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Abstract
Tumors are complex tissues of malignant cells surrounded by a diverse cellular micro-environment with which they interact. The molecular 
and cellular underpinnings of cancer cells have been increasingly understood during the last few decades. Nonetheless, a great deal 
remains unknown regarding the ways in which tumour cells modify their surroundings and impact the organisation and makeup of cells. 
This review aims to concentrate on recent advancements in molecular characterization of tumor cells and its immunology, provides 
recent and general insight into cancer immunity and immunotherapy, and discusses the immunobiology of human adaptive and innate 
immunity to malignant growth of cancer cells, the mechanisms that support human immune response from beneath, an up-to-date scientific 
development to cancer immunotherapy, and how tumor and host responses can Encircle as a military tactic effective anti-cancer immunity.
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1. Introduction
Cancer is a very complex chain of diseases that starts slowly and 
spreads throughout the body, impairing growth regulation. It is 
a disease with a global health challenges that claims one out of 
every six lives worldwide. In most organs and tissues, there is a 
usual maintenance of balance between cell renewal and cell death. 
The lifespan of various types of adult cells in the body varies; as 
old cells die; new cells are created through the proliferation and 
differentiation of various types of stem cells. The generation of 
new cells is normally regulated such that the number of any single 
type of cell remains constant. Cells that no longer respond to 
normal growth-control mechanisms do appear on occasion. These 
cells give rise to clones of cells that can grow to be quite large, 
resulting in a tumor, or neoplasm. A benign tumor cannot develop 
continuously and does not significantly invade the healthy tissue 
in nearby areas. Malignant tumors enlarge and spread more and 
more; this type of tumor represents what is essentially meant by the 
term “Cancer.” Malignant cells show the following characteristics: 
cell cycle acceleration; genomic mutations; aggressive growth; 
increased cell mobility; chemotaxis; changes in the cellular 
surface; and lytic factor secretion [1-3].

Cancer can develop almost everywhere in the human body, which 
contains trillions of cells. Human cells normally grow and divide 
(a process known as cell division) to generate new cells as the 

body requires them. Cells die as they become old or injured, and 
new cells replace them. This ordered process can sometimes break 
down, allowing abnormal or damaged cells to grow and reproduce 
when they should not. Tumors, which are masses of tissue, can 
form from these cells. Cancer cells are different from normal 
cells in numerous ways. For example, proliferate in the absence 
of growth signals. Normal cells only expand when such signals 
are received, disregard signals that typically instruct cells to stop 
growing or die (a process known as programmed cell death, or 
apoptosis), invade neighbouring areas, and spread to other parts 
of the body [4].

Tumors are complex tissues made up of malignant cells that are 
surrounded by a diverse cellular micro-environment with which 
they interact. Single-cell sequencing allows for the molecular 
characterization of individual cells inside a tumor. However, 
the current level of study in single-cell biology for molecular 
characterization of overall tumor cell heterogeneity for each cell 
should be well-known for successful cancer treatment [5].

This review focuses on recent advances in molecular 
characterization of tumor cells and cancer immunotherapy, with 
an emphasis on the challenges, potential risks, and opportunities 
associated with their use. The review also outlines the key 
characteristics that set tumour cells apart from healthy cells.
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2. Molecular and Cellular Characteristics of Cancer Cell
Cancer is now understood to be caused by mutations in genes 
that govern cell growth. Thus, genetic mutations are found in all 
cancers. These mutations change the amount or function of protein 
products that control cell growth, division, and DNA repair. 
Oncogenes and tumor suppressor genes are the two most common 

types of altered genes [6,7]. Sustained proliferative signalling, 
eluding growth inhibitors, preventing cell death, permitting 
replicative immortality, inducing angiogenesis, and activating 
invasion and metastasis are characteristics that set tumour cells 
apart from normal cells [8].

Sustained proliferative signalling, eluding growth inhibitors, preventing cell death, permitting 

replicative immortality, inducing angiogenesis, and activating invasion and metastasis are 

characteristics that set tumour cells apart from normal cells [8]. 

 

Fig 1: cancer cell vs normal cell [4] 
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of malignancies. The genetic and epigenetic codes, two intrinsic programmes in cells, direct 

those. All those codes eventually change in cancer, whether it was an internal or external trigger 
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Figure 1: Cancer Cell VS Normal Cell

The molecular machinery in cells that drives the fundamental 
processes of proliferation (growth of the cell population by cell 
division), differentiation (specialisation of the cell into distinct 
tissue types), and apoptosis (planned cell death) is always 
necessary to determine the aetiology of malignancies. The genetic 
and epigenetic codes, two intrinsic programmes in cells, direct 
those. All those codes eventually change in cancer, whether it was 
an internal or external trigger that caused the illness in the first 
place. To be sure, the fact that a cancer cell proliferates itself is one 
of its basic traits. Stated differently, cancer is a self-perpetuating 
sickness that, once it manifests, becomes an inherited condition of 
cells [9].

Discovering and characterising metabolic programmes essential 
to cancer has been made possible by notable advancements in 
analytical techniques that assist the study of cellular metabolism. 
The metabolite profile of a sample has been significantly increased 
by optimising Mass-Spectroscopy based methods; additionally, 
the measurement of metabolite engagement and compartmental 
exchange has been made easier by the advent of stable isotope 
tracing and intra- or extracellular metabolic-sensors [10].
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Mass-Spectroscopy based methods; additionally, the measurement of metabolite engagement and 

compartmental exchange has been made easier by the advent of stable isotope tracing and intra- 

or extracellular metabolic-sensors[10].

 
Fig 2: The main causes of human cancers and hallmarks of cancer established[11]. 
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Figure 2: The Main Causes of Human Cancers and Hallmarks of Cancer Established [11]

3. Malignant Transformation (Tumorigenesis)
The process by which normal, metaplastic, or benign neoplastic 
tissue transforms into cancer is referred to as malignant 
transformation. The process is typically carried out in a succession 
of steps, with the damaged tissue gradually accumulating genetic 
changes that show a malignant phenotype. The genetic stages are 
slowly becoming revealed [12]. 

With the development of novel deep sequencing technologies, 
new avenues for investigating the underlying molecular events 
that lead to cancer have opened up. A large number of studies have 
looked into tumor mutations, such as the Cancer Genome Atlas’s 
analysis of mRNA expression, micro RNA expression, and DNA 
copy number in a large number of Tumors [13].

4. Tumor Micro-Environment Complexity
Cancer cells and their surroundings microenvironment interact 
closely through molecular communication, which determines 
their biological properties and behaviour. The tumour 
microenvironment plays an important role in tumour maintenance 
and spread. As a result, understanding the interactions between the 
microenvironment and the tumour is critical for the investigation 

of novel promising therapeutics [14].

Cancer is a complex and heterogeneous illness with a dynamic 
interplay between cancer cells and their surroundings. The 
extracellular matrix, fibroblasts, immune cells, pericytes, 
blood vessels, and cancer cells interact to form the tumour 
microenvironment. Tumor microenvironment is made up of 
a variety of cellular and non-cellular components, including 
endothelial cells, immune cells, adipocytes, stromal cells, 
fibroblasts, extracellular matrix, and blood vasculature, among 
many others. Tumour cells and its micro-environment components 
such as cytokines, chemokines, growth factors, immune cells, 
proteins, and enzymes interact and crosstalk with one another 
[15,16].

The hypoxic microenvironment has been linked to cancer as 
well as drug resistance. Understanding the processes involved in 
hypoxia regulation may lead to the identification of new therapeutic 
targets. Exosomes have been identified as valuable diagnostic and 
therapeutic tools in this area, disclosing tumor-derived secretomes 
and delivering medicines to tumour cells [17].
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Fig 3: The Tumor Microenvironment (TME)[18]. 
Figure 3: The Tumor Microenvironment (TME) [18]

In addition to a cancer cell that has undergone malignant 
transformation, tumours also contain a variety of other cell types, 
such as immune system cells, fibroblasts, and endothelial cells. 
The extracellular matrix (ECM) of the tumour is made up of all of 
these cells plus cancer cells. The term “tumour stroma” refers to 
the ECM and non-cancerous cells within the tumour. Significant 
progress has been made in discovering the molecular processes that 
allow cancer cells to manipulate the immunological component 
of the microenvironment in order to promote tumour growth and 
dissemination [19,20].

4.1 Tumor Angiogenesis
Angiogenesis, the process of creating new blood vessels from 
pre-existing ones, has three basic mechanisms: sprouting, 
intussusception, and looping. Because abnormalities in the 
angiogenic process might result in major clinical disorders, the 
mechanism of angiogenesis is strictly regulated by highly specific 
antigenic stimulators and inhibitors. Tumour angiogenesis is 
essential for the survival and growth of tumour cells and is crucial 
for their expansion, invasion, and metastasis [21,22].

Normal vasculature has an organised and hierarchical branching 
arrangement of arteries, veins, and capillaries. Endothelial cells 
in healthy arteries are supported by basal membrane and pericytes 
and are closely linked by stable cell-cell junctions. Tumour vessels 
differ from normal vessels in both morphology and functionality. 
Tumour vasculature exhibit an unorganised network lacking of 
hierarchical vessel division in response to chronic and unbalanced 

expression of angiogenic factors and inhibitors. Tumour blood 
vessels have decreased blood flow, endothelial cell sprouting, and 
abnormal endothelial cell basal membrane, all of which contribute 
to tissue hypoxia and tumour cell intravasation [23].

Tumour vascularization is caused by multiple separate biological 
processes that not only differ by tumour type and anatomic 
location, but also occur concurrently within the same cancer tissue. 
These activities are controlled by a variety of secreted proteins and 
signalling pathways, and non-endothelial cells, such as progenitors 
or cancer stem cells, may participate. Controlling tumor-associated 
angiogenesis is a viable strategy for slowing cancer progression 
because angiogenesis is required for tumour growth and metastasis 
[23,24].

4.2 Cancer Invasion and Metastasis
Most cancer patients die as a result of cancer metastasis, which is 
the spread of cancer cells to tissues and organs outside of the area 
of the original tumour and the development of new tumours. The 
procedure, known as the “metastatic cascade,” consists of a series 
of steps that must be completed for the tumour cell to properly 
metastasis. As a multiplex disease, cancer is complicated in part 
due of this process. Changes in cell-cell adhesion and cell-matrix 
adhesion play a crucial role in the metastatic cascade. The loss 
of cell adhesion, which causes the cell to become detached from 
the parent tumour, and the cell’s subsequent capacity to develop a 
motile phenotype through modifications in cell-matrix interaction 
are therefore necessary for the metastatic cascade to occur [25].
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4.3 The Cells of Immune System and Cancer Cell 
Cancer cells implement diverse mechanisms that imitate peripheral 
immune tolerance in order to avoid tumoricidal attack as the tumour 
progresses from neoplastic tissue to clinically identifiable tumours. 
Cytotoxic innate and adaptive immune cells can regulate the 
growth of tumours, however when they progress from neoplastic 
tissue to clinically identifiable tumours, cancer cells develop 
new defence mechanisms that imitate peripheral immunological 
tolerance to fight against tumor-curing attacks [26]. 

Cancer vaccines based on tumour antigens may be able to induce 
more focused and effective anti-tumor immune responses with 
fewer toxicities and side effects. Designing a cancer vaccine is 
primarily determined by the choice of tumour antigens. Current 
tumour antigens and recent advancements in tumour antigen-based 
cancer vaccines, such as traditional antigen vaccines, neoantigen 
vaccines, shared antigen vaccines, and oral antigen vaccines, are 
summarised with the goal of serving as a fundamental building 
block for the further development of novel cancer vaccine-based 
therapies [27].

Viral infection is thought to be a significant contributor to the 
global cancer burden, accounting for an estimated 15% of all 
human malignancies globally. Cancer in humans can be brought 
on by viruses with DNA or RNA, it has been demonstrated. 
Epstein-Barr virus, human papilloma virus, hepatitis B virus, and 
human herpes virus-8 are the four DNA viruses that can lead to the 
emergence of cancer in people. The two RNA viruses that cause 
cancer in humans are the hepatitis C and human T lymphotrophic 
virus type 1 viruses [28].

Genes having a tissue-specific expression code for differentiation 
antigens. As a result, they are displayed by specific tumour 
types as well as the equivalent healthy tissue. The enhanced 
transcription or gene amplification that occurs in tumours causes 
some genes to be overexpressed. Promiscuous gene expression, 
which is the expression of tissue-specific self-antigens in the 
thymus, imposes T cell tolerance and guards against autoimmune 
disorders. Additionally, this antigen pool contains a number of 
tumor-associated antigens (TAA) that were previously believed to 
be immune system-separate [29,30].

Neoantigen that activate CD8 T cells to fight cancer can be produced 
by tumor-specific mutations. The identification of mutations and 
the prediction of neoantigens have been accomplished with success 
using next-generation sequencing and computational techniques. 
The identification of a new class of tumour antigens formed from 
somatic mutations, also known as neoantigens or tumor-specific 
antigens and which we have named mutation-derived tumour 
antigens (MTAs), has been made possible by recent improvements 
in genetic sequencing technologies [31].

4.4 T- Lymphocytes, Antibodies, NK Cells and Macrophages 
Cells and Cancer Cell Reactions
T cells are adaptive immune system components that function 
as coordinators and effectors of immunity. Depending on the 
immunological milieu, T cells can develop functional and 
effector phenotypes whose activity has direct inflammatory or 
anti-inflammatory implications. Naive T cells will be primed in 
the draining lymph nodes during the early phases of tumour start, 
followed by their concurrent activation and migration to the TME, 
if sufficient immunogenic antigens are generated. They mount 
a protective effector immune response from there, eradicating 
immunogenic cancer cells.

Recent developments in antibody engineering techniques have 
made it feasible to design various antibody-associated tumor-
targeted delivery systems for chemoprevention, chemotherapy, 
and early cancer detection. Understanding the roles of natural 
killer (NK) cells in immunity to viruses and tumours has advanced 
significantly in recent years. Natural killer (NK) cells are cytotoxic 
innate lymphoid cells that release chemokines and cytokines that 
cause inflammation. They inhibit the growth of tumours and viral 
infections by lysing altered or infected cells [32,33].

The ability of natural killer (NK) cells to eliminate cancer cells 
without purposeful immunisation or activation led to their initial 
discovery. They were then discovered to possess the ability to 
eliminate specific virus-infected cells as well as to target cells that 
do not exhibit major histocompatibility complex (MHC) class I 
antigens. The molecular processes governing NK activation and 
function have been revealed by the recent identification of novel 
NK receptors and their ligands. It has been discovered that NK cells 
can identify tumours and virus-infected cells thanks to a number 
of activating NK cell receptors and costimulatory molecules. 
Macrophages have the potential to kill tumour cells, mediate 
antibody-dependent cellular cytotoxicity and phagocytosis, elicit 
vascular damage and tumour necrosis, and activate innate or 
adaptive lymphoid cell-mediated mechanisms of tumour resistance 
[34,35].

4.5 Immune Responses to Tumors
Due to its ability to identify aberrant antigens on the cell surface 
as “nonself,” or foreign, the immune system is able to recognise 
and eliminate newly formed cancer cells. Since foreign substances 
typically pose a threat to the body, the immune system is designed 
to eliminate them. Collectively, the immune system can both 
support and inhibit tumour growth, which contributes to cancer. 
Against cancer, infectious agents, and external invaders, the 
immune system is a network of organs, cells, and signals.

Cancer immune responses are intricate. Immuno-editing is the 
process by which immune system cells identify and reject cancerous 
cells, thereby halting the formation and progression of tumours. 
However, by causing oncogenic inflammation, immune responses 
can also encourage the proliferation, survival, and angiogenesis of 
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tumour cells. Both spontaneous and virally generated cancer can 
be predisposed to by immunodeficiency, and established tumours 
frequently create immunosuppressive microenvironments that can 
impede the formation of effective antitumor immunity [36].

Certain lymphocytes that are specific to an antigen proliferate 
as a result of a particular immunological response. Through the 
production and release of lymphokines, chemokines, and cytokines, 
antibodies and T-cell receptors are produced and up-regulated, 
leading to the development of immunity. When antigenic responses 
against carcinomas are triggered, the innate and acquired immune 
systems work together. Immunosuppressed and immunodeficient 
patients have a higher incidence of malignancies, which illustrates 
the role of the immune system in avoiding cancer. Tumours change 
to evade immune-mediated destruction as a result of the immune 
response’s selective pressure [37,38].

4.6 Cancer Therapy 
Cancer treatment has been a difficult and time-consuming process. 
Traditional treatment approaches, such as surgery, chemotherapy, 
and radiotherapy, have been used in the past, but significant 
advances in recent years have included stem cell therapy, targeted 
therapy, ablation therapy, nanoparticles, natural antioxidants, 
radionics, chemodynamic therapy, sonodynamic therapy, and 
ferroptosis-based therapy. Current oncology strategies are centred 
on the creation of cancer nanomedicines that are both safe and 
effective. Stem cell therapy has shown promise in regenerating and 
repairing diseased or damaged tissues by targeting both primary 
and metastatic cancer foci, while nanoparticles have provided new 
diagnostic and therapeutic possibilities.

Cancer Immunotherapy has made steady progress towards 
improving human health during the past ten years. Chimeric 
antigen receptor (CAR) T-cell therapy, an emerging method, has 
the advantages of precise cancer cell elimination, a high incidence 
of symptom remission from cancer, quick tumour eradication, and 
long-lasting tumour immunity, opening a new avenue for tumour 
treatment. Due to target diversity, tumour heterogeneity, and the 
intricate microenvironment, CAR T-cell therapy for solid tumours 
still faces some difficulties [39].

Understanding of the immune system’s function in preventing 
cancers and the strategies used by cancer cells to evade 
immunosurveillance has advanced significantly during the last 
20 years. Certain forms of leukaemia and lymphomas, as well as 
melanoma, lung cancer, bladder cancer, and other cancers, have all 
responded remarkably well to cancer immunotherapy treatment.

Cancer immunotherapy has become a cutting-edge cancer 
treatment, despite the fact that recent immunotherapy trials have 
yielded less than ideal results and that only a tiny percentage 
of patients have experienced persistent responses. It has been 
demonstrated that tumour immune evasion and treatment failure 
are caused by the tumour microenvironment (TME). Tumor-
associated macrophages (TAMs) are essential to the tumour 
microenvironment (TME). TAMs have emerged as interesting 
targets for cancer immunotherapy and are typically linked to poor 
prognosis and treatment resistance, including immunotherapies 
[40].

A new approach to the treatment of cancer has been immunotherapy, 
which aims to up-regulate the immune system in order that it 
may better control carcinogenesis. Currently, several forms of 
immunotherapy that use natural biological substances to activate 
the immune system are being explored therapeutically. The 
various forms of immunotherapy fall into three main categories: 
monoclonal antibodies, immune response modifiers, and vaccines.

Cancer immunotherapy has become preferable among researchers 
in recent years compared to conventional therapeutic options, 
such as chemotherapy, surgery, and radiotherapy. The control 
of immunological checkpoints, oncolytic viral therapies, cancer 
vaccines, cytokine therapies, and adoptive cell transfer are among 
the five main categories into which scientists have lately divided 
the processes of cancer immune therapies. A number of stimulatory 
and inhibitory factors, when combined, control the immune 
response and prevent the excessive reaction that could result in 
autoimmune illness, which is the hallmark of the cancer-immunity 
cycle. The study of tumour immunology has been improved and 
treatment possibilities have been transformed by immunotherapy.
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5. Conclusion 
The molecular and cellular underpinnings of cancer cells have been 
increasingly understood during the last few decades. Nonetheless, 
a great deal remains unknown regarding the ways in which tumour 
cells modify their surroundings and impact the organisation and 
makeup of cells. Numerous factors, including internal cell factors 
and the cell microenvironment, influence tumour heterogeneity. 
Effective and personalised tumour treatment is limited mostly 
by heterogeneity. Understanding the variability of tumours in 
multiple dimensions and being able to employ a range of detection 
techniques flexibly to capture tumour changes at a time when 
targeted therapy and immunotherapy are developing quickly can 
improve cancer diagnosis and treatment plans while also benefiting 
patients.

The process of stable clonal selection occurs and transforms 
heterogeneous tumors into a therapy-resistant, fast-progressing, 
and metastatic stage. Our current knowledge regarding molecular 
principles and cellular traits during these processes is rather limited. 
The molecular concepts and cellular characteristics involved in 
these processes are mostly unknown to us at this time.
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