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Abstract
A tumor represents a highly intricate tissue entity, characterized by an exceptionally complex microenvironment that starkly
contrasts with the typical physiological surroundings of healthy tissues. Within this tumor microenvironment (TME), every
component and factor assume paramount importance in the progression of malignancy and exerts a pivotal influence on a
patient’s clinical outcome. One of the remarkable aspects of the TME is its remarkable heterogeneity, not only across
different types of cancers but even within the same histological category of tumors. In-depth research has illuminated the
intricate interplay between specific immune cells and molecules and the dynamic characteristics of the TME. Recent
investigations have yielded compelling evidence that several mutations harbored by tumor cells possess the capacity to
instigate substantial alterations in the TME. These mutations, often acting as drivers of tumorigenesis, can orchestrate a
cascade of events that remodel the TME, thereby influencing crucial aspects of cancer behavior, including its invasiveness,
immune evasion, and response to therapies. It is within this nuanced context that the present study endeavors to provide a
concise yet comprehensive summary of how specific mutations, within the genetic landscape of cancer cells, can instigate
profound changes in TME features. By elucidating the intricate relationship between genetic mutations and the TME, this
research aims to contribute to a deeper understanding of cancer biology. Ultimately, the knowledge gained from this study
holds the potential to inform the development of more targeted and effective treatments, thereby offering new hope to
patients grappling with the complexities of cancer.
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Introduction

Cancer has a common characteristic of dysregulated cell
growth composed of a heterogeneous group of ailments,
complex interplay of genetic and environmental factors [1].
Despite a significant understanding of the molecular path-
ways involved, cancer remains the 2nd leading cause of
death [2, 3]. In all their progression, tumors are considered a
compound system including cancerous cells, extracellular
matrix (ECM), and non-malignant cells known as the tumor
microenvironment (TME), which comprises support cells
and infiltrated inflammatory immune cells [4, 5]. TME is a
concept that dramatically affects malignant cells. TME
plays a significant role in tumor survival in every part of this
complex ecosystem. However, infiltrated immune cells are
the core operator of this organization [6]. The structure and
cells of the TME related to the malignancy types, like
features of hallmark like stromal cells, blood vessels,
immune cells, and extracellular matrix (ECM). Throughout
tumor development, relationship among malignant cells and
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immune cells and component of the TME led to tumor cell
survival, metasets and malignant progression. Malignant
cells infiltrated between adaptive and innate immune cells
which can exhaust these cells [7]. According to the cancer
cell microenvironment component, immune cells could
stimulate or inhibit malignant cell progression [8]. Immune
system cell arrangement in the TME is entirely different
from healthy tissues [9]. In some cases, these cells cannot
demonstrate anti-tumor roles and play a critical role in
cancer growth. Some members of Tumor-infiltrating lym-
phocytes (TILs) and Tumor-associated macrophages
(TAMs) families are the central cells with the tumor-
supportive functions, and they play vital roles in immune
system suppression which leads to tumor cells escaping
from immune systems [10, 11]. In addition to TAMs and
TILs, other immune cells like Natural killer (NK) cells and
neutrophils have crucial effects on malignant cells’ fate.
Every change in the resistant system population affects the
prognosis of cancer dramatically. These days the presence
or absence of these elements and the composition of their
people in the TME are considered elements in a patient’s
survival [12]. Current studies have approved that the
immune cells population is related to the initiation of
molecular pathways that encourage the anti-tumor effector

cells apoptosis or immune cell functions suppression in the
TME. Every malignant cell with particular mutations or
gene expression profile invites a unique immune cell to
TME and arranges their population differently. These facts
absorb attention to single genes mutations and expression
profiles affecting tumor infiltrated immune cells [13, 14]. In
this study, we tried to summarize the functions of some
critical components of the immune system in TME and
explain how a single gene mutation or expression in
malignant cells can change immune microenvironments of
tumors (Fig. 1).

Search Strategy

In this study, we conducted an exhaustive and systematic
search for relevant scientific literature, leveraging prominent
online databases such as PubMed, Embase, and Web of
Science, up to the latest available data in August 2023. Our
quest for pertinent articles was driven by a strategically
chosen set of keywords that encompassed pivotal aspects of
cancer research. These keywords included “Cancer,”
“Tumor Microenvironment,” “CTLA-4,” “TP-53,” both
individually and in combinations, reflecting the

Fig. 1 T-reg and monocytes effects on TME. In the context of tumors,
T-reg cells can suppress the activity of other immune cells by pro-
ducing several cytokines, allowing the tumor to grow and spread. Also
these immune cells via producing cytokines lead to change M1 mac-
rophage to M2 macrophage, inactivating NK-cells, inactivating

CD8+ T cells, and inducing angiogenesis in tumor cells in TME.
Overall, both T-reg cells and monocytes can have a negative impact on
the immune response to tumors and contribute to the growth and
spread of cancer in tumor microenvironment
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multifaceted nature of our investigation. Additionally, we
complemented our database search with a thorough
exploration of available resources on the EndNote software
and the Google Scholar to ensure comprehensiveness in our
data collection. Upon the compilation of the initial dataset, a
meticulous curation process was employed to eliminate
duplicate articles, thus ensuring the integrity and uniqueness
of our final dataset. Subsequently, the selected articles were
subjected to an in-depth analysis, where they were sys-
tematically summarized, critically evaluated, and rigorously
analyzed to distill valuable insights and pertinent findings.

Immune Cells and Their Relation with TME

There are a number of different populations of T cells could be
affect carcinogenesis. Cytotoxic CD8+T cells sense unusual
malignant cells antigens which expressed on tumor cells and
destroyed malignant cells. CD4+ T cells divided into differ-
ent subtypes and so affect to the immune cells responses
within the microenvironment of the TME [15]. Regulatory
T cells (Tregs) normally control autoimmunity and inflam-
matory responses during diverse settings. In the micro-
environment of the TME, role of the Tregs is important as
they might stimulate malignancy progression via exhausting
immune cells [16]. Tumor infiltrating B-cells have significant
role in the development of “tertiary lymphoid structures” that
are designed within the TME. Tertiary lymphoid structures are
a positive prognostic indicator in ovarian, melanoma and
breast malignancy. The B-cells anti-carcinogenic role, contain
secretion of cytokines, antigen-presentation to T cells, and
production anti-cancer antibody that stimulate and regulate
cytotoxic immune responses. Conversely, B-cells could pro-
mote tumor progression, and their existence in the TME can
be sign of poor prognosis in renal cell carcinoma, prostate, and
bladder tumor [7, 17]. Monocyte derived macrophages are
divided into anti-inflammatory immune-suppressive M2
macrophages that take part in wound healing and M1 mac-
rophages that phagocyte and kill cells. Both types of macro-
phages can be associated among a cancer cells, but TME
supports the M2 phenotype via cytokines secretion like
Interleukin (IL)-4 and hypoxia to support malignancy devel-
opment. Usually, high macrophage existence is related with
low prognosis in various kind of malignancy, like gastric, lung
and breast tumor [18, 19]. When malignant cells start to
progression, neutrophils which are in the TME, stimulate
inflammation via releasing of cytokines and ROS to stimulate
cancer cell apoptosis. Also, neutrophils stimulate malignancy
progression via alteration of the extracellular matrix, releasing
Matrix metalloproteinase (MMP)-9 and Vascular endothelial
growth factor (VEGF) to stimulate angiogenesis and even-
tually cancer development [20, 21]. Antigen presenting cells
like Dendritic cells (DCs) are and have a central role in the

immune system. They sense, realized, trap and present anti-
gens to T cells at secondary lymphoid organs. TME cytokines
released from the triggered DCs promote tolerance to malig-
nant cells and suppress the stimulation of an immune response
[22]. Also, there are additional important non-immune which
have significant role in tumor suppression, development and
growth (adipocytes, cancer associated fibroblasts, endothelial
cells, stromal cells).

The Tumor Immune Microenvironment is a
Double-Edged Sword

Usually, the tumor immune microenvironment (TIME) must
be a part of the battle against malignant cells. Still, since they
can act as tumor-supportive or anti-tumor agents, the func-
tions of every aspect of TIME in malignancy are sophisti-
cated [23, 24]. Multiple factors contribute to the poor
prognosis of solid tumors, one of them being the reduction or
augmentation of particular immune cell kinds, which led to
better or shrunk survival in some malignancies [25, 26]. It has
been documented that an increased mass of tumor-infiltrating
T cells (TILs) is responsible for a good prognosis and better
results for chemotherapy in patients with colorectal tumor
[9, 10]. However, all types of TILs do not correlate with a
good prognosis; in this category of immune cells, CD8+
cytotoxic T cells, which act as straight killers of cancer cells,
are involved with a better prediction in a large group of
tumors [12]. On the other hand, CD8+ Tcells do not stand for
the whole immune response, and other parts of this complex
environment can influence and change the TIME roles from
distractive to supportive. Collectively, the presence or
absence of a special kind of cells are not responsible for good
or bad prognosis, and they have been considered in con-
nection with each other [27]. Other cells with a significant
role in the TME are Tumor-associated macrophages (TAMs).
Unlike cytotoxic T cells, increasing the amount of these cells
is correlated with bad prognosis, increasing angiogenesis,
tumor cell mobility, and tumor immune tolerance. The exis-
tence of TAMs is found to have a connection with the
increase in the expression of VEGF, a protein directly related
to metastasis [28]. Furthermore, TAMs are responsible for
creating pre-metastatic niches, which can play a role in che-
motherapy resistance [29, 30]. In TME, TAMs have been
categorized in one of these two subgroups: M2 macrophages
(CD206+CD163+HLA-DR+) or M1 macrophages
(CD86+CD68+HLA-DR+). M2 macrophages stimulate
from M1 by CD40 activation under the effects of interferon-
gamma. These cells are responsible for lousy cancer pro-
gression and worse overall survival by affecting other TME
immune cells [31, 32].

The role of signaling pathways in cancer cell growth,
progression, and metastasis is pivotal in shaping the TME
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and subsequently influencing the tumor immune micro-
environment. Signaling pathways encompass a complex
network of molecular interactions that regulate various
cellular processes, including proliferation, survival, angio-
genesis, and invasion. Dysregulation of these pathways is a
hallmark of cancer and plays a central role in tumor
development and progression [33]. One of the critical ways
in which signaling pathways impact the TME is through
their influence on cancer cell behavior. Constitutive acti-
vation of specific pathways, often driven by genetic muta-
tions or aberrant signaling molecule expression, can lead to
uncontrolled cancer cell growth and survival. This unbri-
dled proliferation results in the formation of hypoxic
regions within the tumor due to inadequate blood supply,
thereby altering the TME by inducing the secretion of
proangiogenic factors such as VEGF. Consequently, the
angiogenic switch in the TME promotes the recruitment of
endothelial cells and the formation of new blood vessels,
facilitating nutrient and oxygen delivery to the tumor and
affecting its immune milieu [34]. Additionally, inflamma-
tion and high density of inflammatory cytokines are some of
the main characteristics of the TME. The high concentration
of inflammatory cytokines is responsible for changes in
immune cell features. For example, secretion of IL-6 acti-
vates JAK/STAT3 pathway, leading to infiltrating tumor
monocytes and differentiating to M2 macrophages, which
express PD-L1 and consequently suppress cytotoxic T cell
response [35, 36]. Furthermore, signaling pathways can
modulate the TME by regulating the expression of immune
checkpoint molecules. For example, the upregulation of the
programmed cell death protein 1 (PD-1) and its ligand, PD-
L1, is often orchestrated by oncogenic signaling pathways
[37]. These immune checkpoint molecules play a pivotal
role in dampening the anti-tumor immune response by
inhibiting the activation of T cells [38]. Consequently, their
overexpression can create an immunosuppressive TME,
where immune cells are rendered ineffective in recognizing
and attacking cancer cells. Metastasis, a critical hallmark of
cancer progression, is also heavily influenced by signaling
pathways. These pathways can induce epithelial-to-
mesenchymal transition (EMT), a phenotypic shift in can-
cer cells that endows them with enhanced migratory and
invasive properties. This process is orchestrated by various
signaling pathways, including those involving transforming
growth factor-beta (TGF-β) and Wnt [39]. The acquisition
of EMT traits not only enables cancer cells to invade
adjacent tissues and enter the bloodstream but also influ-
ences the pre-metastatic niche in distant organs, thus
affecting the future metastatic site’s microenvironment.

NK cells are another type of cells whose presence in TME
is related to the excellent prognosis; however, activation of
TGF- β following M2 macrophages activation can reduce NK
cells activation and reduce their attraction into tumors. In

addition to M2 macrophage’s functions in inactivating
CD8+ T and NK cells, Tregs promote tumor-supporting
function in the immune system. Even though
FOXP3+CD25+ Treg acts as anti-inflammatory cells, they
might release IL-10, TGF-β, and express cytotoxic T
lymphocyte-associated protein 4 (CTLA-4) in TME and,
thereby, suppress the immune cell responses against malig-
nant cells. Some research has revealed that the existence and
activation of Tregs in TME are associated with distant
metastasis and poor prognosis [40, 41]. Despite the evidence
that discloses the functions of every part of immune system
activation in the TME, there are many questions about the
main reasons for the differences of TIME population and their
position between the tumors. Recently particular gene muta-
tions or dysregulated expression in malignant cells are at the
core of the attraction of scientists to explain this phenomenon.

Genomic Alterations of Malignant Cells and
Features of Tumor Immune
Microenvironment

Single-gene mutations can have intense effects on the TME,
influencing patients’ treatment and survival rate in multiple
cancers. For example, Kristen rat sarcoma viral oncogene
homolog (KRAS) mutation in colorectal cancer is con-
firmed as a factor of change in immune cells population
which is demonstrated as a predictive value and essential
element to choose treatment career and outcome [42]. In
addition to colorectal cancer, some studies have explained
the correlation between gene mutation and TIME popula-
tions in glioma, non-small cell lung carcinoma, and mela-
noma, renal and ovarian cancers.

Glioma is categorized into two collections, CpG island
methylator phenotype (CIMP) and non-CIMP [43]. Patients
with CIMP gliomas show a high occurrence of mutations in
the oncometabolite 2-hydroxygluratate (2-HG) and isocitrate
dehydrogenase 1/2 (IDH1/2), that is associated with the
hyper-DNA methylation phenotype in such patients [44];
these changes can explain the differences between the survi-
val of two groups. The CIMP counterparts of gliomas are less
invasiveness than their non-CIMP wild-type IDH1/2
(wtIDH1/2) [45]. While the brain is supposed to be an
immune-isolated tissue, gliomas contain a unique element of
immune cells; thus, macrophages can reach 20–30% of the
entire cells in tumors with high aggression [46]. In gliomas,
wtIDH1 can cause inflammation and immunologic response
[47], which are conducted to increase the level of chemokines
and particular types of immune cells penetration. In other
words, the various genomic alterations in muIDH1 gliomas
can change genes involved with extracellular matrix mod-
ification and formation. Following these variations, infiltrated
immune cells are different in IDH1gliomas with varying
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mutations in compression to wtIDH1/2. For example,
muIDH1 tumors attract fewer neutrophils [48].

High-grade serous tubo-ovarian cancer (HGSC) is
another cancer in TME structures, and immune cells
population differences are definable by particular types of
mutation [49]. p53 encourages cell arrest in the presence of
DNA damage or cellular stress so that the damage can be
repaired, or self-mediated apoptosis can take place [50].

Commonly, HGSC malignancy starts with silencing,
deletion, or modification of TP53 in the fallopian tube
epithelium (FTE). PTEN, NF-1, Brca1, and MycOE, are
other genes with a high level of mutation and direct effect in
clinical features of patients and TME structures.

PTEN, P53, and NF1 mutations directly affect the CD45+
cell population in TME. It has been shown that Tp53-/-;
Pten-/-; Nf1-/- cancers had a major number of macrophage
(CD11b+ F4/80+ ), monocytic myeloid-derived suppressor
cells (m-MDSC, CD11b+Ly6GloLy6Chi), CD11b
+Ly6CloLy6Ghi), smaller numbers of myeloid dendritic
cells (mDC, CD11b+CD11C+ ), granulocytic myeloid-
derived suppressor cells (g-MDSC and sparse T lymphocytes
(CD3+ cells). According to the lower fraction of total
CD45+ cells, the total T cell number in Tp53-/-; Pten-/-;
Nf1-/- cancers are even lesser than the other models. More-
over, the macrophages in Tp53-/-; Pten-/-; Nf1-/- malignancy
had more “M2-like” character which can affect the survival
rate of patients [51, 52]. Tp53-/-; Brca1-/-; MycOE cancers
had large proportions of macrophages and lower parts of
mDCs, g-MDSCs, and m-MDSCs. Unlike other models,
CD8+ and CD4+ T cells in Tp53-/-; Brca1 -/-; MycOE
tumors were predominantly (>60%), PD1+ , CTLA4+ , and
CD44+ , proposing anti-tumor effect of them. Tp53-/-; Brca1
-/-; MycOE malignancy are more stable in their T helper (Th)
1 (Tbet+ ), Th2 (GATA3+ ) cells and Th1/Th2: 0.7 popu-
lation; the other models commonly have Th1 cells (Th1/Th2:
2.4 in Tp53-/-;Pten-/-;Nf1-/-; Th1/Th2: 3.4) [53]. In addition
to HGSC, some studies have reported that lack of PTEN leads
to reduced T cell penetration in prostate cancer and melanoma
in mouse models [54]. Another highlighted illustration for
TME affected by mutation is the Protein polybromo-1
(PBRM1) gene, which influences mast cells and T cells in
renal cancer. PBRM1 is the common mutated gene in the
Clear cell renal cell carcinoma (ccRCC), followed by VHL,
SETD2, and BAP1 genes. According to the studies, the
PBRM1 MUT ccRCC patients have lower immune scores.
Furthermore, recruitment of resting mast cells to the TME and
tumor purity is considerably higher in PBRM1 MUT ccRCC
samples than PBRM1 WT, SETD2MUT, VHLMUT, and
BAP1MUT ccRCC patients. In addition, PBRM1 mutations
are involved in with Treg infiltration. [52]. ccRCC malig-
nancy with PBRM1 mutations are also involved with up
regulation of angiogenic genes [55]. In melanoma, a tumor
with BRAF-mutation (usually BRAF V600E) displays low T

cell infiltration and high level of pro-inflammatory cytokines
like IL-10, IL-6 and VEGF induce an increase in the number
of immunosuppressive cells, myeloid-derived suppressor
cells, Tregs, leading to the inhibition of DC maturation in
TME [56]. In one bio-informatics analysis on non-small-cell
lung carcinoma (NSCLC), the prevalence of EGFR mutation
was almost 14.30% (184/1287), and the co-mutation rate of
EGFR and MAPK genes was 11.41% (21/184).
Glycosaminoglycan-related pathways are importantly up-
regulated in the EGFR mutant group. EGFR-mutated sam-
ples have low PDL1 protein levels than those in wild-type
patients. Encouraging evidence has shown that augmented
immature DCs infiltration and reduced NK CD56dim, Tγδ,
cytotoxic, and Th2 cell infiltration are the primary immune
variations in EGFR-mutated patients. On the other hand, PD-
L1 protein expression levels in EGFR-MAPK co-mutations
patients are high and parallel immune microenvironment with
the wild-type group. Moreover, PD-L1+ /CD8+ tumor-
infiltrating lymphocytes (TILs) ratio in in wild-type NSCLC
was higher than EGFR-mutated NSCLC [57, 58]. In addition
to their cytolytic functions and target cell killing, NK CD cells
are the prime springs of pro-inflammatory chemokines [59].
Besides, Th2 cells improve B cell function and have detailed
instruction of the immune environment [60]. Like NSCLC,
other malignancies like gliomas, renal cell carcinoma, chronic
myeloid leukemia, and pancreatic tumor demonstrate the
same phenotype in co-mutated patients [61]. Tables 1 and 2
shows various gene mutations and their effect on the
expression of different gene on the TIME cells population.

Single Gene Expressions Affect Tumor Fate

Cancer is a genetically complex and heterogeneous disorder.
By considering the origin cell, the tumor genotype controls its
susceptibility to intrinsic immunogenicity, conventional ther-
apy, targeted therapy, and the range of produced chemokines
and cytokines [23, 62, 63]. Cancer is principally a disease of
copy number abnormalities (CNAs), as well as complex
chromosomal rearrangements, deletions, and amplifications
that regulate several genes and pathways [62, 63]. An
extensive pan-cancer genomic analysis showed that high level
of CCL5 protein and RNA involved with intra-tumor CD8
T cells in solid malignancy. On the other hand, high number
of TAMs, especially MDSCs and M2-like TAMs, correlated
with a poor result [64, 65]. Usually, a single gene mutation
can initiate a gene expression pattern that affects the whole
TME population. In Gliomas, wtIDH1 gliomas gene expres-
sion signatures are powerfully involved with immunological
response including high levels of some interleukins, chemo-
kines [46] and inflammation that may promote penetration of
commune immune cells. The complex genomic losses and
gains are realized in muIDH1 gliomas. For example, muta-
tions in IDH1 are associated with the dysregulation of
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collagen and integrins gene expression, which is related to
extracellular matrix modification and formation. As a result of
these changes, immune cell infiltration differs between tumors
with IDH1 mutations and wild-type IDH1. For example,
muIDH1 tumors usually attract fewer neutrophils at basal
levels [66, 67]. Human HGSC also has a complex TME, with
various infiltrating tumor-associated chemokines/cytokines
and immune cells which involved with the prognosis [68, 69].
As with many other tumors, intra-tumor CD8+ T cells and
high CD8+ /Treg ratio involved with better survival, how-
ever high levels of Tregs are a negative prognostic sign
[70, 71]. Intra-tumor T cells induced the expression of
CCL22, CCL21, CCL5, CXCL10, and CXCL9 however high
levels of VEGF inversely involved with T cell infiltration
[72, 73]. The dual expression of chemokines CCL5 and
CXCL9 is also involved with a valuable prognosis.
Remarkably, ovarian malignancy with high low CCL5 RNA
and intra-tumor CD8+ cells have shown up regulation of
CXCL9 [74–76]. In the ccRCC, higher PDGFA, VCAM1,
VEGFB, VEGFC, VEGFA, and PDGFB mRNA expression
happens due to PBRM1 mutations. These outcomes have
illustrated that PBRM1 mutation activate mast cell infiltration
into the TME and triggers HIF-related signaling pathways,

which initiate the progression of ccRCC. In this regard, the
inflammatory response signaling pathway was curbed in
PBRM1-overexpression. One of the significant consequences
of PBRM1-overexpression is the downregulation of CCL5
which is one of the main genes in the inflammatory response
pathway and is the core element of mast cells infiltration to
TME. CCL5 mRNA and protein levels were meaningfully
high express in PBRM1-mutated tumors. High CCL5 in
ccRCC patients exhibited considerable enrichment in
immune-related signaling pathways, as well as inflammatory
signaling (TNF-α-NF-ΚB, IL-6-JAK-, STAT3, IFN-α, IFN-γ)
[77]. Furthermore, in the tumor cells with mutated P53, miR-
30 expression can dramatically increase hypoxia-responsive
factor (HIF1) expression even in the condition of normoxia,
signifying that mutp53 can arise HIF1-dependent responses in
tumors independent of oxygen accessibility. Upon to the
alteration of the miR-30d expression in melanoma, an
increase in GalNAc transferase (GALNT7) occ, yours, reg-
ulating posttranslational protein O-glycosylation which led to
high expression of the immunosuppressive cytokine like IL-
10, promoting an immunosuppressive milieu in TME and
subsequently fostering metastasis. In addition, miR-30d tar-
gets DGKZ, which related to the diacylglycerol (DAG) kinase

Table 2 The effects of the expression of different genes on TME cells

Type of Malignancy Genes with altered expression Effects on TIME Effect on prognosis

Various types of cancers CLL-2 Increased number of CD8+ Good prognosis

Glioma IDH The lower number of neutrophils Bad prognosis

HGSC CXCL-9, CXCL-10, CCL-5 CCL-
21, and CCL-22

Increased number of CD8+ Good prognosis

ccRCC VEGF family, VCAM, and PDGF Increased number of Mast cells Bad prognosis

Various types of cancers (p53
mutant)

MiR-30D Different types of TIME cells Bad prognosis

SCC SOX-2 and PTGS-2 Various types of TIME cells Bad prognosis

NSCLC SCDC-2 Various types of TIME cells Bad prognosis

Various types of cancers PDL-1 Various types of TIME cells Depending on cancer
type

SCIENCE LAG-3 The lower number of CD8+ and NK cells Bad prognosis

RCC NTE and ENTPD-1 Increased number of T-reg and lower number
of CD8+ and NK cells

Bad prognosis

RCC A2AR Increased number of M2 macrophage Bad prognosis

Various types of cancers MCT-1 Increased number of M2 macrophage Bad prognosis

Table 1 Various gene mutations
that affect the tumor immune
microenvironment (TIME) cells
population

Type of Malignancy Mutant gene Effects on TIME Effects on prognosis

Glioma IDH1 A lower number of neutrophils Bad prognosis

HGSH PTEN Increased number of M2 macrophage Bad prognosis

Melanoma PTEN The lower number of CD8+ Bad prognosis

Prostate PTEN The lower number of CD8+ Bad prognosis

CCRCC PBMR1 Increased number of Mast Cells Bad prognosis

NSCLC BRAF Increased number of T-reg and MDCS Bad prognosis

112 Cell Biochemistry and Biophysics (2024) 82:107–118



family and regulates secretion and trafficking by multiple
mechanisms. In Golgi membrane, DGKZ low expression
increases the local concentration of DAG, helping vesicular
secretion and transport through inducing protein kinase PKD
signaling. VPS26B is second straight target of microRNA-
30d, a core retromer complex factor that regulating the
recycling of proteins through endosomal sorting. Defects in
retromer recycling may perturb GA dynamics and result in
abnormal secretion. The last impact of deregulation of
VPS26B and DGKZ is the mis-glycosylation of ECM com-
ponents. One of the critical factors for immune cell infiltration
is the extracellular matrix condition [78]. In lower-grade
glioma (LGGs), the analysis of immune checkpoints expres-
sion in both low and high-risk groups has revealed which
patients in the low-risk group had low terms of LAG-3, PD-1,
TIM-3 and CTLA-4, but higher expression of T cell immu-
noreceptor with Ig and ITIM domains (TIGIT). Besides
immune checkpoints, the expression level of some other
genes can regulate immune cell infiltration to TME. High
immune cells (B cells, neutrophils, CD4+ T cells, dendritic
cells, CD8+ T cells and macrophages) infiltration was con-
firmed to be connected with a poorer prognosis in LGGs.
TNFRSF11B, LTF, GDF15, and BIRC5 expression levels
were completely linked with infiltration levels of immune
cells, while there was a negative relationship among PRLHR
and CRLF1 expression levels [79].

Previous research has shown high expression of
Prostaglandin-endoperoxide synthase (PTGS2) and SRY-box
transcription factor 2 (SOX2) transcriptional factors in penile
SCC and skin. SOX2 is a β-catenin transcriptional target,
absent in normal epidermis and high expressed in malignant
stem cells [80, 81]. At the same time, PTGS2 (COX2), is a
pro-inflammatory gene that promote prostaglandins produc-
tion from arachidonic acid, led to cytokine high expression
and inflammatory reactions which related to the absorption of
a particular type of immune cells to TME [82].

In NSCLC, higher Syndecan-2 (SDC2) expression levels
happen due to EGFR mutation’s lack of MAPK mutation.
SDC2 can support the clearance of the TCR/CD3 complex,
which leads to T cell inactivation. Thus, SDC2 is correlated
to the inhibitory microenvironment of patients with EGFR
mutations, and down-regulation of SDC2 in EGFR-MAPK
co-mutated patients can be a reason for up-regulation
Immune-related pathways like FCγR-mediated phagocy-
tosis, correlated with a good prognosis [83, 84].

Heparin sulfate (HS) is the primary glycosaminoglycan
(GAG) essential extracellular matrix, several aggregating
cytokines, and controlling immune activation. GAGs can act
as chemokines protectors that preserve them from degradation
and actively interfere with the action of chemokines. As a
result, the degradation of HS can stimulate the immune system
by reducing GAGs production [80]. Poor immune response in
EGFR-mutated patients can result from GAG gathering,

which causes an immune-suppressive microenvironment [85].
PD-L1 is one of the highlighted genes with a remarkable
impact on TME, and its expression is regulated by a sophis-
ticated communication between tumor cells and immune cells.
Some studies have reported that the up-regulation of PD-L1
expression can be an outcome of the presence of IFN-γ pro-
duced by T cells [86]. However, there is some conflict on
PDL-1 expression effects on cancer prognosis. Generally, PD-
L1 expression in malignant cells reveals an antigen-induced
antitumor immune response referred to TILs. As a result of
this concept, patients with high number of T cell in TME and
high expression of PD-L1, possibly demonstrate a better
prognosis [81, 87]. Conversely, a high concentration of PD-L1
was linked to adverse results in several malignancies. How-
ever, some studies have found no linkage between PDL-1
expression and survival [88]. For example, in head and neck
carcinoma, PDL-1 expression was related to a higher TIL
count (≥30%), which was considerably involved with an
expansive pattern of tumor invasion [83, 89]. LAG-3 is an
inhibitory receptor, usually expressed on activated NK and
T cells, and is the third inhibitory receptor after CTLA-4 and
PD-1 which can be targeted in the clinic. Fibrinogen-like
protein 1 (FGL1) is a new ligand of LAG-3, which is up-
regulated in patients with lower PD-1 signals and less leuco-
cyte infiltration in various types of cancer [90–92]. For
example, in Small Cell carcinoma of the esophagus (SCCE),
FGL1 is one of the genes involved in managing the TME
immune cells population. In line with this demonstration,
patients with significant up-regulation of FGL1 performed low
leucocytes infiltration, representing that FGL1-LAG3 signal-
ing can be an essential tool for immune inhibition in SCCE. In
addition to FGL1-LAG3, B7-H3 (CD276), VEGFB, and sialic
acid-binding Ig-like lectin (Siglec-15), which are known as
immune inhibitors were considerably high expressed in
malignant tissues which might be a practical reason to explain
weak immune response in SCCE. [91, 93]. In renal cell car-
cinoma (RCC), a hypoxic TME initiates the up-regulation of
CD73 (NT5E) expression on tumor cells which leads to CD39
and CD73 (ENTPD1) activation on cancer cells and extra-
cellular adenosine generation by stromal cells. This issue
applies an immunosuppressive influence on PD-1 [94, 95].
Adenosine causes the prevention of NK cell infiltration and
cytotoxic T lymphocyte activity using intensifying Treg pro-
liferation [96]. In preclinical models, increased adenosine
signaling attenuates the antitumor immune response via the
expansion of Tregs and myeloid-derived suppressor cells
(MDSCs) as well as tumor-associated macrophages differ-
entiation into the immunosuppressive M2 phenotype
[84, 86, 97]. ADORA2A (A2AR) is another gene that have a
substantial role in the Adenosine pathway, whose high
expression was strongly correlated with the induction of
angiogenesis. Mechanistically, A2AR stimulation can increase
angiogenesis by reducing the production of thrombospondin-1
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(TSP-1) and triggering the differentiation of macrophages to
the M2 phenotype, which causes amplified expression of
proangiogenic factors including nitric oxide synthase, IL-10,
and VEGF [98–100]. Tumor cells and immune cells, like
dendritic cells and macrophages are the primary resources for
Lactate of TME [101]. The extraordinary lactate concentration
is immune suppression in various types of cancers. Lactate,
derived from cancer cells, inhibits the growth and cytokine
production of cytotoxic T lymphocytes (CTLs) [102].
Monocarboxylate 1 (MCT1) participates in lactate transpor-
tation to simplify metabolic reprogramming during tumor
progression. MCT1 is ubiquitously expressed in many kinds
of malignancy, such as breast cancer, melanoma, and prostate
cancer [103, 104]. In breast cancer, the overexpression of
MCT1 is reported in HER2+ tumors are correlated with high
CD163+ macrophages (M2) infiltration compared to other
types of breast cancer. The main reason for this phenomenon
is hidden, but some studies have suggested that high expres-
sion of MCT1 regulates the polarization of M2-like macro-
phages by influencing lactate uptake [104–106].

Limitations

The limitations of this study primarily stem from the rela-
tively narrow scope of investigation, particularly with regard
to the assessing of immune mutations within the TME and
cancer cells. It is imperative to acknowledge that this con-
strained perspective may impose certain constraints on the
depth and generalizability of our conclusions. First and
foremost, the restricted focus on immune mutations within
the TME and cancer cells implies that other critical factors
within the broader cancer ecosystem may not have been
comprehensively addressed. Cancer is a multifaceted disease
with an intricate interplay of genetic, epigenetic, and micro-
environmental elements. Consequently, an exclusive
emphasis on immune mutations may inadvertently omit other
crucial components, such as stromal cells, extracellular
matrix remodeling, and metabolic alterations, all of which are
integral to the TME’s dynamics. Thus, our conclusions may
offer an incomplete picture of the complex interactions that
govern cancer progression and immune responses. Further-
more, the limited scope may hinder our ability to capture the
full spectrum of immune mutations and their nuanced effects.
Immune-related genetic alterations can exhibit considerable
heterogeneity across different cancer types and individual
patients. By concentrating solely on a specific subset of these
mutations, we may not fully appreciate the diverse array of
genetic changes that can influence immune responses and
immune evasion strategies employed by cancer cells. Con-
sequently, our findings might not be fully representative of
the broader landscape of immune-related genomic alterations
and their implications in cancer biology. Another noteworthy

limitation is that our study’s narrow focus might restrict its
applicability to a specific subset of patients or cancer types,
potentially limiting the generalizability of our conclusions to
a more diverse population of cancer patients. The intricate
relationship between immune mutations, the TME, and
cancer cell behavior can exhibit substantial variations across
different malignancies and patient cohorts. Therefore, extra-
polating our findings to broader clinical contexts may require
caution and consideration of these variations.

Conclusion and Future Perspectives

Tumors, far from being mere assemblages of malignant
cells, are intricate structures comprised of various compo-
nents. Within this disorder, non-cancerous cells intermingle
with malignant cells, collectively creating a sophisticated
and dynamic ecosystem. Remarkably, every element within
this ecosystem assumes distinct roles and responsibilities.
However, it is essential to underscore that at the heart of this
complex milieu lie the cancer cells themselves. Any
alteration in the characteristics or behavior of these malig-
nant cells possesses the potential to exert profound reper-
cussions on both the non-malignant cell populations and
their respective functions. In the context of tumorigenesis,
the cancer cells act as the central orchestrators, dictating the
course of events within the TME. They secrete signaling
molecules, engage in crosstalk with neighboring cells, and
manipulate the surrounding ECM, thereby sculpting a
microenvironment conducive to their survival and pro-
liferation. However, it is not a unidirectional relationship;
the non-malignant cells also exert influence on the cancer
cells, creating a reciprocal interplay that can either promote
or impede tumor progression. Crucially, the inherent com-
plexity of cancer becomes even more pronounced when
considering that within a single type of cancer, the intro-
duction of a single genetic mutation or the dysregulation of
a single gene’s expression can trigger a cascade of changes
that dramatically transform the tumor environment. These
alterations can encompass shifts in immune cell infiltration,
modifications in the extracellular matrix composition, and
adjustments in the nutrient and oxygen supply—each of
which can profoundly impact the tumor’s behavior and
therapeutic responsiveness. As we delve deeper into the
intricate dynamics of the TME, it becomes evident that
there is a wealth of uncharted territory awaiting exploration
in future research. Unraveling the specific molecular
mechanisms governing the interactions between malignant
and non-malignant cells within the TME holds the promise
of unveiling novel therapeutic targets. Additionally, iden-
tifying biomarkers indicative of these dynamic changes may
facilitate early disease detection and the development of
personalized treatment strategies.
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