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Editorial
Systems biology is to integrate and analyzes heterogeneous data 

from various platforms to broadly study the state of the biological 
systems using computational and statistical methods, from which 
hypotheses can be generated for further exploration [1]. The immune 
system is a complex multi-scale biological system, which comprises 
of diverse types of innate and adaptive immune cells and involves not 
only intracellular biochemical networks that regulate cell fates but also 
intracellular networks with various immune cells by direct contact or 
through the secretion of local or systemic signals, to protect against 
infection and eliminate disease from the host. Systems immunology is 
an emerging field and under the large umbrella of systems biology and 
provides more integrated prospective on immune system and functions 
of various components at different system levels [2].

The immune system has the natural capacity to detect and destroy 
tumor cells based on their genetic abnormalities. Immune cells can 
infiltrate tumors to eliminate the malignant tumor cells but the 
immune system often fails to prevent tumor formation and progression 
because tumor could avoid detection and destruction by the immune 
system through resisting immune mediated cell death and suppressing 
the immune system [3,4]. Cancer immunotherapy is the use of the 
immune system to treat cancer, which is the most rapidly advancing 
field of cancer treatment in the past few years. Immunotherapies 
either stimulate specific component of the immune system to drive 
an anti-tumor immune response or counteract signals in the tumor 
microenvironment that suppress immune responses. There have 
been significant achievements in immunotherapies utilizing dendritic 
cells, cancer vaccines, anti-tumor antibodies, adoptive T cell therapy, 
immune checkpoint blockade, and combinations of these strategies 
with other modalities such as chemotherapy or radiation therapy [5,6].

However, tumor-immunity interaction and function change 
of immune system in the tumor environment is complex whose 
analysis requires a systemic view to succeed in developing efficient 
cancer immunotherapies. Various types of immune cells in the cancer 
environment play important roles in the tumor progression. Several 
have dual roles in cancer with antitumor or pro-tumor activity, such 
as macrophages, NK cells, and CD8+ T cells. The interplay between 
immune cells and tumor cells or among immune cells (such as 
regulatory T cells, myeloid-derived suppressor cells) is essential for the 
functional transition of immune cells towards to a state of tolerization, 
exhaustion and dysfunction [3,4]. Current existing immunotherapies 
and future directions can be generalized with educating immune 
cell function through adoptive cells, antibodies, bioengineering and 
inhibitors. However, the molecular mechanisms of the dysfunctional 
transition of infiltrated immune cells are largely unknown. Systems-
wide analysis of intracellular and intercellular factors leading to 
the dysfunctional transition remains a big challenge. Thus, to better 
design intervening strategies to educate immune system for cancer 
immunotherapy, it is crucial to use systems immunology approaches 
to investigate what keys factors leading to the dysfunctional transitions 
of different infiltrated immune cells in the cancer microenvironment.

Network biology is the most powerful systems biology approaches 
to analyze the complexity of the biological system and characterize 
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their mode of action [7]. Reconstructions of intracellular regulatory 
networks and functional networks of different types of immune cells 
and even intercellular networks among these immune cells are vital 
to identify key intracellular and intercellular factors leading to the 
dysfunctional transitions of tumor-infiltrated immune cells. Although 
there are plenty of data mining to be done currently based on high-
content data deposited in public databases and publications, more 
precise and specific data should be collected in the future for systems 
analysis in a specific cancer, such as signature genes of various types of 
tumor-infiltrated or tolerized immune cells, soluble factors in a tumor 
microenvironment, tertiary structure of immune cells in the cancer 
microenvironment. This analysis also requires the development of 
bioinformatics tools to support. 

Systems cancer immunotherapy will consider utilizing multiple 
ways at different systems levels simultaneously by targeting various 
components of the immune system to be fully educated with anti-tumor 
activity. Systems cancer immunotherapy comes of age although it still 
have many challenges and obstacles to overcome in understanding 
the basic knowledge of immune system and its interaction with the 
tumor microenvironment, developing systems biology tools, designing 
combination strategies and evaluation strategies of treatment.  In the 
future, a patient with a specific cancer will be treated with combinations 
of adoptive bioengineered immune cells, vaccines, antibodies, 
inhibitors and other modalities such as chemotherapy or radiation 
therapy to rewire the immune system to eliminate the disease.
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