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Since molecular biology studies began, researches in biological science have centered on
proteins and genes at molecular level of a single cell. Cancer research has also focused on
various functions of proteins and genes that distinguish cancer cells from normal cells. 
Accordingly, most contemporary anticancer drugs have been developed to target abnormal
characteristics of cancer cells. Despite the great advances in the development of anticancer
drugs, vast majority of patients with advanced cancer have shown grim prognosis and high
rate of relapse. To resolve this problem, we must reevaluate our focuses in current cancer
research. Cancer should be considered as a systemic disease because cancer cells undergo
a complex interaction with various surrounding cells in cancer tissue and spread to whole
body through metastasis under the control of the systemic modulation. Human body relies
on the cooperative interaction between various tissues and organs, and each organ per-
forms its specialized function through tissue-specific cell networks. Therefore, investigation
of the tumor-specific cell networks can provide novel strategy to overcome the limitation of
current cancer research. This review presents the limitations of the current cancer research,
emphasizing the necessity of studying tissue-specific cell network which could be a new
perspective on treating cancer disease, not cancer cells.

Key words
Cancer cells, Cancer disease, Metastasis, Systemic disease, 
Tissue-specific cell network

Current status of cancer research

“What is true for E. coli must also be true for elephants.”
This quote by J. Monod in 1954, when molecular biology
studies began in earnest, is still valid today at the molecular
level. Since then, research in biological sciences has centered
on the cell and cellular molecules, contributing to the current
focus of the life sciences on proteins and genes at the molec-
ular level of a single cell. Accordingly, cancer research has

concentrated on cancer cells, and the differences between
normal cells and cancer cells, including their genetic varia-
tions (Fig. 1) [1]. 

For example, R. A. Weinberg’s “A perspective on cancer
cell metastasis,” published in 2011, focused on cancer cells
by explaining that the cancer overcomes the six steps of
metastasis via the capability gained by the cancer cell [2].
Therefore, the current cancer research focuses on various
functions of proteins and genes at the molecular or single-
cell level without considering the cell-surrounding environ-
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ment and the interaction between cells. As a result, develop-
ment of anticancer drugs has been based on the assumption
that all cancer cells share a certain set of characteristics dur-
ing abnormal growth. This principle underpinned the devel-
opment of drugs with anti-proliferative effects, starting with
the alkylating agents in 1946 [3]. The search for a standard
treatment for all cancers was launched through the develop-
ment of such cytotoxic anticancer drugs.

Accordingly, most contemporary anticancer drugs inhibit
cell division. These cytotoxic anticancer drugs effectively
suppress the division of both cancer and normal cells by
blocking the general mechanism of cell division, leading to
a multitude of side effects [1]. However, recently developed
agents with molecular targets—for example, signaling fac-
tors—are able to distinguish normal cells by targeting signal
transduction pathways uniquely related to cancer cell divi-
sion and attempting to normalize its function [1,4-6]. Such
agents target the specific abnormal signaling factors in cancer
cells rather than the general targeting strategy associated
with previous anticancer drugs. Among the target sites of the
160 anticancer drugs approved by Food and Drug Adminis-
tration (United States), up to 80% are focused on cancer cells,
and most of the targets are metabolic pathways and signal
transduction pathways related to cancer cell division, as
shown in Fig. 2. The remaining 20% of anticancer drugs tar-
get other components, such as immune cells and endothelial
cells. A detailed look at 80% of anticancer drugs shows that
alkylating agents act directly on DNA by suppressing cell
proliferation, while anti-metabolites act on the biosynthesis
of nucleic acids, such as DNA and RNA, thereby leading to
apoptotic cell death [7,8]. In addition, hormonal agents act
on intracellular hormone receptors, such as estrogen or prog-
esterone receptors, whereas plant alkaloids and antibiotics
mainly act on microtubules and DNA topoisomerase. Many
of the recently developed targeted agents block the aber-

rantly activated cell surface receptor tyrosine kinase, such as
epidermal growth factor receptor and human epidermal
growth factor receptor 2 [9,10]. The targeted anticancer drugs
for these proteins were developed based on technologies
such as monoclonal antibodies, DNA sequencing, and poly-
merase chain reaction, which were intensively developed in
the 1970s to the 1980s [1,11].

However, these anticancer drugs were not as successful as
expected for most solid tumors, and this was discussed at the
World Oncology Forum held in Lugano, Switzerland in 2012
[12]. Current anticancer drugs, including targeted drugs, are
not very effective against advanced malignant tumors other
than hematological tumors [12]. To overcome the limitations
of these current cancer drugs, we must reevaluate current
cancer research.

Necessity of Tissue-Specific Cell Network
Research

1. Cancer is a systemic disease

Expanded knowledge today indicates that multicellular 
organisms rely on biological phenomena that are non-exis-
tent in unicellular organisms. Multicellular life phenomena
exist in tissues or organs that are aggregates of cells and com-
posed of specialized systems, such as the circulatory system,
nervous system, and immune system. Defects and functional
disorders of these systems are closely related to the diseases
of multicellular organism. Based on these principles, the 
understanding of physiological phenomena has changed
over the last 60 years, as shown in Fig. 3. In this regard, can-
cer can also be considered as a systemic disorder, because

Normal cells Cancer cells

Controlled growth
Normal chromosomes
Undergo apoptosis
Contact inhibition
Stay in organ
Specialized cells
Undergo maturation and senescence
Even appearance
Even shaped nuclei
Organized arrangement

Uncontrolled growth
Abnormal chromosomes
No apoptosis
No contact inhibition
Ability to metastasize
Nonspecialized cells
Immature/undifferentiated
Variable appearance
Variable shaped nuclei
Disorganized arrangement

Fig. 1.  The differences between normal cells and cancer cells.
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malignant cancer causes human death via metastasis
through the vascular and lymphatic systems in its advanced
stage (Fig. 4).

2. Characteristic of systemic disease

Multicellular organisms, such as humans, exhibit the emer-
gence of new life phenomena at a superior level through 
hierarchical systematization (cell-tissue-organ-organism),
unlike unicellular organisms. Vertebrates, including humans,
strictly rely on the cooperative interaction between various
tissues and organs that perform specialized functions to
maintain their vital activities (Figs. 3 and 5). Each tissue per-
forms its unique function through the organic interaction of
its various component cells, including specialized cells work-
ing in a specific tissue. For example, recent studies have
shown that high-level brain functions, such as learning,
memory and creativity, as well as various cerebral disorders,
such as Alzheimer’s disease and Parkinson’s disease, are 
mediated by the complex cellular interaction network con-
sisting of nerve cells, glial cells, astrocytes, and endothelial
cells rather than by a specific protein or gene [13-16]. Simi-

larly, tumor cells become malignant by interacting with var-
ious surrounding cells during tumorigenesis [17], and it has
been shown that the tumor microenvironment, including the
surrounding cells, plays an important role in tumorigenesis
[18,19] (Fig. 4). 

Accordingly, the new challenge to the life sciences is the
establishment of a new perspective and methodology for
studying the high-level life phenomena present in such tis-
sues and organs. Thus, the cellular network at the meta-mol-
ecular level should become the focus of studies using an
integrative approach, drawing upon what was learned from
the previous reductive approaches and using changes in the
paradigm to study tissue characteristics and functions from
the superior level of cells. The cellular level shows a high
specificity from the numerous activities accumulated at the
molecular level, and thus an understanding of diseases
drawn from previous research focused on only molecules is
not sufficient to understand systemic diseases. Consequently,
new alternatives to overcome these limitations could be pro-
vided by studying at the cell network level.

From this point on, studies explaining the interaction net-
work between tissue-specific cells in various tissues and the
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1954, J. Monod
“What is true for E. coli must also be true for elephants”

2016
“What is true for elephants must be more than true for E. coli”

Fig. 3.  Paradigm shift from studying cells to studying systemic network of cells.
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emergence of tissue specificity because of this cell network
are required, as shown in Fig. 5.

The tissue-specific cell network plays an important role in
integrating and expressing tissue characteristics and func-
tions via unique interactions among various cells [20]. This
function differs from division, differentiation, and migration
of individual cells at the cellular level; rather, it involves a
synchronized coordination in the migration, division, and
differentiation and the spatiality of various cellular functions

of a group of cells. That is, a cell group constitutes a tissue-
specific cell network and collectively and covalently shares
the division and migration simultaneously at the entire tissue
level. This aspect presents a new field of interest and study
at the tissue-specific cell network level (Fig. 5). The types of
tissue-specific cell networks in the body are poorly under-
stood at present. 

A typical example of a tissue-specific cell network is the
network of blood vessels. Each human blood vessel consists

Angiogenesis
Circulatory system

Cancer
Diverse, complex,
systemic disease

Immune escape
Immune system

Invasion & Metastasis
Circulatory system

Inflammation
Immune system

Hepatocyte

Hepatic artery Sinusoid Central vein

Portal vein

Bile duct
Bile canaliculi

EC

Stellate cellKupffer cell
Liver sinusoid 

Liver

Cell level
· Cell proliferation and 
    apoptosis
· Cell differentiation
· Cell migration and invasion
· DNA replication, transcription,
    and translation

Cell network level
· Communication of cells
· Transfer and processing of informations 
    between cells
· Coordinated regulation of a group of cells
· Collective and covalent behaviors of cells

Tissue level
· Detoxification of various metabolites
· Production of biochemicals for digesting lipids
· Fibrogenesis as wound-healing process

Fig. 4.  Cancer is a diverse, complex, and systemic disease. 

Fig. 5.  Emergence of tissue specificity via cell-cell network. EC, endothelial cell.



of endothelial cells (ECs), but the same ECs create a com-
pletely different tissue-specific vascular system in terms of
function and characteristics, depending on which tissue-spe-
cific cells form the network. Representative examples are the
blood-brain barrier (BBB) in brain tissue and the sinusoid in
liver tissues (Fig. 6). The BBB can transfer nutrients, such as
glucose and amino acids, from blood, but it strictly blocks
toxic materials to protect the nervous system of the brain.
Thus, cerebrovascular ECs have the strongest tight junctions
in the human body and various transport systems [21,22].
During the BBB developmental process, brain-specific astro-
cytes form a network with ECs and induce strong tight junc-
tions between ECs [23]. However, liver tissues form fenestrae
between ECs to loosen the cellular adhesion for the active 
exchange of materials between blood vessels and hepato-
cytes to supply nutrients to the body after detoxifying the
materials at the space of Disse in the hepatic plate [24,25].
This creates a perforating vascular structure called a sinu-
soid, which allows the free exchange of materials. Perforating
ECs can also be observed in the intestinal mucosa, endocrine
gland, and glomerulus in the kidney and pancreas. A net-
work with liver-specific surrounding cells is expected to be
important in the development of perforating ECs, but 
detailed studies have not yet been performed.

Thus, new studies based on the cell network, unlike pre-
vious studies at the molecular level, can elucidate how cell
networks specifically generate tissues and can determine the
tissue-specific functions. These studies can be expanded to
introduce a methodology for interpreting the pathogenesis
of systemic disorders such as cancer in a novel manner. Cur-
rently, few cell networks are known to exist in various
human tissues, and thus, various cell networks must be first
investigated, and the emergence of new structures and func-
tions at the tissue level via the cell network can then be stud-
ied in detail. Subsequently, damage and destruction of the
cell network and its recovery during the pathogenesis of dis-
orders such as cancer should be studied so that a new per-
spective can be proposed on the pathogenesis and treatment
of systemic disorders. 

More than 10 years ago, we noted that the research of neu-
ral cell and blood vessel should be re-scoped from individual
molecular level to working group of cell network, which
means the minimal working unit between neural cells and
vessels and now named as the neurovascular unit [20,26,27].
For the last 10 years, the scope of cancer research also has
been enlarged from the molecules of individual cancer cells
to the interaction of cancer cells and other surrounding nor-
mal cells in the concept of tumor microenvironment [17-19].
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Astrocyte

Astrocyte

Hepatocyte

Space of disse
Stellate cell

EC

EC

Kupffer cell

BM
Pericyte

Pericyte

EC

Tight junction Fenestrae

BBB in brain Sinusoid in liver

Fenestrates

Fig. 6.  Different cell networks in the blood-brain barrier (BBB) of brain and the sinusoid of liver. BM, bone marrow; EC, 
endothelial cell.
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The presence of other normal cell, such as cancer-associated
fibroblast, in tumors were identified  and also the interaction
between these normal cells and cancer cells are being 
unveiled [28]. In addition, the cancer cells take advantages
of the normal immune cells for their survival and evading
the host defense system [29,30]. We now realized the limit of
molecular study in the cells and changed our view to the 
interaction of cancer cells to other cells. Therefore, these 
recently accumulated ampules of results in the tumor 
microenvironment may compensate our limit of understand-
ing of cancer, in part. However, still we are only looking at
the very limited parts of cell network in the tumor tissue. In
addition, virtually most of these studies aim to explain the
complicate systems with small number of molecules in the
small population of cells.

Cell Network Study in Cancer Research

Recent cancer genomic studies allow the large-scale screen-
ing of genetic mutations for various human cancers not in
animal tissues or in cancer cell lines [31,32]. The resulting 
genomic mutations are shown in Fig. 7 during the transfor-
mation of normal tissues to benign tumors and of benign 
tumors to malignant tumors [32-34]. However, the genetic
mutations that are consistently common during the transfor-
mation of non-metastatic tumors to metastatic tumors have
not yet been defined [32,35]. This result strongly suggests the
importance of the interaction network between cancer cells
and their surrounding cells in the advanced stage. Therefore,
in the tumorigenesis, the step from normal epithelial tissue
to adenoma, and then to carcinoma in situ, can potentially be
regarded as a local disease predominantly characterized by
cell proliferation, whereas the final step from carcinoma to
the metastatic tumor is presumed to involve a change to a
systemic disease. Thus, the intercellular interaction network
of cancer tissues is expected to play a critical role during this

Local disease Systemic disease

Metastatic tumor

Normal CarcinomaSmall
adenoma

Large
adenoma

Mutated genes
  APC
  ARID1A
  AXIN2
  CTNNB1
  DKK1-4
  FAM123B
  FBXW7
  LRP5
  SOX9
  TCF7L2

Mutated genes
  BRAF
  ERBB2
  ERBB3
  KRAS
  NRAS

Mutated genes
  IGF2
  IRS2
  PIK3CA
  PIK3R1
  PTEN
  ACVR1B
  ACVR2A
  SMAD2
  SMAD3
  SMAD4
  TGFBR1
  TGFBR2 
  ATM
  TP53

Fig. 7.  Switch of local disease to systemic disease during cancer metastasis.



change of cancer, from a local abnormality to a systemic dis-
ease. Therefore, investigation of the tumor-specific cell net-
work can propose a new breakthrough in explaining the
metastatic stage.

Conclusion

If the molecular changes in the interacting cells are the
point of focus in the cell network research, it would be more
difficult to identify a solution. The cell network study of can-
cer tissue becomes enigmatic beyond imagination consider-
ing that we now understand the dynamic heterogeneity of
cancer cells. The current massive molecular level study on
these heterogeneous populations will generate a huge
amount of data and information, which will be too complex
to solve the problems. The intratumoral, ever-changing het-
erogeneity is another big huddle making it more complicate
but we ignore now. Such complexity can be overcome by 
directly relating the tumor-specific cell network and the 
malignant tumorigenesis instead of investigating them at the
molecular level of the cells. The research targets of the tumor-
specific cell network may include an increase in the inflam-
matory response, an increase in invasion/metastasis, acqui-

sition of the immune evasion capability, a change in the dif-
ferentiation capability, etc as shown in Fig. 8. Through these
attempts, tumorigenesis can be newly understood and 
defined at the cell network level, which would enable the 
development of new-concept cancer drugs and treatments
that can regulate or block malignant metastatic tumorigene-
sis. It is time to study the tumor-specific cell networks, not
cancer cells.
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Cell network study Malignant tumorigenesis

· An increase in the inflammatory response
· Acquired tumor angiogenesis and 
    lymphangiogenesis
· An increase in invasion and metastasis
· Acquisition of the immune evasion capability
· A change in differentiation capability

Tumor cell
White blood cell
Platelet
Epithelial cell

1
2
3
4

Necrotic tumor cell
Adipocyte
Pericyte
Dendritic cell

5
6
7
8

9 Fibroblast
Smooth muscle cell
B cell
Helper T cell

10
11
12

Focus on the difference of cell networks 
  between cancer and normal tissues

Fig. 8.  Direct relation between the tumor-specific cell networks and the malignant tumorigenesis.
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