
BioMed Research Journal 
BMRJ, 6(2): 514-519 
www.scitcentral.com 

ISSN: 2578-8892 
Review Article: Open Access 

SciTech Central Inc. 
BioMed Res J (BMRJ) 514 

Crucial Role of the Immune System in Cancer Metastases Control and 
Therapeutic Implications 

Motawa E EL-Houseini* 
*Department of Cancer Biology National Cancer Institute Cairo University, Cairo, Egypt. 

Received October 27, 2021; Revised November 30, 2021; Accepted December 13, 2021 

ABSTRACT 
The humeral as well as the cellular immune system play an important role in cancer control. The therapeutic efficacy of 
immunological approach is limited by a restricted availability of tumor-specific antigens. Also, the efficacy of cytokine 
therapies and cell-based approaches (T-cells, dendritic cells, natural killer cells) is presently investigated in pre-clinical and 
clinical trials. In addition, several monoclonal antibodies have been approved by the U.S.A. Food and drug administration 
(FDA) for the treatment of system on the immunomodulation of cancer metastases and its crucial therapeutic role for 
improving the management of the disease. It also opens new avenue for a novel strategy of a promising cancer therapy based 
on the immune system of the patients suffering from the disease. 
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ROLE OF IMMUNE SYSTEM IN CANCER 
THERAPY 

The immune system plays a key role in cancer progression 
control. The concept of cancer immune editing explores the 
hypothesis that cellular immunity promotes tumor growth 
and can also eradicate the disease [1,2]. As a matter of fact, 
immunotherapy (IT) is a type of biological therapy that 
depends on immune system to selectively destroy cancer 
cells. There are different subtypes of IT that presented by 
antibody-based therapy and cell-based therapy [3]. The 
former is presented by check inhibitors (CPIs) such as 
cytotoxic T-Lymphocytes associated proteins -4(CTLA-4), 
Programmed cell death protein-1 (PD-1) and programmed 
cell death protein ligand 1 (PD-L-1) [4] the second is 
presented by generating lymphocytes populations mainly T 
Cells that possess anti-cancer immune response. Generally, 
T-lymphocytes can be grouped into CD4+ helper T cells and
CD8+ Cytotoxic T cells. They recognize their targets via the
T-Cell receptors (TCRs), but after primary stimulation by
antigen presenting cells presented by dendritic cells [5].

However, one of the biggest problems to find a cure for most 
solid malignancies is not the removal of the primary tumor, 
but the elimination of metastases [6]. The latter arise from 
solitary solid tumors when cancer cells undergo distinct 
changes and progress through a multi-step metastatic 
cascade, creating disseminated secondary tumors that 
difficult to treat. However, potentially immunogenic cancer 
cells could be recognized and destroyed by the host immune 
system [7]. Since, these cells acquire a high number of 

mutations and alterations that make them expressing tumor 
specific antigens that can be recognized as a non-self-
antigen and thereby activate the immune system, eventually 
leading to destroying cancer cells [8]. 

As a matter of fact, there are two important players that are 
operating in killing cancer cells. These are CD8+ cytotoxic 
lymphocytes (adoptive immune system) and Natural Killer 
cells (innate immune the former firstly need to be activated 
and primed by recognition of tumor associated antigens, 
presented by antigen presenting cells (APCs) such as DCs. 
Meanwhile the second (NK cells) do not recognize tumor 
specific antigens and therefore do not need to be primed. 
They directly recognize cancer cells through antigen specific 
receptors [9,10]. 

It has also shown that, there is increasing evidence of tumor 
lymphocytic immune infiltration in triple negative breast 
cancer that has been associated with improved disease-free 
and overall survival rates in this subtype of breast cancer 
with and without any treatment [11].  
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Furthermore, adoptive cell therapy (ACT) utilizing 
endogenous tumor-infiltrating lymphocyte (TILs) has shown 
a complete response lasting beyond 3 years in a 20% of 
metastatic melanoma patients [12] Also, ACT with TILs was 
found to be a useful therapeutic strategy in the treatment of 
human pancreatic tumors with high lethality and limited 
treatment options [13]. 

Moreover, it has been documented that, the decreased ratios 
of CD8+Cytotoxic T lymphocytes to FoxP3+CD4+CD25+ 
(T-Reg cells) in tumors correlate with poor prognosis among 
cancer patients [14]. 

It has also been shown that, Tumor-infiltrating T cells, 
(CD8+) / T-Reg cell ratio and CD8+/ cancer stem cells ratio 
are correlated with lymph node metastasis in patients with 
early breast cancer [15]. 

It is well known that, cellular immunotherapies approach 
encompasses multiple strategies, including the adoptive 
transfer of tumor-infiltrating lymphocytes, dendritic cells, 
natural killer cells and engineered immune components such 
as chimeric antigen receptors constructed T-cells (CAR-T 
cells) and engineered T cell receptors [16] (Figures 1 & 2). 

Figure 1. Mechanism of action of Cytotoxic T lymphocytes (CTL) and Natural Killer Cells (NKc) against Cancer cells. 

Figure 2. Crucial Role of DCs on the development of immunotherapy. 
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It has been also shown that, treatment with immunotherapy 
using Anti-CTLA-4, Anti-PD-1 or the combination of these 
antibodies was very promising results and able to improve 
survival in patients with metastatic melanoma. Also, 
adoptive immunotherapeutic strategy using tumor- 
infiltrating lymphocytes has shown very promising results in 
those previous mentioned patients [17]. 

ROLE OF IMMUNE SYSTEM IN CANCER 
VACCINES 

As a matter of fact, Dendritic cells (DCs) represent an ideal 
effective strategy for the design an effective vaccine for 
cancer patients. Recent advancement on the knowledge of 
the numerous DCs subtypes, their functions and T-cell 
polarizing abilities has led to the development of several 
protocols for the ex-vivo different ion of autologous DCs 
and Their loading with tumor-associated antigens. Also, 
novel strategies for in-vivo targeting of the latter and 
adjuvants to natural DCs subsets have been developed [18]. 

It has been shown that, he efficacy of cancer vaccines 
strategies have difficulties to generate broad and robust 
immune responses as well as to overcome immune escape 
mechanisms [19]. The preclinical and clinical studies have 
demonstrated that for optimal induction of tumor-specific T 
cells, DC vaccines should exhibit three major criteria, 

 First: an ability to migrate to lymph nodes

 Second: the DCs must maintain its mature phenotype in
the lymph nodes for sufficient time to activate and
expand a tumor-specific T-cell response that is able to
eliminate the tumor.

 Third: the DCs must stably present Tumor associated
antigens [20].

Moreover, an effective DC vaccine for malignancies must 
provide cognate T- cells with three signals as follow: 

 First Signal: antigen presented as peptide epitopes on
MHC molecules

 Second Signal: Membrane-bound costimulatory
molecules such as CD80 and CD86.

 Third Signal: Soluble co-stimulatory molecules such as
the pro-inflammatory Cytokine IL12 [21].

As a matter of fact, DCs cancer vaccines aim to stimulate the 
anti-tumor immunity in the patients by harnessing the 
capacity of DCs to activate tumor-specific T-cells This can 
be performed by infusing patients with ex-vivo antigen 
loaded DCs [22]. Also, DCs play a pivotal role in the tumor 
micro environment, so tumor infiltrating DCs could open 
new avenue for a promising development in cancer 
therapeutic strategy [23] (Figure 3). 

Figure 3. Development of DCs Vaccines against patients suffering from Malignancies. 

Moreover, the clinical benefit of the therapeutic cancer 
vaccines has been established, that was mostly noted as 

prolonged survival among those cancer patients treated with 
Cancer vaccines. It has been also observed that, the 
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specificity of therapeutic vaccination combined with some 
immunomodulation such as T cell checkpoint inhibitors 
could offer an attractive avenue for the development of 
future cancer therapy [24]. 

Furthermore, regarding the techniques that are using for the 
current cancer vaccines could fall into the following three 
major categories; 

 First: cell vaccines (Tumor or immune cells)

 Second: Protein/peptide vaccines and finally

 Third: nucleic acid Vaccines (DNA, RNA, or viral
vector) [25].

It has been demonstrated that, anti-HER-2 DCs vaccination 
is a safe and immunogenic treatment to induce tumor-
specific T cell responses in HER-2 positive patients [26]. 

DC vaccination in patients could be more effective when 
combined with other therapies or agents with immune 
modulatory function. In phase I Clinical trial of DC 
Vaccination for recurrent ovarian cancer, patients were 
treated with DC vaccination alone DC vaccine plus 
bevacizumab or DC vaccine with the latter plus low-dose of 

Cyclophosphamide given the day before the vaccination 
[27]. Moreover, Sipuleucel-T Vaccine derived from 
peripheral blood leukocytes treated with a fusion protein 
composed of the prostate tumor antigen (prostatic acid 
phosphatase) combined with granulocyte mononuclear 
colony stimulating factor (GM-CSF) to promote DCs 
differentiation from precursor monocytes was approved by 
U.S.A FDA for treatment of metastatic Castration-resistant 
prostate cancer [28]. 

ROLE OF IMMUNE SYSTEM IN CANCER 
METASTASES CONTROL 

One of the biggest problems to find an effective cure for 
most solid malignancies is not the removal of the primary 
Tumor but the elimination of its metastases. Therefore, the 
latter are the leading cause of death among patients suffering 
from malignancies [29]. 

Over a century ago, experiments have indicated a link 
between the immune system and cancer metastases. Those 
previous studies have shown that; the primary malignant 
tumor (PMT) could induce an immune response, which may 
not be sufficient to destroy the PMT, but could prevent the 
growth of secondary tumor or metastases [30] (Figure 4). 

Figure 4. Role of Immune system in cancer metastasis. 

It was also shown that, murine models of metastasis revealed 
a progressive growth of primary tumor suppressed the 
growth of a newly implanted secondary tumor through the 

immune system mechanism, a phenomenon known as 
concomitant immunity (CI). In another word, the tumor can 
induce both an anti-tumor immune response as well as 
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immunosuppressive mechanism to evade an attack by 
immune system [31]. Recent studies have provided a deeper 
under-standing of the impact of surgical tumor resection on 
the systemic immune state and immunological control of 
metastasis. The phenomenon of the metastatic outgrowth 
following surgical tumor resection has been documented in 
several cancer types, where shedding of tumor cells into the 
circulation of the patients lead to new and accelerated 
metastatic growth despite the resection of the primary tumor 
[32]. On the other hand, Surgical resection of the primary 
tumor triggers healing programs that elevate circulating IL-6 
and G.M-CSF and ultimately drive myeloid subsets towards 
immunosuppressive states [33]. Moreover, Patients with 
colorectal cancer after surgical resection exhibited decreased 
IFN-g secretion from peripheral NK Cells compared to 
healthy subjects. Therefore, these data suggested multiple 
mechanisms by which surgical resection induces global 
immunological perturbation that can promote metastasis 
[34]. 

Recently, Treatment with immunotherapy namely anti-
CTLA-4, anti-PD-1 or the combination of these anti-bodies, 
also adoptive cell therapy using tumor-infiltrating 
lymphocytes have shown very promising results and were 
able to improve survival in patients with metastatic 
melanoma [35]. It has been shown that, tumor-infiltrating 
lymphocytes are an important component of the tumor 
microenvironment in breast cancer. Also, tumor- infiltrating 
regulatory T-Cells, CD8+/T-Reg. Ratio and cancer stem 
cells are correlated with lymph node metastasis in patients 
with an early breast cancer [36]. 

As a matter of fact, metastasis is the leading cause of death 
among cancer patients. During the metastatic cascade, 
cancer cells tightly interact with the immune system and 
they influence each other, both in the tumor 
microenvironment and systemically [37]. 

It has been shown that, immune cells are important 
regulators of angiogenesis and lymph angiogenesis [38]. The 
latter are promoted by hypoxia in the tumor micro-
environment. Hypoxia in turn influences the recruitment and 
function of tumor infiltrating immune cells in promoting 
their pro-angiogenic function [39]. 

CONCLUSION 

Immune system could open new avenues for the 
development of novel biological therapy, vaccines and 
control of metastases for those patients suffering from 
malignancies. 
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