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“Brücke and I, we have sworn to assert the truth that no 
forces are effective in the organism other than the strictly 
physico-chemical.” 

—Emil du Bois-Reymond, physiologist (1818-1896)

Reductionistic and holistic paradigms
Cancer research—like all life sciences—has devel-

oped in the tension between nothing-buttery and moreth-
anism1-3: The reductionistic paradigm rests on the 
hypothesis that every living organism is “nothing but” 
physical and chemical reactions and can be fully 
explained by interactions of its parts, while the holistic 
paradigm implies that the whole of a living organism is 
“more than” the sum of its constituent parts (Box 1). 

Both paradigms date back to the ancient Greeks 
but have intensively directed research during the last 
centuries. The reductionistic paradigm was dominant 
during the last century. It was tremendously success-
ful in guiding experimental science in generating an 
enormous mass of information on cellular and molec-

ular structures, characteristics, behavior, and interac-
tions. This wealth of information, however, also 
revealed the immense complexity that currently con-
fronts modern biology.

Multiparticularism: In human or animal organ-
isms, tens of thousands of relevant functionally 
diverse biological molecules have been analyzed; 
hundreds or thousands of them are involved in the 
same process—such as tumor growth, tumor immu-
nology, or gene function.

Multirelationism: These molecules interact with 
dozens or hundreds of other molecules, selectively and 
nonlinearly, meaning that the net effect in a biological 
process can differ substantially from its effect under 
isolated experimental conditions (“a small change in 
initial conditions can be vastly amplified to produce 
chaotic behavior”4).

Pleiotropism, pluripotence, or multifunctionality: 
Each cell or molecule, like cytokines, can have multi-
ple functions and effects.
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Abstract
Somatic mutation theory of cancer 
has directed cancer research during 
the last century. A deluge of informa-
tion on cellular, molecular, and genet-
ic behavior was uncovered, but so was 
a mind-numbing complexity that still 
challenges research and concepts, and 
expectations in the war on cancer 
have by and large not been fulfilled. A 
change of paradigm beyond reduc-
tionism has been called for, especially 
as research ubiquitously points at the 
importance of tissue, microenviron-
ment, extracellular matrix, embryon-
ic and morphogenetic fields, and 
fields of tissue maintenance and orga-
nization in the processes of carcino-
genesis, cancer control, and cancer 
progression, as well as in the control 
of cellular and genetic behavior. 
Holistic, organismic systems concepts 
open new perspectives for cancer 
research and treatment, as well as 
general biological understanding.

摘要
上个世纪，癌症体细胞突变理论
主导着癌症研究。大量有关细
胞、分子和基因行为的信息涌现
出来，但却极为复杂，令人费
解，这也给研究和理念带来挑
战，总的来说，并未符合对癌症
之战的预期。人们呼吁改变超越
简化论的模式，特别是处处指向
组织、微环境、细胞外基质、胚
胎和形态发生场所、维护组织领
域和组织癌变过程、癌症控制和
癌症演化以及细胞和基因行为控
制组织的重要性的相关研究。整
体的有机系统概念可为癌症研究
和治疗以及常规的生物学理解开
启全新视角。

Sinopsis
La teoría del cáncer por mutación 
somática ha dirigido la investig-
ación sobre el cáncer durante el 
último siglo. Se ha descubierto un 
aluvión de información sobre las 

conductas celular, molecular y 
genética, pero también su abruma-
dora complejidad, que continúa 
poniendo a prueba la investigación 
y los conceptos y, en general, no se 
han cumplido las expectativas en 
la guerra contra el cáncer. Se ha 
pedido un cambio de paradigma 
más allá del reduccionismo, espe-
cialmente porque la investigación 
señala la importancia indudable de 
los campos tisulares, microambi-
entales, de la matriz extracelular, 
embriónicos y morfogenéticos, y 
de los campos de mantenimiento y 
organización tisular en los pro-
cesos de carcinogenia, control can-
ceroso y progresión cancerosa, así 
como en el control de la conducta 
celular y genética. Los conceptos 
de los sistemas holísticos y orgáni-
cos abren nuevas perspectivas para 
la investigación y el tratamiento 
del cáncer, además de impulsar la 
comprensión biológica en general.
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Redundancy: Different molecules and cells have 
the same effect.

Context-dependency of the effects: The effect 
of a certain molecule or cell on another cell or process 
is dependent on the context and can be the opposite. 
“In networks, context is everything.”5 

These different dimensions of “mind-numbing”6 
complexity that crushed basic concepts of cellular and 
molecular interactions7 preclude the precise and clear-
cut understanding of how these molecules are inte-
grated in cell, tissue, organ function, or organism as 
well as a reliable explanation and a precise prediction 
of biological processes by its constituent parts: “When 
we get to a certain network complexity, we completely 
fail to understand how it works”6 or “Even if you con-
struct a complete list of all the processes known to 
occur within a cell, that won’t tell you how it works.”8 
Faced with this challenge—to calculate coherent 
behavior out of more than a universe full of informa-
tional data—biology needs an approach “beyond 
reductionism,”9 a “whole-istic biology”10 approach to 
understand these complex systems. Systems biology 
became one of the emerging fields in an attempt to 
understand complex networks with methods like 
computational biology, simulations, and mathemati-
cal modeling. Still, living organisms have essential 
characteristics that reach beyond the complex inter-
relationship of thousands of molecules in networks: 
multilevel systems; an ability to react, adapt, and 
restore functions; the regulation and harmonization of 
all functions on different levels. To understand living 
organisms, a paradigm shift—a conceptual break-
through—is needed.11,12 

Reductionistic cancer concept: are we 
ready to go beyond?

In cancer research and concepts, “reductionism has 
been the driving obsession.”13 Cancer is understood as a 
cellular disease caused by cancer cells. Normal cells 
transform into cancer cells through random mutations 
in certain genes. (“Cancer is caused by alterations in 

oncogenes, tumor-suppressor genes, and microRNA 
genes.”14) These mutations can be caused by chemicals, 
ionizing radiation, or viruses or during normal replica-
tion of chromosomes. This leads to increased and uncon-
trolled cell proliferation through gain-of-function muta-
tions in oncogenes (they stimulate proliferation, surviv-
al, metastases) and through loss-of-function mutations 
in tumor-suppressor genes (they regulate and inhibit 
cell proliferation, promote DNA repair, induce apopto-
sis). These mutations are passed on to the daughter cells. 
Several mutations are needed to initiate cancer (multi-
step development). Further mutations accumulate and 
lead to cancer progression: increased genetic instability 
generating genetic diversity; growth advantage through 
self-sufficiency in growth signals and insensitivity to 
anti-growth signals; aggressiveness; cell survival, eva-
sion of natural cell death (apoptosis); sustained angio-
genesis; tissue invasion; metastatic spread, etc. Cancer 
cells are distinct from normal cells; they are autono-
mous, uncontrolled by the microenvironment, tissue, 
organism, and the malignant process is irreversible, 
progressive, and cumulative, finally leading to the death 
of the host.14-17 The adequate therapy according to this 
paradigm is to completely and aggressively eradicate all 
cancer cells, accepting mutilation of the patient; accord-
ingly, wording and metaphors in oncology—research, 
treatment, patient communication, advertisement—are 
predominantly military. 

Methods of cancer research and the concepts of 
the cancer cell were inspired and guided by two tre-
mendously successful disciplines: parasitology, whose 
dramatic successes at the end of the 19th and begin-
ning of the 20th centuries inspired all areas of medical 
research,18 particularly with the successful discovery 
of antibiotics, and by the leading discipline of the 20th 
century, genetics. Seminal steps in the evolution of the 
reductionistic cancer paradigm are shown in Box 2.

In 1971, US President Richard Nixon declared the 
“war on cancer” (National Cancer Act of 1971) and 
announced the goal to cure cancer in the bicentennial 
year 1976.19 With a national commitment and a similar 
concentrated effort that split the atom and took man to 
the moon, this dreaded disease should be conquered.20 
Although, unquestionably, the treatment and survival 
rates have substantially improved in some types of cancer 
such as lymphomas, leukemia, childhood malignancies, 
and testicular cancer, the overall goal is far from reached 
despite almost unlimited research funding and the trans-
formation of cancer-drug development  into a multibil-
lion dollar industry. Up to 1990, death rates continuously 
increased, and since then, they slowly decreased, mainly 
due to cancer prevention through tobacco control and 
other endeavors.21 Most patients with solid tumors do not 
respond to any given drug.22 Altogether, death rates have 
changed little, and cancer has remained a major fatal dis-
ease in the industrialized world.

Reasons are manifold: inadequate tumor models 
used in the many cancer-drug screening programs; sig-
nificant acute and long-term toxicity of anticancer 

Systems-oriented Approaches in Cancer Research

Box 1 A Comparison of the Reductionistic and Holistic Paradigms3

Reductionistic Paradigm Holistic Paradigm

Particularism and 
Reductionism: Everything  
in nature can be reduced  
to and explained by its 
parts—cells, molecules, and 
atoms—and their interaction.

Holism: There is a supramolecu-
lar, holistic order in nature; holis-
tic, hierarchical higher natural 
laws can be found and applied.

Materialism, mechanicism: 
Every living organism and 
process can be explained in 
total by laws of physics  
and chemistry, equivalent  
to a machine.

Living nature is a quality of its 
own: There are special natural 
laws in living nature, above  
and in addition to physics and 
chemistry that can be found  
and applied.

Darwinism: The only cause 
of evolutionary change is 
chance and selection by sur-
vival advantage.

Evolutionary holism: There are 
specific laws of nature that guide 
evolution.
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drugs; low response rates in patients due to low drug 
sensitivity (currently, expectations go to select respond-
ers and individually target the treatment to molecular 
characteristics of cancer cells); and rapid evolution of 
aggressive drug-resistant cells due to high mutation 
rates and selective pressure, resulting in transitory 
treatment responses.22,23 But basically, the empirical 
observations revealed high complexity that thwarted 
the presumption of cancer as a “simple story.”24 The 
somatic mutation theory was challenged by the multi-
ple discoveries that genes were not the clear-cut “coded 
instructions”25 for life, the “command center,”26 or “hid-
den ruler of life”25 as presupposed, where the function 
and structure clearly and unambiguously follows out of 
the DNA sequence. Instead, it was revealed that genes 

themselves are de facto regulated on many levels: by 
histones; methylation; splicing (DNA sequences have to 
be cut out and put together to generate a “gene”) and 
alternative splicing (DNA sequences may produce dif-
ferent RNAs and hence different proteins);27-29 RNA-
editing;30 RNA-transport from nucleus to cytoplasm;31 
modification of translation;32,33 stabilization or degra-
dation of mRNA; posttranslational modifications;34 
acetylation; methylation, etc. So, a certain DNA 
sequence can participate in the synthesis of many dif-
ferent proteins and many different functions. It is a pas-
sive source of material upon which a cell has to draw to 
synthesize proteins and tissues with certain functions35 
depending on its regulation. Besides, the DNA itself also 
turned out to be less stable than anticipated, but rather 
fluid, flexible, and able to reorganize rapidly.36-38

In the face of the disappointing results—“The war 
against cancer is far from over”39—the need for a turn-
ing point in cancer research and cancer paradigm is 
called for40-44: “The time has come, to shift the cancer 
paradigm.”45 This is especially so, as mounting evi-
dence points to the importance of the microenviron-
ment, the tissue and organism in regulating genetic 
function and cellular behavior, in cancer development.

Microenvironment regulates phenotype and 
genotype of cancer cells

Why do we harbor so many potentially malignant 
tumors without getting cancer? In autopsies, cancer is 
found quite frequently, in many more instances than it 
appears during life. For instance, in the prostate glands 
from deceased young male patients, small foci of histo-
logical cancer were found in 27% and 34% of the men in 
their 30s and 40s, respectively.46 Autopsies of 110 young 
and middle-aged Danish women (20-54 years) found 
malignancy in the breast of 22 women (20%, mostly car-
cinoma in situ), with multicentric and bilateral lesions in 
nearly half of them. Of the women in their 40s, 39% had 
malignant lesions in their breasts. The life-long cumulat-
ed frequency of clinical, invasive breast cancer in the 
Danish population, however, is just 6.5%.47 In 101 con-
secutive autopsies of thyroids, occult papillary carcinoma 
was found in 36%. Ten glands even contained two to five 
tumor foci. Only a minimal proportion will ever become 
a clinical carcinoma. These lesions were even regarded as 
a normal finding not to be treated when incidentally 
found.48 There are many other examples.42 

Cancer cells are less autonomous than assumed: 
There is deluge of data showing that cell proliferation, 
survival, apoptosis, differentiation, polarity of cells, 
gene function, invasiveness, ability to metastasize, 
angiogenesis, and drug resistance are enhanced, inhib-
ited, or otherwise modified by the microenvironment, 
the surrounding cells or molecules (Figure 1), including 
cytokines, lymphocytes, granulocytes, macrophages, 
fibroblasts, and many others. Interestingly, identical 
cytokines and identical cells quite commonly have dif-
ferent and often opposite effects on tumor cells’ behav-
ior, depending again on the context.3,7,49,50 

Box 2 Seminal Steps in the Evolution of the Reductionistic Cancer 
Concept3

•	 Johannes Müller (1838): Cancer tissue is built up by cancer 
cells. Placed the cancer cell in the center of the oncologi-
cal interest.

•	 Rudolf Virchow (1855-1863): Extended his aphorism—Omnis 
cellula a cellula—to cancer.

•	 Theodor Boveri (1914): Somatic mutation theory of cancer: 
Malignant neoplasms develop from a single cell that acquired 
a certain abnormality in its chromosome. 

•	 Dulbecco and Sachs (1960-1961): Neoplastic transformation of 
mouse and hamster cells by DNA viruses; viral DNA is perma-
nently integrated into the cellular DNA. 

•	 Howard Temin (1960-1964): Provirus hypothesis: The RNA 
of a tumor virus acts as template for synthesis of DNA and 
is integrated into the cell genome as a provirus. It can 
serve as a template for progeny RNA viruses and can lead 
to malignant transformation in progeny cells.

•	 Berwald and Sachs (1965): Neoplastic transformation of mam-
malian embryo cells in cell culture by carcinogenic chemicals.

•	 Huebner and Todaro (1969): Viral oncogene hypothesis: Cells 
of vertebrates have viral genes that they transmit vertically to 
progeny cells. These can be activated by carcinogenes, irradia-
tion, or aging and lead to cancer.

•	 Martin, Vogt, and Duesberg (1970-1973): Investigated first 
viral oncogene src with src-deletion mutants.

•	 Bruce Ames (1973-1975): Identified mutagens in salmonella 
assay; correlation between mutagenic and carcinogenic prop-
erties in chemicals: Carcinogens cause cancer through their 
ability to mutate genes. (Weinberg: this will “become the 
credo of our religion.”)

•	 Michael Bishop and Harold Varmus (1976): Viral oncogene 
src is not a true viral gene but a normal cellular gene. It 
controls cell division and growth. Normal cells carry poten-
tial cancer genes—proto-oncogenes—that can be activated 
to oncogenes.

•	 Robert Weinberg, Geoffrey Cooper, and others (1981): 
Activated oncogenes from cancer cells transferred into NIH 
3T3 mouse fibroblasts induce their malignant transformation.

•	 Weinberg, Barbacid, and Wigler (1982): Human ras oncogene 
is activated by point mutation. 

•	 Sporn, Roberts, and Todaro (1980-1985): Cancer cells produce 
and respond to their own growth factors (autocrine secre-
tion).

•	 Cavenee, White (1983): Discovered tumor suppressor gene in 
retinoblastoma.
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A strong influence on tumor cell behavior is particu-
larly exerted by the extracellular matrix.42,51-53 
Extracellular matrix also regulates normal development 
and function of an organism: embryogenesis, growth and 
differentiation of cells, gene function, apoptosis, tissue 
specificity, tissue structure, and normal homeostasis of 
the adult organism.54-58 The classic feature of cancer tis-
sue is the disturbed communication between cells and 
extracellular matrix.56,59,60 Breaking cell-cell bonds and 
intercellular communication is known to induce neoplas-
tic behavior.61 Experimentally, the interaction between 
tumor cells and extracellular matrix could be improved 
by correcting the extracellular matrix receptor integrin 
(treating with inhibitory ß1-integrin antibodies in a 
3-dimensional basement membrane culture). This led to a 
striking morphological and functional reversion of the 
breast cancer cells to a normal phenotype. Also, their 
malignancy in vivo was substantially reduced despite 
persisting prominent mutations, amplifications, and dele-
tions on the genetic level.62 

 Cells can have a multitude of chromosomal muta-
tions, but as long as the cells are in an appropriate cellular 
microenvironment that allows a cell to adopt a normal 
structure, the cell will display a normal phenotype.56 
Normal breast tissue adjacent to breast cancer tissue, for 
instance, displayed a normal morphological appearance 
in situ, although the cells contained chromosomal aberra-
tions (loss of heterozygosity) identical to mutations that 
characterize invasive breast cancer.51,63 Cancer researcher 
Bissell concluded,

The structure of the tissue is dominant over the 
genome, and that we may need a new paradigm 
for how epithelia-specific genes are regulated in 
vivo. We also argue that unless the structure of 
the tissue is critically altered, malignancy will 
not progress, even in the presence of multiple 
chromosomal mutations.56

The normal microenvironment and architecture 
of the tissue can constrain tumor development but, 
conversely, can also promote and induce cancer.42,53 

TUMOR TISSUE AS A POPULATION 
Not only do the microenvironment, surrounding 

cells, molecules, and extracellular matrix influence the 
behavior of the tumor, tumor cells themselves also 
influence each other. Tumor tissue consists of a hetero-
geneous and dynamic cell population. The multiple 
subclones in a tumor tissue differ in important behav-
ioral properties, such as growth rate, ability to metasta-
size, and sensitivity to treatment. When different tumor 
subpopulations with different characteristics are mixed 
together to mimic tumor heterogeneity, they influence 
each other’s growth, metastatic behavior, and response 
to chemotherapeutics or hormones in a way that can-
not be predicted from the behavior of the individual 
subclones. Growth can be induced, enhanced, reduced, 
or inhibited; insensitive clones can become sensitive 
and vice versa: Cell clones interact “any way they 
can.”64-68 The growth of multiple tumors in the same 
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Figure 1 The behavior of cancer cells is influenced by various other cells and molecules.
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experimental host often results in a mutual decrease in 
growth rate. After removal of a tumor, the growth of the 
remaining tumors or metastases is accelerated. When a 
second tumor was implanted, the growth of the others 
decreased.65,69,70 Individual cell types do not function in 
isolation in a complex system. Cancer should therefore 
be dealt with and investigated as an integrated organ, a 
cancer cell society, with its own characteristics, rather 
than a collection of independently growing cells.68,71

Malignant transformation and reversion 
of malignancy by the environment 

Not only the phenotype but also the malignancy 
itself, the malignant transformation and its reversal, can 
be induced by the environment. For instance, cancer 
cells can induce a malignant transformation in neigh-
boring normal cells. This was shown in athymic nude 
mice transplanted with human tumor cells—a classic 
experimental model in cancer research. When cells had 
grown to tumors, these were harvested and investigated: 
They consisted of either only human cancer cells (as 
expected), a mixture of both human cancer cells and 
mouse (host) transformed cells with abnormal karyo-
types or chromosomal constitutions, or only trans-
formed mouse cells with specific chromosomal abnor-
malities and malignant phenotypes.72-76 

The initial dogma “once a cancer cell, always a can-
cer cell” was disproven by Barry Pierce and his col-
leagues, who demonstrated the differentiation of malig-
nant neoplastic cells to benign cell types.77-79 Back in the 
1950s, his observations first of all led to a rejection by 
Cancer’s editor, because “everybody knows that cancer 
cells cannot differentiate.”80 Today, this phenomenon—
cancer cells can differentiate to normal cells with nor-
mal behavior when exposed to certain environments or 
certain substances—is well known.81 

Illmensee and Mintz were the first to demonstrate 
that teratocarcinoma cells, when transplanted into 
normal early embryos (embryoblasts) can reverse to 
normal cells (Figure 2). These embryos develop into 
normal healthy mice, which are in fact chimeras, a 
mosaic of tissues from normal embryonic cells derived 
from their “natural” parents and of cells derived from 
the teratocarcinoma that reversed to normality. The 
ex-carcinoma cells were found in all tissues—skin, eye, 
blood, bowel, heart, kidney, muscle, reproductive 
glands, and others. Subsequent breeding of a male 
showed that it produced viable sperm derived from the 
original teratocarcinoma cells. The resultant offspring 
did not develop tumors.82-85 Similar experiments were 
conducted in other laboratories with other carcinoma 
cells such as myeloic leukemic cells,86,87 neuroblasto-
ma cells,88,89 and melanoma cells90,91 and showed that 
the normal embryonic milieu can reprogram meta-
static tumor cells toward benign ones with normal 
behavior that display cell morphologies resembling 
the host cells. 

The importance of cytoplasmatic, epigenetic regu-
lation for gene (and oncogene) function and for the 

malignant or benign phenotype of the cell was shown 
by transplantation of nuclei from frog renal adenocarci-
noma into activated but enucleated normal frog ova: no 
growth of cancer cells was observed, but a blastulae 
development up to early stage tadpoles with normal 
appearance occurred.92-94 Transplantation of tissue of 
these tadpoles into normal hosts generated tissue indis-
tinguishable from normal tissue.95 Similar results also 
were observed after transplantation of the nucleus of 
other cancer types, such as medulloblastomas, melano-
mas, and some breast cancer and lymphoma cell lines, 
into enucleated oocytes.96,97 

Adult tissue can also lead to reconversion of malig-
nant to benign growth. For instance, the transplantation 
of basal cell carcinomas into the uterus of rats first led to 
tumor formation, which then regressed. After 4 to 6 
weeks, the tumors had disappeared, and progressively 
larger stretches of the uterine lumen were covered with 
stratified epithelium, which resembled epidermis.98 
Highly aggressive cancer cells derived from liver epithe-
lial cells produced aggressively growing tumors when 
transplanted subcutaneously; however, when trans-
planted into the liver, they lost aggressiveness and neo-
plastic behavior, either partly or completely with a fully 
differentiated morphology and integration into hepatic 
plates. This regulatory capacity of the liver microenvi-
ronment declined with advanced age. Although trans-
planted tumor cells partly responded to epigenetic dif-
ferentiation signals of the hepatic tissue of older rats or 
when younger rats grew older, their progeny proliferat-
ed again, formed foci, and when removed from the liver, 
reverted to an aggressively tumorigenic phenotype.99,100

Cancer development as a physiological response 
to environmental perturbations or altered tissue envi-
ronment was also confirmed by Farber et al, who treat-
ed rats with carcinogens, leading to a multitude of 
small nodules in the liver. These were resistant to a 
variety of agents, including carcinogens, and showed a 
whole array of differences from the normal liver tissue. 
They were regarded as a physiological pattern of adap-
tion to survive in a hostile environment. Only 2% to 
5% of the nodules persisted and became the origin of 
slow evolution to cancer; the majority (95%-98%) of 
the nodules disappeared again by differentiation, 
remodeling, reorganization, and rearrangement of 
their component hepatocytes and blood vessels to form 
normal liver tissue.101,102 

Cancer and embryology and tissue renewal
Cancer cells and tissue closely resemble embryon-

ic and regenerating cells and tissue in their prolifera-
tion, migration, invasiveness, neoangiogenesis, undif-
ferentiation, synthesis of fetal proteins, potential 
immortality, induction of immunological tolerance in 
the host, etc. However, there is one key difference: In 
embryonic and regenerating tissues, these processes are 
highly organized, whereas in cancer they are displaced 
and unregulated. Cancer, therefore, is seen as “a prob-
lem of developmental biology”103,104 and as a caricature 
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of the normal process of tissue renewal, where carci-
noma cells grossly exaggerate normal characteris-
tics,104 or as “wounds that do not heal.”105 

Interestingly, the ability to develop cancer is 
inversely correlated to the propensity for regeneration: 
Cancer has been found only in animals with a low or 
absent regenerative capacity of complete limbs or 
head, while animals with a strong ability to rebuild lost 
limbs hardly ever develop cancer.106-110 This is espe-
cially noticeable in hydra, which can replace all limbs 
without any difficulties. It can be split in many small 
particles which assemble again to a new organism. It is 
potentially immortal. Never has any cancer or other 
tumor formation been found in hydras. 

Turbellaria, a flatworm, has a strong regenerative 
ability, which differs within the body parts. When the 
turbellaria was treated with carcinogens, tumors could 
only be induced in nonregenerative parts of the worm 
but not in parts with a high regenerative capacity. Still, 
these tumors did not lead to the death of the worm and 
healed spontaneously with interesting features. After 
some growth, an open wound appeared at the tumor 
site, followed by change of the histological appearance: 
the tissue became increasingly structured, cells moved 
to the wound, tumor cells successively differentiated 
and showed the morphology of the normal local tissue 
until the tumor had completely disappeared. This pro-
cess resembled normal regeneration. Sometimes super-
numerary organs like little tails developed.110 Similar 
observations were made in other powerful regeneration 
models, such as the lenses and iris or limbs from newts, 

showing that the autonomous growth of malignant cells 
can be brought under control or reintegrated into the 
biological system by the regenerative process.111-113 
Correspondingly, an impaired, incomplete, or uncoordi-
nated regenerative process after chronic injury or 
inflammation can give rise to a malignant tumor.112 
This resembles acute feverish infectious diseases in 
humans that are associated with a reduced cancer inci-
dence and even with cancer remission, while chronic 
inflammation—which seems to be the result of an indi-
vidual’s inability to eliminate infection and restore 
immune homeostasis—increases cancer risk.114

Physical isolation and cancer
Physical isolation from the biological system alone 

can induce malignant tumor growth, as was discovered 
accidentally when rats’ kidneys were wrapped in cello-
phane film to produce experimental hypertension, but 
instead unexpectedly induced sarcomas that hardly ever 
develop spontaneously in these rats. Further investigations 
revealed that sarcomas could be induced just by embedding 
plastic films subcutaneously. The sarcomas were induced 
regardless of the chemical structure of the plastic film. The 
physical form, the physical separation, was critical. When 
the plastic had other physical forms, such as perforated 
film, fibers, textiles, powders, or granules, the sarcoma-
inducing ability disappeared and few or no sarcomas were 
induced any more.115-118 Thus, cancer can be induced by 
disturbed tissue topography—by disturbing the normal 
homeostatic relations and interaction between cells, tis-
sues, and organs, their morphogenetic field.119
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Figure 2 Experiments by Mintz and Illmensee: Metastatic melanoma was produced by placing a 6-day male 129 embryo under a testis 
capsule. Ascites tumor of embryoid bodies was generated and was maintained in 200 transplant generations. The malignant core cells 
were injected into blastocysts from parents of C57BL/6 mice, which were then transferred to the uterus of pseudopregnant mothers. Nor-
mal mice, which were chimeras, were born with coal-colored mosaicism or internal tissue contribution of the 129 tumor cells. A mosaic 
male produced viable sperm of the 129 genotype. Despite originating from malignant cells, the progeny did not produce tumors. Figure 
source: Mintz B, Illmensee K, 1975.81 Reprinted with permission from the author.
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Towards an systems-oriented (organismic) 
concept in cancer research

Michael Sporn, one of the leading figures in onco-
gene research (Box 2) stated, “Carcinoma is a disease of 
the whole organism. Although molecular and cell biol-
ogy have immense power as analytical tools, the ulti-
mate understanding and control of the process of carci-
nogenesis will require a new synthesis at the levels of 
tissue, organ, and organism.”44 But what is an organism? 
The postgenomic era overcomes its crisis by making 
networks to the centerpiece of the new paradigm, of the 
systems biology’s endeavor to understand biological 
processes, to find the coordinating principles. While the 
notion of “system” has been known in biology for a cen-
tury—with its eminent thinkers Paul Weiss, Ludwig 
von Bertalanffy, Walter M. Elsasser, and others—its 
meaning varied over time. Today, systems biology is 
based on the premise that a living organism consists of 
an interacting and dynamic network of genes, proteins, 
and other molecules that cause the function and behav-
ior of the whole macroscopic organism. It uses bioinfor-
matics and embraces a variety of experimental and 
computational approaches, including data mining to 
find hidden patterns (automated discovery) and simula-
tion-based analysis to test hypotheses. This is facilitated 
by the rapid progress in molecular biology generating 
large quantitative datasets on the one side and the sub-
stantial advances in software and computational power 
on the other side.120,121

Creating these network models of biological pro-
cess, however, still remains a “flat Earth systems biolo-
gy.”11 They do not address a whole host of considerations, 
including the fundamental characteristics of the living 
organism; the hierarchically structured different levels; 
emergence (“the behavior of the overall system typically 
manifests itself in totally new phenomena, called emer-
gent behavior”4); cross-level interaction; vertical causali-
ty; harmonization; the development of the supracellular 
form or Gestalt of organs or body parts; the positional 
information within the whole despite parts being dis-
placed; regeneration; robustness; and the reliable func-
tioning of tissues, organs, and organism over decades or 
even a century. “For a conceptual breakthrough a new 
paradigm is needed . . . beyond the current parameters of 
networks and of systems.”11

Holistic thinking in biology can be traced back to 
ancient Greece and had its zeniths during German ideal-
ism with one of its outstanding figures, Johann 
Wolfgang von Goethe.1,2,122 The concept of “system” 
was introduced into modern biology by Paul Weiss. He 
pointed out that the essence of a living system is its 
hierarchical order, with the macrodeterminism as its 
most decisive element: the macroscopic level has a high 
determinism, a high grade of order and predictability, 
and can maintain its order while the constituent parts 
are highly variable.123,124

The property of the system as a whole to build, oper-
ate, and maintain itself in a state of desirable order-

liness, predictable from its repetitive and systematic 
recurrence and endurance, in spite of the continued 
flux and infinitely greater range of variation, hence, 
unpredictability, of the behavior of its constituent 
units, which carry out the building, operation, and 
maintenance. . . . In a system, the structure of the 
whole coordinates the play of the parts.”123 

The living system, ie, organism, is hierarchically 
ordered and consists of several interacting subordinate 
sub-systems. Each sub-system regulates its own subordi-
nate smaller parts, restraining their degree of freedom 
(Figure 3). The system is lawful, and its laws can be found 
without knowing all of the details of the involved ele-
mentary processes.123 In this sense, Weiss also derived a 
field theory for developmental biology. The field is struc-
tured and ascribes certain qualities, direction, intensities, 
and functions to every point of the field. It organizes the 
material. The field concept is similar to the ones in phys-
ics.125 Weiss was also inspired by the Gestalt theory of 
Christian von Ehrenfels, Wertheimer, Köhler, Koffka, 
Lewin, and others, who made seminal discoveries that 
fundamentally influenced the theories of perception and 
Gestalt psychology.125-129 A Gestalt is by definition a 
wholeness. It is more than the sum of its parts, and it is 
perceived independent of its parts. Gestalt became a 
model notion for systems biology. In general, scientific 
objectivity and scientific reasoning, as well as clinical 
judgment, often rely on Gestalt cognition.130,131 

These strong concepts influenced many fields of 
modern science, of holistic and organismic concepts of 
biology and medicine. One of the most outstanding and 
well-elaborated organismic concepts of cancer was 
framed by the molecular and developmental biologists 
Sonnenschein and Soto. These distinguished cell 
researchers from Boston start with the question, “Why do 
cells proliferate?” The dominant premise is that quies-
cence, G0, is the default state of a cell in Metazoa and that 
cells divide only when they receive a positive signal, ie, 
are stimulated by growth factors. This notion has 
acquired an axiomatic quality although it is seldom dis-
cussed and has never been proven. Sonnenschein and 
Soto now propose the contrary: proliferation is the default 
state of cells, with the consequence that their control is 
mediated negatively by inhibitory signals. This is based 
on an evolutionary perspective and on their long experi-
ence working with cell cultures. Among microbiologists, 
it is generally accepted that proliferation is the default 
state of prokaryotes and unicellular eukaryotes; the abil-
ity to proliferate is constitutive to these organisms and 
largely depends on the availability of nutrition. As multi-
cellular organisms evolved from unicellular organisms, a 
more complex control and restraint of cell proliferation 
evolved as well. Rate of proliferation depends on cell 
type, tissue, organ development, and physiological stage. 
Since cell cycle markers have been highly conserved 
from yeast to humans, is it implausible that the default 
state of proliferation inherent to unicellular organisms 
would have switched so fundamentally to quiescence. 
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Instead, one can presume that proliferation is a constitu-
tive property of all cells—unicellular and multicellu-
lar—meaning that cells will exercise their constitutive, 
built-in capacity to proliferate when adequately nour-
ished and when extracellular or intracellular inhibitors 
are absent or inactive. This complies with experimental 
observations on cell proliferation.41,132 

When proliferation is the default state of a cell, the 
control of proliferation has to be negative. Growth factors 
then block this inhibition of cell proliferation. The major 
difference between unicellular and multicellular systems 
is the coordinated control of cell regulation. And therein 
lies the new perspective on organisms and cancer, 
evolved from the concept of the morphogenetic field, 
which is a basic paradigm of embryology and develop-
mental biology: 

We posit that in normal, adult, multicellular organ-
isms there are discrete units of tissue maintenance 
and/or organization; histologically, they comprise 
the parenchyma and the stroma of an organ. During 
embryogenesis, adjacent stroma and epithelia exert 
instructive influences on each other resulting in 
organ formation. This complex web of interactive 
signaling continues throughout the lifespan of the 
individual. We further postulate that these units of 
tissue maintenance and/or organization are tridi-
mensional and carry positional and historical infor-
mation. They maintain the normal architecture of all 
organs and guide tissue turnover, remodeling and 
healing through a dynamic process.41,132 

These units of tissue organization field regulate cellu-
lar behavior, proliferation, mobility, differentiation, sur-
vival, invasiveness, etc. They are the primary locus of 
cancer development and the primary target of carcino-
genic agents. Cancerogenesis begins with a disruption of 
normal interaction between cells and the subadjacent 
stroma of an organ. This leads to structural and func-
tional changes in the affected tissue. Individual cells 
within these lesions recognize misinformation, which 
may lead to increased proliferation and disorders in 
organization or appearance such as dysplasia or meta-
plasia. Further deterioration of the tissue organization 
and/or maintenance field leads to carcinoma in situ. If 
the disturbance ceases, the process can still be restored. If 
the disturbance persists, cancer develops with increas-
ing proliferation, invasiveness, metastatic ability, auton-
omy, survival, genetic instability, etc, due to diminished 
regulation by the disturbed morphogenetic field.41,132

This tissue organization field theory of cancer 
implies consequences for carcinogenesis research. 
Investigation of isolated cancer cells is of little rele-
vance. Important, however, are investigations in the 
complete tissue, where the core changes are represent-
ed, such as in hyperplasia, dysplasia, metaplasia, and 
carcinoma in situ. Placing cells in a culture dish already 
disrupts the tissue field, potentially producing malig-
nant cellular behavior because 

The exploration of the tissue organization field 
theory of carcinogenesis requires the use of tissue 
recombination and transplantation experiments, 
comparable to the ones that informed embryolo-
gists about the inductive and permissive influenc-
es in organogenesis.41,132 

The experimental observations described above are 
compatible with the tissue organization field theory of 
neoplasia. This theory is also consistent with the conclu-
sion of many researchers who have characterized cancer as

•• a disease of organization133; 
•• a breakdown of the hierarchical organization65; 
•• an ongoing systemic failure in growth control134; 

homoeostase,44 or communication between epithe-
lium and stroma44; 

•• a chronic, maladaptive tissue and organismic 
response to injury44; 

•• a caricature of tissue renewal103,135; 
•• a dynamic developmental disorder119; 
•• a disturbance of the morphogenetic field, specifically 

the field for tissue organization and/or maintenance132; 
•• a change in the growth-restraining forces134; 
•• a failure of host’s organs and tissues to exercise 

growth control134; 
•• a multicellular life that has partially escaped from 

the hierarchical controls of tissue, organ, and organ-
ismal life136; 

•• an embryonic growth potential released from 
restraint134; and

•• a disease of the whole organism.44

Further research within this organismic, holistic par-
adigm that understands cancer as deranged organs acting 
in the context of an organism has to concentrate on the 
tissue, organ, and organism.3 Key requirements are new 

Gene
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Nucleus

Cytoplasm

Tissue

Organism
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Figure 3 Concept of living organism by Paul Weiss: Interactive rela-
tions between hierarchically ordered subsystems. Adapted from 
Weiss PA, 1967.123
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and elaborate paradigms and conceptual breakthroughs as 
well as the investigation of microenvironmental regula-
tion, normal development, tissue architecture, homeosta-
sis, hygiogenesis, repair, and regeneration. Rather than 
“Why do smokers get cancer?,” the question that is rele-
vant is, “Why don’t smokers get cancer?” Meaning: How do 
some organisms manage to restore health despite strong 
carcinogenic influences? Additionally, the restorative 
function of high feverous infections and the historic suc-
cess of fever therapy with bacterial vaccines will be of 
renewed interest.114 Salutogenetic metaphors may replace 
the current military ones.
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