genetic mutations, tumor growth, and progression [50].

Cancer immunotherapy is available in many ways, which include targeted monoclonal
antibodies, adoptive T cell transfer, tumor vaccines, tumor-infecting viruses’ therapy,
checkpoint inhibitors, cytokines, and adjuvants [51]. Immunotherapies are a form of
biological therapy (Biological Response Modifier (BRM) therapy) as they contain materials
from residing organisms to combat opposition to most cancer cells. Some immunotherapies
make use of genetic engineering techniques to enhance immune surveillance against
neoplastic cells in the body. Immunotherapy treatments for preventing, handling or treating
specific cancers cells can also be utilized in combination with chemotherapeutic drugs,
surgical treatments, radiation therapy or targeted treatments to enhance the effectiveness of
the treatment methods. Gene therapy is also used in cancer to improve the selectivity of
immune-checkpoint directed treatments and facilitate their entry to the tumor tissue and
restore unbalanced mechanisms [51, 52].

Tumor immune evasion is one of the main obstacles in designing successful anticancer
therapeutic approaches. Several factors produce cancer persistence even though having a
normal host immune system. Tumor immune evasion is one of the significant characteristics
with which cancers are escaping from the normal immune reaction. Abnormal presentation
of tumor-associated antigens (TAA) on the cancer cells is normally hindered the anti-tumor
immune response and elicit cancer cell invasion. Cancer immunotherapy is found to be
very effective in many types of cancer. It is found to have the ability to reinforce the
immune system to fight against tumors and demolish cancer. Some patients have shown

a dramatic and lasting response to this new treatment method, which include Chimeric
Antigen Receptor T cells and immune checkpoint inhibitors strategies [53]. In certain

rare patients with malignant tumors, they had their tumors disappear absolutely following
treatment with immunotherapy [54].

Tumor antigens—strategies in immune evasion and cancer progression

Tumor antigens are the antigenic substance that are present in cancer cells. The abnormal
expression of these tumor antigens may lead to the development of cancer progression

by suppressing the immune signals in the TME [55]. Tumor antigens serve as potential
candidates in cancer therapy. When normal cells change into malignant cells, antigens on
their surface may change. If the immune system observed that a foreign substance is present,
the system will launch the body’s defence system such as cytotoxic T cells, NK cells,
macrophages and other cytokines [56]. But, most of the time, the immune system fails to
stop the malignant transformation of cells. Cancer develops in the background of a weak
immune and scientists are now focusing on various aspects to shape immune cells into an
inventive new anti-cancer weapon. They are named as immunologically relevant substances
termed as biological response modifiers with the ability to mimic immune proteins to
down-regulate the overexpressed immune oncoproteins [57]. Here we are choosing some
potential tumor antigens that have relevance on cancer cell progression due to their abnormal
signaling in the TME and also emphasize the role of these antigens in immune evasion.
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Heat shock protein (HSP)

Heat shock proteins (HSPs) are generally expressed in cells under stressful environments,
thus recognizing the highly conserved stress response chaperone proteins. HSPs are highly
expressed in various types of tumors. Circulating HSPs are associated with cancer cell
proliferation, differentiation, invasion and metastasis [58]. The level of circulating HSPs and
their corresponding antibodies are considered as a biomarker for analysing the early stage
and progression of cancers. Moreover, the overexpressed HSPs in tumor cells decrease the
sensitivity of chemotherapeutic drugs. Protective and destructive immunological responses
around the TME are also balanced by some of the HSPs that present in the cancer cells [59].

Several stress conditions in the TME lead to the generation of more numbers of tumor

cells in the body. These kinds of induced stress factors can activate heat shock transcription
factors (HSFs) present in the tissue and will favour their dissociation from heat shock
proteins. The phosphorylation proceeds gradually after the dissociation. The dissociated heat
shock transcription factors translocate into the nucleus. They bind with heat shock elements
(HSE) induce the transcription of heat shock proteins such as HSP70, HSP90 and HSP27.
This will help to maintain the up-regulated level of HSP 70. Recently, studies showed that
HSPs are a potent multifaceted transformer of carcinogenesis. These are mostly distributed
into the TME altering the immune response against malignant cells. In immunosuppressive
circumstances, the HSPs increase the survival, proliferation and metastasis of tumor cells by
activating their cellular safeguard machinery pathways [59, 60]. Sometimes the cancer cell
death and the survivals are controlled in the optimal level by the immune response that is
aroused by HSPs [61].

HSPs elicit tumor progression under stressful conditions such as hypoxia, radiation, and the
presence of drugs [62]. HSPs also show critical roles in inhibiting apoptogenic molecules
via modulation of several signaling cascades such as JINK, AKT, and NF-xB [63]. There
are different types of HSPs present in the body. They produce cancer proliferation and
immune evasion in different ways. HSP27 alter the WNT catenin and hippo pathways and
consequently activate TGF- beta and SMAD and trigger metastatic and oncogenic pathways
[64]. HSP40 activate the expression of IQGAP1 in various types of cancers and is more
aggressive in colorectal and ovarian cancers; IQGAP1 is now established as a protein
scaffold that integrates various signals that controls cell adhesion, actin cytoskeleton, the cell
cycle and other cellular functions. IQGAP1 is particularly interesting as a therapeutic target
since it plays significant role in many signaling pathways implicated in cancer progression
such as Ras — Raf — MEK — ERK and MAPK signaling pathways [65]. HSP70 elicit
tumor progression via the activation of different intracellular pathways such as P13K, AKT,
EMT, JAK-STAT, FAK, Src and Pyk2 and extracellular pathways and proteins such as
IFN-y~, STAT3 and MMPs [66]. HSP90 attenuate oncogenic signaling pathways through
p53, ErbB, PISK/EKT, JAK2/STAT3, ERK, JNK, HIF and EMT [67].

Studies indicate that Heat shock protein-peptide complex 96 (HSPPC 96), Glycoprotein 96
(GP 96) [68], HSP 70 based vaccine [69, 70] are under clinical trial for the treatment

of adult high-grade glioma, colorectal cancer and cervical cancer respectively. Several
significant advances have been made in the field of HSP-based onco-immunology, including
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the usage of anticancer vaccines [71-74]. Studies revealed that a combination of HSP
vaccines with adjuvants and anti-CTLA antibodies will help to increase immunity and also
produce anti-tumor immune responses in the TME [75].

Mitogen-activated protein kinase (MAPK or MAP kinase)

It is a type of protein kinase, which specifically contains amino acids such as serine

and threonine. MAPKSs can elicit the cellular response to diverse stimuli such as
proinflammatory cytokines, mitogens, osmotic stress, heat shock etc. These proteins
regulate cellular functions such as differentiation, mitosis, proliferation, gene expression
and apoptosis. MAPKSs signals are normally hyperactivated due to mutations that occur

in the proto-oncogenes (B-Raf proto-oncogene, serine/threonine kinase) [76]. A variety

of oncogenic stimulation can also cause hyperactivation of MAPKSs pathways and these
may lead to abnormal cancer cell progression in the body. Preclinical reports suggest that
inhibition of MAPK-pathway can effectively increase the potency of cancer immunotherapy.
Based on the current evidence, several components/proteins in the MAPKs network can be
considered as a potential target for cancer immunotherapy.

Numerous pathogens target host intracellular signaling cascades including MAPK pathways
that inhibit immune responses against cancer proliferation [77, 78]. MAPK signaling
network can be exerted via three primary cross-signaling pathways such as ERK, p38,

and JNK, each comprising several levels of kinases. MAPK signaling can be activated

by internal and external stimuli, which results in either a tumor-suppressive or oncogenic
event. ERK (extracellular signal-regulated kinase) is a protein that belongs to the category
of MAPK. ERK signalling is prominent in a variety of cancers by controlling benign and
malignant cellular functions during cancer development such as cancer cell proliferation,
differentiation, motility and survival. On the other hand, ERK is also essential in the
regulation of T-cell biology. In mature cytotoxic T-cells, ERK is generally activated upon
the interaction between the T-cell receptor (TCR) and major histocompatibility complex
(MHC) on APC [79, 80]. JNK (c-Jun N-terminal kinases), is another protein that belongs
to the family of MAPK. JNK2 can target jun proto-oncogene to promote apoptosis, during
cell proliferation. INK2 specifically targets nuclear factor receptors present in the activated
cytotoxic T-cells (NFAT) to facilitate DNA binding. After that, JNKs cooperates with
MEKK?2 protein signalling to enhance the IL-2 biosynthesis, playing crucial roles in TCR/
CD3-mediated cytotoxic T-cell signalling [80]. RAS is a kind of proto-oncogene, which
can elicit the activity of p38, another class of MAPKSs. The activation of P38, which

in turn activates the transcription of NF-xB. These transcription factors can regulate the
intracellular pathways and integrate the signals from the surrounding tissue of cancer cells
and the immune system. These signals maintain a balance between tumor cell survival and
cell death. Upregulation of NF-xB activity can increase the activity of several genes that
cause cancer cell survival, cell metastasis and progression [81].

The immune response is one of the respective key functions modulated by MAPKS, with the
secretion of various immunomodulatory cytokines, such as tumor necrosis factor (TNFa.),
interleukin (IL)-1, IL-10, and IL-12 stimulated via the activation of p38 MAPK, JNK, and
ERK pathways [82]. The restrictive cytokines, IL-12 and IL-10, synthesized by specialized
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dendritic cells (DCs) and macrophage cells, play an essential role in the coordination of
the immune response since IL-12 inflect the development of a Th1 response [83]. MAPK
inhibitors such as Trametinib, Selumetinib, G-38963, BVD 523 are under clinical trial with
a combination of immunotherapy for the treatment of breast cancer, lung adenocarcinoma,
colon carcinoma [79].

Glypican-3 (GPC- 3)

GPC3 is an immune protein consisting of 580 amino acids. The major constituent that
presents in the GPC3 is heparan sulfate proteoglycan which is closely bound with the cell
membrane by glycosylphosphatidylinositol linkage. This protein is expressed specifically in
the liver of a healthy foetus but, not expressed in the adult liver. The protein core of GPC3
possesses two subunits named as the N-terminal subunit (~ 40 kDa) and the C-terminal
subunit (~ 30 kDa). Cell-surface possessing heparan sulphate proteoglycan is composed of
membrane-linked proteins attached with a variable number of heparan sulphate units present
in the membrane. These proteins play a role in the metastasis and growth regulation of
cancer cells [84].

GPC3 can interact with both Wnt and frizzled (FZD) proteins to form a reaction complex
and initiates a down-stream signaling process. The Wnt signalling process is normally
activated by the core protein present in the GPC3. The hydrophobic core that is in the
GPC3 is the N subunit, which is a cysteine-rich domain with the ability to interact with
Wnt3a [85]. This particular interaction of GPC3 with the N terminal domains obstructs

the Wnt activation. Studies demonstrated that overexpression of GPC3 in the cancer

cell surface elicits rapid cell proliferation and metastasis. Studies revealed that GPC3 is
overexpressed in liver cancer and it is crucial to understand the modulatory mechanisms of
GPC3 expression during liver carcinogenesis [86]. Trinh et al. demonstrated that epigenetic
alternations such as both DNA methylation and histone regulations were significant for the
transcriptional modulation of GPC3 in various cancers [87]. Li et al. shows that GPC3 is

a direct transcriptional target of c-Myc and that c-Myc overexpression augmented GPC3
levels in neoplastic cells [88]. c-Myc is a master regulator oncogene, GPC3 dependent over
expression of c-Myc will cause metabolic changes in the cancer cells and produce cancer
cell survival [89].

GPC3 is a promising therapeutic target for treating liver cancer. Several therapeutic anti-
GPC3 antibodies such as GC33 and YP7have been introduced to improve the immune
reactions in the body to fight against the cancer. YP7 and other murine monoclonal
antibodies that recognize the C lobe of GPC3 and they were developed by the laboratory

of Dr Mitchell Ho at the National Cancer Institute by hybridoma technology. Clinical
application of these antibodies was further confirmed after being humanized. Human single-
domain antibodies such as HN3 targeting the N-lobe of GPC3 and the human monoclonal
antibody HS20 targeting the heparan sulfate moiety of GPC3 by phage display technology
are identified at the same institution [86]. HN3 and HS20 antibodies can constrain the Wnt
signaling in liver cancer cells.
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Other GPC3 based therapies against hepatocellular carcinoma include immunotoxins based
on HN3, GC33. The chimeric antigen receptor (CAR) T cell immunotherapies based

on GC33, hYP7, the antibody—drug conjugates based on hYP7 and the T-cell engaging
bispecific antibodies derived from YP7, and HN3. In mice with xenograft or orthotopic liver
tumors, CAR (hYP7) T cells can eliminate GPC3-positive cancer cells, possibly by inducing
perforin- and granzyme-mediated apoptosis or reducing Wnt signaling in tumor cells [86,
90].

Mucin 1 (MUC 1)

Mucins are specifically arranged in the apical surface of epithelial cells in the lungs, liver,
intestines, stomach, eyes and several other organs [91]. The prime role of Mucins is to
protect the body from infection caused by pathogen and further binding to oligosaccharides
arranged in the extracellular space of the cells, anticipating the pathogen to reaching the cell
surface. But, overexpression of MUC1 is associated with colon, liver, breast, ovarian, lung,
and pancreatic cancers [92, 93]. Mucin 1 is a cell surface-associated TAA (MUCL1) named
polymorphic epithelial mucin (PEM) or epithelial membrane antigen (EMA) which consist
of mucin protein encoded by the MUCL1 gene in it [93]. MUC1 is a type of glycoprotein
with extensive O-linked glycosylation to its extracellular protein domain or towards the cell
surface.

MUCL1 protein associated antibody-mediated cellular immune reactions have been shown
to exert a positive effect on cancer patient’s therapeutic outcomes. The over expression of
aberrantly glycosylated MUC 1 is prominently associated with various types of cancer.
Aberrantly glycosylated MUC 1 always possesses a tumorigenic role in the cancer
progression and thereby aberrant expression and cellular localization of MUCL1 proteins

in different cancers could act as prognostic marker. MUC 1 is more importantly act as

a negative regulator of toll-like receptors (TLRs). TLRs play vital roles in the innate
immune system through identifying pathogen-triggered molecular signals resulting from
various microbes. They are single-pass membrane-spanning receptors frequently expressed
on various immune cells such as macrophages and dendritic cells, thereby they increase the
maturation of T cells and upregulate the level of co-stimulatory molecules such as CD80
and CD86 essential for the stimulation of naive CD4 + T-cells and suppression of regulatory
T-cells (Treg) via IL-6 production [94, 95].

MUC 1 is a highly immunogenic TAA, where its hypo-glycosylated, it develops an
immunosuppressive TME and is considered a hallmark for tumor progression. Aberrantly
glycosylated MUC 1 may decide the effect of MUC 1 on the immune system and produce
tumorigenesis [96]. As mentioned earlier intracellular and extracellular glycosylation of
MUC 1 is mainly mediated by two carbohydrates groups, O-glycan and N-glycan and
thereby, changes in these carbohydrates also indirectly affect the cancer-associated immune
proteins and modulate the differentiation, proliferation, progression and development of
tumor immunosurveillance. In addition to that, glycosylation of MUC 1 can affect the
kinetic & thermal charges and thermostability of cancer-associated proteins in folded or
unfolded state [97].
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Improving MUC1-associated immunity through the use of MUC 1 based vaccines, MUC1-
specific antibodies, and MUC 1 based T cell transfers represent a vital strategy in the

fight against malignant cells [91]. Different types of MUC1-based vaccines that have

been developed for cancer therapies are in preclinical and clinical trials. These vaccines
include the vaccinia virus vaccine, peptide/protein vaccines, DNA vaccine and dendritic
cell-based vaccine. To boost the immune responses of vaccines; vaccine carriers such

as mannan, keyhole limpet hemocyanin, and as an adjuvant including Bacillus Calmette-
Guerin, incomplete Freund’s adjuvants, and saponin, were all tried along with the vaccines
with varied successes [98].

New evidence and hypotheses are evolving on the efficiency of MUC1 vaccines in treating
the cancer patient population. The evidence suggests that the innate immune status of
individual patients determine the success rate of MUC1-based immunotherapy. Conventional
treatments in combination with MUC1 immunotherapy benefits oestrogen receptor-positive
breast cancer patients. Promising results from the hypotheses leads to several active clinical
trials, which confers a ray of hope into the field of MUC1 cancer immunotherapy. The future
success of MUC1 Immunotherapy may also reside in the combination strategies of its use
with chemotherapy, targeted therapy, and hormone therapy [99].

Phosphoinositide 3-kinases (PI3Ks)

P13Ks are a family of enzymes and different types of PI3K isomers plays a key role in

cell proliferation, metastasis, cell differentiation, cell motility, cell survival and intracellular
trafficking in the tumor. The PI3Ks increase the incidence of cancer cell survival by acting
on the transformed cells directly, interfering with the supportive stroma and nutrient supply
to the cells, or by enhancing more significant immune responses against the cancer cells
[100]. PI3K has a crucial role in cancer immune evasion triggered by establishment of

an inhibitory myeloid microenvironment in addition to its well-established, cell-intrinsic
oncogenic role. Activating mutations in PI3K may be useful as a biomarker of poor response
to immunotherapy. [101]. The PI3K signaling can be responsible to a certain extent, for
transformed cells escaping from immunity. The over expressed P13K in the tumor mileu
decreases the activity of NKG2D and down-regulate the activity of NK cells. A reduced
NKG2D expression and function in NK cells following chronic exposure to NKG2D ligands
and/or soluble forms of MIC (sMIC) leads to a immune surveillance failure [102].

Malignant cells can drive immune suppression via multiple mechanisms, such as the
secretion of immune-suppressive cytokines and chemokines including TGFp and IL-10
[103]. PI3K dependent, tumor cells can also elicit their malignancy via emulating some
immune cell chemotactic responses in the TME. The chemokine CCL5 (RANTES),
previously known as a motility factor for some leukocytes during inflammation, can
generate migration and metastasis of neoplastic cells. This may further cause the de novo
expression of CCL5 receptor (CCR5) at cancer cell surface, which is not present in non-
cancerous cells [104]. Tang et al. have documented that chondrosarcoma cells express
CCR5 and can sense CCL5 resulting in increased cell migration and metalloproteinases-3
secretion. The PI3K and NF-xB pathways have been shown to play an essential role in
this scenario for immune evasion in cancer cells [105]. PI3K& inhibitors can enhance CD8
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+ T-cell-mediated cytotoxic anti-tumor response by activating dendritic cells to increase
the production of more IL-12 and by inhibiting regulatory T cells and myeloid-derived
suppressor cells, which can antagonize cell- cell-mediated immunity in cancers [106].

Human leukocyte antigen G (HLA G)

HLA-G (histocompatibility antigen, class I, G), is over expressed in cancer cells to suppress
the cancer-induced immune response. Hence HLA G act as an immune checkpoint in
cancer to defend against an immune response. This may result in the proliferation of

tumor cells that do express HLA-G. Many studies demonstrated that, HLA-G as a hew
immune checkpoint in tumor [107]. Thus, HLA-G and its receptors might be targets

for immune checkpoint blockade in cancer immunotherapy. The positive organization
between the expression of pro-inflammatory transcripts and HLA-G could show that
HLA-G is a counter-regulatory mechanism that follows the intra-tumoral infiltration

of activated lymphocytes. In fact, the expression of classic immune checkpoints like
programmed death ligand-1 (PD-L1), programmed cell death protein 1 (PD1), cytotoxic T-
lymphocyte-associated protein 4 (CTLA-4), and indoleamine 2,3-dioxygenase dioxygenase
1 (IDO1), also has a high correlation with pro-inflammatory transcripts. Various in vitro
studies demonstrated that HLA-G-negative leukaemia, glioma, ovarian carcinoma, and
hepatocellular carcinoma cell lines are more expeditiously killed by NK cells compared

to their HLA-G present cells [108, 109]. Interestingly, inhibition with HLA-G antibodies
restored the NK cells triggered lysis of the targeted tumor cell lines, suggesting a role for
HLA-G in tumor immune evasion that can be modulated. Additionally, the in vivo role of
HLA-G as a tumor immune escape mechanism has been demonstrated in mouse models
[110, 111]. It is important to consider that a murine counterpart of HLA-G does not exist
and, therefore, it is debatable whether results from such murine models would translate to
human physiology. In humans, the frequency of HLA-G expression has been widely studied
using IHS and analyzed in relation to clinical outcome. Most studies show that HLA-G
expression in cancer is associated with a poor clinical outcome in patients [112, 113],
suggesting that HLA-G plays a role in immune evasion and disease progression.

Metadherin (MTDH)

Metadherin (MTDH) is a protein also known as LYRIC or astrocyte elevated gene-1 protein
in humans (AEG-1), which is encoded by the gene MTDH [114]. Overexpression of MTDH
was detected in large number of cancers. Notably, several immunogenic studies confirmed
the presence of auto-antibodies against the MTDH in cancer patients [115]. MTDH is a
multifaceted; pro- oncogenic factor which plays a central role in the cancer progression.
Studies have demonstrated that MTDH can interfere the major cellular pathways such

as MAPK, wnt/p-catenin, PI3BK/AKT and NF-xf, and promote tumor metastasis [116].
MTDH/AEG-1 stimulates cancer cell survival by obstructing apoptosis, and promote cancer
progression via multiple PI3K/Akt signalling [117]. On the other hand, MTDH/AEG-1
mediated PI3K-Akt pathway elicits an invasive phenotype and angiogenesis in tumor cells
[118]. MTDH mediated angiogenesis is mainly interconnected with the functions of vascular
endothelial growth factor (VEGF), epithelial mesenchymal transition (EMT) and IGFBP7.
Most of the research works clearly demonstrated that MTDH raises the expression of VEGF
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via the PI3K/AKkt pathway in head and neck squamous cell carcinoma [119]. MTDH is also
related with expression of N-cadherin markers in hepatocellular carcinoma (HCC) such as -
catenin, E-cadherin, snail, and N-cadherin. Evidences suggests that the association between
MTDH with the pro-survival pathways promotes Wnt/p-catenin signalling by increasing the
expression of the lymphoid enhancer binding factor 1 (LEF-1) and GSK3p in HCC and
chronic lymphocytic leukemia [120, 121]. Overexpression of MTDH in HCC augments the
up-regulation of multiple genes and signaling pathways including the stimulation of ERK
42/44, Mitogen Activated Protein Kinase (MAPK) signaling pathway and p38. Stimulation
of ERK 42/44 and p38 MAPK enhanced GSK3p phosphorylation which in turn drives
[B-catenin nuclear translocation and thereby activate Wnt signalling [122]. Pro-inflammatory
endotoxin Lipopolysaccharide (LPS) stimulate the expression of MTDH in triple negative
breast cancer and produce cancer proliferation [123]. Studies show that Serum MTDH
MRNA expression was reported to produce cancer proliferation in colorectal cancer. The
increased expression of MTDH mRNA is connected with advanced tumor characteristics
and lower disease-free survival rate. Therefore, it can be considered as a useful non-invasive
biomarker for screening, early diagnosis, and prognosis of cancer patients [124].

Recently identified three T-cell epitopes within the MTDH protein supports its potential
value as a cancer vaccine target. Studies have examined that MTDH based DNA vaccines
have significant effect on cancer as they boost the anticancer immune responses in the

TME [125, 126]. Several research works proved that the combination of MTDH based gene
vaccine with granulocyte—-macrophage colony-stimulating factor and paclitaxel may produce
better therapeutic effect against prostate cancer [125] Table 1.

Cancer immunotherapy—different treatment approaches

The immunotherapy approaches combat against most cancers cells by way of: “revved up”
(Boosting the immunity) immune device with “Marking” cancer cells so that the immune
system can discover and destroy the malignant tumor cells [127]. This continues the cancer
cells from being capable to hide, beyond that, helping the immune system of the body to
discover most cancer cells and provides therapy like radiation, chemotherapy, or even T cells
at once to the cancer cells. There are several types of immunotherapeutic approaches in
cancer therapy.

Checkpoint inhibitors

Cancer immunity cycle is strictly regulated to prevent excessive immune activation and
thereby the occurrence of uncontrolled inflammatory reactions in employing some co-
inhibitory molecules. A co-inhibitory receptor with its corresponding ligand is called a
checkpoint. Inhibition of these checkpoints helps in immune regulation and can be used as
a novel therapeutic intervention for cancer treatment. Immune system checkpoints abrupt
immune activation and thereby avoid the occurrence of autoimmune responses. Tumor

cells can escape from the immune system attack by over-expressing checkpoints blockade
molecules. These novel approaches are collectively termed checkpoint inhibitors. They slow
down or prevent an immune cell reaction when healthy tissue is threatened by immune
activity.
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Some cancers will set off or down-regulate these checkpoints to avoid being attacked by

the activated immune cells. New drugs, known as checkpoint inhibitors are planned to turn
off these checkpoints and help the body to locate and fight against rapidly proliferating

cells [128]. Most patients who manage immunotherapy are of PD-1 (Programmed

death receptor-1) /PD-L1 (Programmed death receptor ligand-1) inhibitors or CTLA-4
(Cytotoxic T-lymphocyte-associated antigen 4, additionally referred to as CD152 (Cluster of
differentiation 152)) inhibitors. Checkpoint inhibitors have been authorized for the following
cancers include Merkel cell carcinoma, liver cancer, melanoma, non-small cell lung cancer,
head and neck cancer, cutaneous squamous cell carcinoma, small cell lung cancer, kidney
cancer, lymphoma, bladder cancer, breast cancer and cervical cancer [129]. In the case

of checkpoint inhibitors, some clinical trials are available for checkpoint inhibitors in
combination with chemotherapy or other immunotherapy methods.

Overexpression of PD-1 and PD-L1 leads to immune suppression in most of the cancers
and inflammation processes. The binding of specific PD-1 ligand (PD-L1) on the tumor

cell surface to the PD-1 receptors present on T cells leads to inactivation of cytotoxic T
cells and they send an off signal to the immune cells which in turn leads to inactivation of
T-cells. Activated PD-1 receptors bind with the corresponding ligand (PD-L1) present on the
surface of cancer cells and the immune tolerance is developed. This tolerance may prevent
the interaction of T cells with the MHC and shut down the immune reaction [130]. CTLA-4
is another checkpoint that is prominently overexpressed in most of the fatalities and is
mainly involved in immune evasion of malignantly transformed cells. CTLA-4 is a homolog
of CD28 and co-stimulatory molecules such as CD 28 acts as the substrate for CTLA-4

on T cells. The binding of CD28 to the overexpressed CTLA-4 hinders its co-stimulatory
action and T cell priming [131, 132]. Anti-CTLA-4 antibodies can block the interplay

of CTLA-4 with their corresponding ligand and facilitate the interaction of T cells with
most cancer cells. Preclinical studies on PD-1, PD-L1, and CTLA-4 inhibitors indicate the
decreased tumor shot and the survival improvement in most cancers. Monoclonal antibodies
that block CTLA-4 (Ipilimumab) or PD-1 (Nivolumab, pembrolizumab)/ PDL1 (Avelumab,
Durvalumab) have recently got approval for treating different cancers and clinical trials are
ongoing for the treatment of several cancers [133] (Fig. 1).

Other monoclonal antibodies

Checkpoint inhibitors are considered as a form of monoclonal antibody (mAb), but all mAbs
are not having the same actions in cancer sites like check point inhibitors.

Monoclonal antibodies have the capability to recognize the tumor antigens present on the
cancer cells and and attack most of the cancerous cells. Each mAbs are made to locate,
connect, and communicate with a particular protein that occurs in the malignant cells [134].
There are several monoclonal antibodies, targeting the different tumor antigens present on
the cancer cells such as EGFR, CD38, GD2, SLAMF7, CCR4, CD20, PDGFR, HER2,
VEGFR2, Nectin 4, CD79B, TROP2, CD19, CD3 etc. [135]. mAbs work by recognising
specific tumor proteins on cells in altered ways depending on the tumor antigen they are
targeting. The prime mechanism of many antibodies that elicit cancer cell death is by the
inhibition of growth factor receptor signaling. Pro-survival signaling is distressed when
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mAbs bind their corresponding target growth factor receptors and manipulate its signalings
via the inhibition of ligand binding [136].

Epidermal growth factor receptor (EGFR) is overexpressed in many cancers and signaling
via EGFR leads to cancer cell proliferation, migration, and cell invasion. Cetuximab, which
is an anti-EGFR mADb, persuades apoptosis in neoplastic cells via inhibiting the ligand
binding and receptor dimerization in the cancer cells [137]. Human epidermal growth
factor receptor 2 (HER?2) is a tyrosine kinase protein that is aberrantly expressed in several
cancers, especially in breast carcinomas [138]. It is different from EGFR, that it has no
known ligand for their activation and in its place hetero-dimerizes with other growth factor
receptors to augment their activation [139]. Therefore, antibodies targeting HER?2 achieve
signaling perturbation by inhibiting heterodimerization and internalization. Trastuzumab was
the first FDA approved anti-HER2 mAb and remains a vital component of therapy for
HER2-amplified breast cancer [140].

CD20 was found to be abundantly expressed on the surface of cancerous B cells in
non-Hodgkin’s lymphoma, but not found on healthy immature B cells. Therefore, a mAb
treatment that targeted CD20 could eliminate the cancerous cells, but immature B cells
would remain to replenish the supply of healthy cells. Thus, CD20 became the first

target for mAb therapy and the anti-CD20 mAb rituximab was the first mAb to be

approved for the treatment of cancer [141]. Most mAb remedies, which does not belong to
category of checkpoint inhibitors such as Elotuzumab (multiple myeloma), Mogamulizumab
(Cutaneous T-cell lymphoma), Olaratumab (sarcoma), Ramucirumab (gastric cancer),
Pertuzumab (breast cancer), Enfortumab vedotin (bladder cancer), Sacituzumab govitecan
(triple negative breast cancer) are used for the treatment of several cancers [142].

In immunotherapeutic aspect, several clinical studies are ongoing to establish the effects
of mAbs in different malignancies. Combination of mMFOLFOX6 + Bevacizumab + PD-1,
phase I clinical trial is pursuing to appraise the efficacy and safety of this mAb combination
in patients with local advanced colorectal cancer (NCT04895137). A phase Il clinical trial
in progress to assess the effect of ixazomib and rituximab in Bruton Tyrosine Kinase
Inhibitor Resistant Mantle Cell Lymphoma. Immunotherapy with rituximab may induce
changes in body’s immune system and may interfere with the ability of cancer cells,
thereby inhibit its progression. Giving ixazomib and rituximab may be effective in treating
patients with mantle cell lymphoma compared to rituximab alone (NCT04047797). More
than a few numbers of clinical trials establish the effectiveness of different mAbs and its
combination in different cancers (NCT01637532 (overian cancer), NCT04744649 (gastric
cancer), NCT03950154 (colorectal cancer), NCT01922921 (breast cancer), NCT03579927
(mantle cell lymphoma) etc.).

Adoptive (or cart) cell therapies

CAR- T cell therapy is considered as a type of adaptive immune cell therapy where T cells
are collected from a patient’s tumor sample, taken to a laboratory where the T-cell receptor
is incorporated with tumor antigen-specific antibody receptor to get chimeric antigen T
(CAR-T) cells. After expansion, once back to the patients, those changed T cells can locate
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or target and destroy most of the cancer cells by T cell-mediated immune reaction. This
method is being tested in numerous types of cancers. The CAR- T cells usually consist of
an Antigen recognition area, a hinge area, a transmembrane area and an intracellular T cell
signalling area [143].

CAR- T cell method is the best available choice for the treatment of cancer-based on
immunotherapy. It is an accepted treatment procedure for both lymphomas and leukaemias
[144]. CAR- T cells are artificially built that can target antigen-presenting cells (APC).
They can bind with the target antigen via single-chain variable fragments and produce
immune regulation to destroy the tumor cells [145]. A chimeric antigen receptor (CAR)

is composed of several components, each of which contributes in the direction of the

right activation of T Cells, capability, and endurance of CAR- T cells. The combinational
strategies of chemotherapeutic drugs with CAR- T-cell therapy and checkpoint inhibitor
such as antagonistic antibodies against CTLA-4 and PD1/PD1-L have a great potential

in cancer therapy [146]. CAR-T cell strategies are an effective novel therapeutic with
outstanding success in several solid tumors and emerge a new era for cancer immunotherapy

(Fig. 2).

Cancer vaccines

Cancer vaccines are designed to elicit an immune response against TSP and TAA,
encouraging the immune system to attack cancer cells bearing these antigens [147].
Different types of therapeutic vaccines have been developed including whole tumor cell,
tumor-cell lysates (gene-modified tumor cells, protein- or peptide-based vaccines), RNA and
DNA vaccines, viral vector engineered vaccines to express tumor antigen and DC-based
vaccines loaded with DNA, RNA or peptides for cancer therapy [148-153]. Presently,
Sipuleucel-T (Provenge®) is a well-established cell based cancer immunotherapy used as

a vaccine to treat prostate cancer. Provenge® is made from the patient’s white blood

cells. These cells are dispatched to the laboratory and they have the capacity to attack
prostate tumor cells and they are then re-infused into the patient [154]. Many preclinical and
clinical trials have been performed to evaluate the safety and efficacy of different vaccine
approaches. A phase 1I/111, randomized clinical study is currently ongoing on glioblastoma
patients to test the efficacy of DC-based vaccine (NCT03548571), Similarly, MUC-1

based and immunostimulatory cytokine I1L-2 (TG4010) vaccines were tested in a phase

Il clinical trial in patients with metastatic renal cell carcinoma. ROSTVAC (PSA-TRICOM),
a poxviral-based prostate-specific antigen vaccine has been assessed in a phase Il clinical
trial in patients with metastatic prostate cancer [155]. The combination of antiangiogenic
treatments with different vaccines has also been emerged as an innovative strategy against
cancer (NCT01582672) [156].

Bacillus Calmette-Guerin (BCG)

Bacillus Calmette-Guerin (BCG) is intravesical immunotherapy for primary-stage bladder
cancer. It’s prepared from the weakened stress of Mycobacterium Bovis, generally used as
a vaccine for tuberculosis. BCG is used for both non-invasive or stage zero and minimally
invasive or stage one bladder cancers. It typically follows a method referred to as trans-
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urethral resection of bladder tumor (TURBT). BCG vaccine can increase the level of CD4 +
T- cells inside the tumor site, which mediates the immune reaction towards the cancer cells
inside the body. BCG vaccine therapy is injected into the bladder of the patients to drive

an immune response towards bladder cancer cells. It prevents the recurrence of cancer in
approximately 70 per cent of sufferers with early-stage bladder cancer [157].

Cytokines have the capacity to boosts T cell proliferation and activation and also have the
ability to activate other immune proteins involved in the immune reaction. Interleukins and
other interferon are the best-utilized cytokine class in immunotherapy, which have shown
a significant role in immunotherapy. Cytokines are usually taken into consideration as an
immune messenger, which can help the immune cells to communicate with each other.
The interaction with these cells helps the rapid propagation of immune signalling within
the body. Cytokines also stimulate the immune effector cells and cytotoxic effector cells at
once to induce the immune reaction. A high dose of interleukin 2 (IL2) has substantially
helped a small percentage of people with superior melanomas and kidney cancers. FDA
has authorized two cytokines as single dealers for cancer treatment. High-dose of bolus
interleukin-2 used for the treatment of metastatic melanoma and renal cell carcinoma, the
other one is, IFN-a (Interferon-a) for the adjuvant therapy of these cancers [158].

The membrane-bound proteins generally secrete the cytokines, which act as an intracellular
signalling molecule. They are secreted generally at the time for the development of response
against the microbes or towards the tumor antigen. Cytokines can produce a significant
degree of pleiotropism. They also target bone marrow, dendritic cells, T cells, macrophages,
NKT cells, endothelial cells, B cells, monocytes, hypothalamus etc. The main pathogenic
role of cytokines in the body related to the immune response is the development of
co-stimulation, cell activation, homeostasis, inflammation, enhances MHC expression etc.
Another way to increase the immunogenicity of the antigen-specific vaccine is recombinant
DNA technology [159]. Recombinant virus cytokines (intra-tumor vaccine cytokine gene)
are produced by recombinant technology which gives promising results on the in vivo
murine tumor model. Nowadays, a variety of strategies are used to deliver the cytokines

to treat malignancy such as cytokine antibody fusion molecule, recombinant virus as the
delivery system for tumor immunotherapy, cell engineering approaches, cytokine pegylation
(enhance the pharmacokinetic properties of the drugs) [160].

Radio-immunotherapy

Radio-immunotherapy (RIT) is a compilation of radiation therapy and immunotherapy. In
immunotherapy, a laboratory-produced biological material known as a monoclonal antibody
is engineered to target and bind to the surface of malignant cells. Monoclonal antibodies
mimic the antibodies that are naturally produced by way of the body’s immune proteins,
which can fight against foreign substances present in the body, including viruses and
bacteria. In RIT, Mab is paired with radioactive material or radiotracer. When RIT is
injected into the patient’s bloodstream, the radiation-related monoclonal antibody travels

to detect and binds with the cancer cells, permitting an excessive dose of radiation to be
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introduced without delay to the tumor cells [161]. It is presently used to treat non-Hodgkin
B-cell lymphoma (NHL), for newly recognized patients and also for victims who have not
responded to chemotherapy or remedy with the monoclonal antibody.

Several new RIT approaches are under clinical trials. Potential RITs are used to treat
various types of tumors such as ovarian cancers, leukaemia, high-grade brain glioma,
prostate cancer, melanoma, and colorectal most cancers [162]. This treatment strategy
uses an antibody with a radioactive core to straightforward the radiation to cancer cells
for the destruction or alters the viability. Ibritumomab tiuxetan (Zevalin®) is the only
radioimmunotherapy authorized by the US FDA. This cancer therapy allows physicians
to target the cancer cells with higher doses of radiation safely [163]. Various clinical

trials suggest the synergistic effect of combining radiotherapy with checkpoint inhibitors
in several solid cancers [164, 165]. Recently, some of the preclinical studies demonstrated
that the therapeutic efficiency of immune checkpoint inhibitors can be improved by the use
of radiotherapy in a combination manner to treat head and neck cancer [166]. In this line,
a few clinical trials are ongoing to establish the effect of a combination of radiotherapy
with immune checkpoint inhibition in rectal cancer (NCT02298946, NCT02948348,
NCTO04124601, NCT04262687, NCT04558684) [167].

Oncolytic virus therapy

Oncolytic virus treatment is a well-established treatment approach for haematological
malignancy and is also considered as an investigational form of immunotherapy for many
other cancers [168]. The oncolytic virus infects both cancer cells and the normal cells during
the therapy, but they have a mild effect on normal cells. After the administration of these
kinds of viruses, they multiply inside tumor cells and induce apoptosis. Several viruses are
currently in ongoing clinical trials. The only oncolytic virus therapy approved in the U.S
[169]. T-VEC (Imlygic®) is a genetically engineered HSV-1 (herpes simplex virus-1) with
GM- CSF (granulocyte—macrophage colony-stimulating factor). This is delivered locally
which induce T cell-mediated cell death. Generally, they possess multimodal mechanisms
such as cell autolysis, cell honing, vascular supply destruction, and potentiate other adjuvant
therapies [170].

Combination strategies

Combination strategies using immunotherapy and chemotherapy showed prominent clinical
outcomes in a series of clinical studies. Checkpoint blockade is the emerging and leading
treatment method in immunotherapy. There are mainly two different types of checkpoint
inhibitor molecules used as recent targets in cancer therapy, which include CTLA-4 and
PD1/PDL1. Several antibodies in the particular category are approved namely Ipilimumab
(an anti- CTLA-4 antibody) Pembrolizumab and Nivolumab (anti-PD-1 antibodies) for
advanced melanoma treatment. The use of a single agent as a checkpoint inhibitor possesses
only 20-30% of objective response. But the combination of both CTLA-4 and the PD1
antibodies increase the durable response rate as compared to the monotherapy [171].
Ipilimumab and Nivolumab combinations were found to be very effective for unresectable
melanoma [172].
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The combination of immunotherapy with radiation therapy is also considered an emerging
field of cancer therapy. Antibodies against two immune checkpoints blockade molecules
such as programmed death receptor-1 and cytotoxic T-lymphocyte antigen 4 in combination
with radiation therapy are under evaluation in phase 1 and 2 clinical trials. Combinations

of transforming growth factor-beta (TGF-B) with radiation therapy are presently being
examined in phase 1/2 trials [173]. Clinical data supports the combination of radiation
therapy with the cytokines such as interferon-a interleukins-2, granulocyte—macrophage,
colony-stimulating, and tumor necrosis factor-a [174]. On the other hand, two different
DNA methyltransferases inhibitors (DNMTi) approved by FDA for cancer immunotherapy,
are azacitidine and decitabine. The combination of DNMTi with the other immunotherapies
are also giving promising results against different types of cancer [175, 176]. Various
immunotherapies for cancer treatment are summarized in Table 2.

Conclusion and future perspective

Immunotherapy is a new strategy that helps the immune system fight against cancer. Cancer
immunotherapy approaches should have prompt and efficient T cell responses against tumor
antigens present on cancer cells but not on healthy cells. Various methods are employed to
improve the activity of T cells in the body against cancer cells. The development of novel
immunotherapies against cancer requires a meticulous study into the immune evasion in the
TME, together with identifying specifically overexpressed tumor antigens in each type of
cancer. The molecular characterization of numerous tumor antigens(TAA/TSA) recognized
suitable candidates for the development of cancer immunotherapy.

There are several immunotherapy approaches available against various cancers. Checkpoint
inhibitors, adoptive T cell therapies, cancer vaccines, and several combination therapies
are currently used to control the rapid proliferation of cancer cells. But many factors still
hamper the success rate of cancer immunotherapy. The critical hurdle of cancer immune
therapies involves the emergence of unpredictable adverse effects on cancer patients,
problems in characterizing clinically significant biomarkers for immunotherapy and tumor
heterogeneity. The coming years will likely bring new insights to decrease the immune-
associated side effects caused by immunotherapy with maximal therapeutic effects. Finally,
the economic burden of immunotherapies on health care systems is turning unsustainable.
Overall, for both medical and economic reasons, there is an urge to establish personalized
immunotherapeutic strategies, which could provide an ideal remedy as per the unique
tumor milieu of the patient. The success of clinical translation demonstrates the power of
modulating the immune system to treat cancer. Many studies are continuing to resolve the
issues for the development of new sophisticated immunotherapies against cancer.
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Fig. 1.
Working mechanism of CTLA-4 and PD-1 on cancer cells. The activation of T cells is

mediated by the interaction of the T cell receptor and the CD28 receptor with class Il

major histocompatibility complex and B7 co-stimulatory molecule located on the antigen-
presenting cells. The interaction of CTLA-4 with the B7 molecule delivers an inhibitory
signal, effectively checked by CTLA-4 inhibitors. On the other hand, the negative regulation
of T cells resulting from PD-1/PD-L1 interaction between T cells and tumor cells is
prevented by PD-1/PD-L1 inhibitors
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ngeration of CAR-T Cells for immunotherapy. One form of adoptive cell therapy is CAR
(Chimeric antigen receptors) T cell therapy. It is an accepted treatment procedure for both
lymphomas and leukaemias. CAR T cell therapy is considered as a type of adoptive immune
cell therapy where T cells are collected from a patient’s tumor sample, taken to a laboratory
where the T-cell receptor is incorporated with tumor antigen-specific antibody receptor to
get chimeric antigen receptor T (CAR T) cells. Nowadays MUC 1 and Glypican 3 targeting
CAR-T cells are under clinical trial for different cancers
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