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ABSTRACT 

Improved methods for treatment of cancer Which involve the 
targeting of sloW- growing, relatively mutationally-spared 
cancer stem line are provided. These methods are an improve 
ment over previous cancer therapeutic methods because they 
provide for very early cancer treatment and reduce the like 
lihood of clinical relapse after treatment. 
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NOVEL METHODS OF CANCER DIAGNOSIS 
AND THERAPY TARGETED AGAINST A 

CANCER STEM LINE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
Ser. No. 08/933,330, ?led Sep. 18, 1997, incorporated by 
reference in its entirety herein. 

FIELD OF THE INVENTION 

[0002] The present invention relates to novel methods for 
the diagnosis and treatment of cancer, and is based on the 
novel OSES (“one-step epigenetic sWitch”) model of carcino 
genesis. 

BACKGROUND OF THE INVENTION 

[0003] Classical cancer models to date Which have 
attempted to explain the character of cancer cells have typi 
cally described them as fast-groWing and highly mutant cells. 
These cancer cells are hypothesiZed to have been produced 
during carcinogenesis because of a multi-step neo-DarWinian 
evolutionary process involving mutation-selection events at 
the cellular level (Fearon et al, “A Genetic Model for Col 
orectal Tumorigenesis”, Cell, 611759-767 (1990); NoWell, 
“The Clonal Evolution of Tumor Cell Populations”, Science 
(Washington, DC), 194123-28 (1976)). 
[0004] Related to this, conventional cancer diagnoses and 
therapies to date have attempted to selectively detect and 
eradicate neoplastic cells that are largely fast-groWing and 
mutant. For example, conventional cancer chemotherapies 
(e.g., alkylating agents such as cyclophosphamide, anti-me 
tabolites such as 5-Fluorouracil, plant alkaloids such as vin 
cristne) in a similar manner to conventional irradiation thera 
pies both exert their toxic effects on cancer cells by interfering 
With numerous cellular mechanisms involved in cell groWth 
and DNA replication. Other less commonly used experimen 
tal cancer therapies have included use of immunotherapies 
Wherein the administration of therapeutic agents Which selec 
tively bind mutant tumor antigens on fast-groWing cancer 
cells (e. g., monoclonal antibodies) have been attached to 
therapeutic moieties such as toxins, radionuclides or chemo 
therapeutic agents for the purpose of eradicating fast-groWing 
mutant cancer cells. Similarly, neWer experimental gene-di 
rected therapies have attempted to exploit certain cancer 
related mutations by correcting or replacing such defects by, 
e.g., inserting Wildtype versions of such mutant genes (e.g., 
p53) into cancer cells, inhibiting overactive oncogenes (e.g., 
ras) in tumor cells, or by using existing mutations in cancer 
cells as targets for other therapeutic (e. g., viral) vectors (Feng 
et al, “Neoplastic reversion accomplished by high e?iciency 
adenoviral-mediated delivery of an anti-ras riboZyme”, Can 
cer Res., 5512024-2028 (1995); Bischoff et al, “An adenovi 
rus that replicates in p53-de?cient human tumor cells”, Sci 
ence, 2741373-376 (1997)). While all of these methods (i.e., 
conventional chemotherapies, irradiation, immunotherapies, 
and gene therapies) may, by their design, eradicate a signi? 
cant proportion of a given tumor mass by destroying the large 
populations of highly proliferative and mutant neoplastic 
cells thus resulting in a clinical remission, in time the tumor 
may recur at the same or different site(s), thereby indicating 
that not all cancer cells have been eradicated by these meth 
ods. A number of reasons for tumor relapse have been offered 
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Within the conventional paradigm. These include insuf?cient 
chemotherapeutic dosage (limited by onset of signi?cant side 
effects), and/or emergence of cancer clones Which are resis 
tant to therapy. 
[0005] The novel model for carcinogenesis presented here 
(termed the OSES model) offers an alternative explanation 
for relapse Wherein (as Will be discussed in more detail) a 
clandestinae sloW-groWing relatively mutationally-spared 
cancer stem line acts as the immortal founder line of a tumor 

and produces as its progeny the highly proliferative mutant 
cancer cell populations targeted by conventional therapies 
mentioned above. Accordingly, it Will be shoWn that this 
cancer stem line (hypothesiZed to exist by the OSES model) is 
not targeted by conventionally-based therapies (designed to 
target fast-groWing largely mutant cells rather than sloW 
groWing non-mutant cells). In this manner, the untargeted 
cancer stem line can gradually regroW the tumor mass fol 
loWing standard therapy thereby leading to treatment failure 
and clinical relapse. 
[0006] Recently much evidence has been accumulated 
Which raises signi?cant concerns as to the validity of classical 
cancer models based on the neo-DarWinian paradigmiand 
thus also to the e?icacies of cancer therapies Wholly based on 
this model. So that the invention may be understood, previous 
conventional cancer models and their inadequacies are dis 
cussed beloW. 
[0007] There is extensive evidence that cancer results from 
the evolution of an increasingly “cancer-like” tissue type 
leading ultimately to one With malignant capability (Furth, 
“Conditioned and autonomous neoplasms: a revieW”, Cancer 
Res., 131477-492 (1953); Foulds, “The natural history ofcan 
cer”, .1. Chronic Dis., 812-37 (1958)). That mutagenesis is 
causally involved in the initiation of this process is a concept 
Which has stemmed largely from demonstrations that geno 
toxic carcinogens can cause cellular transformation and that 
this “initiated” phenotype is rare, permanent, focal and heri 
table. (Berenblum, “Sequential aspects of chemical carcino 
genesis1 skin, in: F. F. Becker (ed.), Cancer: a Comprehensive 
Review, pp. 451-484, NeW York, Plenum Publishing Corp. 
(1982); Cohen et al, “Genetic Errors, Cell Proliferation, and 
Carcinogenesis”, Cancer Res., 5116493-6505 (1991)). More 
over, that a mutant gene can bestoW a transmissible cancer 

phenotype is evidenced by transfection and transgenic experi 
ments as Well as recent genetic linkage analyses of human 
familial cancers (Weinberg, “Oncogenes, Anti-oncogenes, 
and the Molecular Basis of Multistep Carcinogenesis”, Can 
cer Res., 491 3713-3721 (1989); Tsukamoto et al, “Expres 
sion of the int-1 gene in transgenic mice is associated With 
mammary gland hyperplasia and adenocarcinomas in male 
and female mice”, Cell, 551 619-625 (1988); Knudson, 
“Hereditary cancer, oncogenes, and antioncogenes”, Cancer 
Res., 451 1437-1343 (1985)). It is also clear that While the 
onset of carcinogenesis requires an initial (acquired or inher 
ited) mutagenic insult, subsequent alterations are also neces 
sary for attainment of malignancy (N oWell; “The Clonal Evo 
lution of Tumor Cell Populations.”, Science (Washington 
DC), 1941 23-28 (1976)). 
[0008] This concept is supported by ?ndings that certain 
cultured cells transfected With a single oncogene require 
additional alterations to become fully transformed (Wein 
berg, “Oncogenes, Anti-oncogenes, and the Molecular Basis 
of Multistep Carcinogenesis”, Cancer Res., 4913713-3721 
(1989)). Moreover, epidemiological data implicating a series 
of rate limiting steps in the pathogenesis of human cancers 
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has lent support to the concept that a gradual cellular progres 
sion toward increasing malignancy is driven by neo-DarWin 
ian mutation-selection (Miller, “On the Nature of Suscepti 
bility to Cancer”, Cancer, 46: 1307-1318 (1980). 
[0009] Also, the Well-documented association betWeen 
increasing mutational load and tumor grade has led to the 
seemingly most parsimonious mechanistic explanation of 
these data Whereby mutations cause both the initiation as Well 
as progression of neoplasia via a continuum of mutationi 
selection events at the cellular level (Nowell, “The Clonal 
Evolution of Tumor Cell Populations.”, Science (Washington 
DC), 194: 23-28 (1976); Fearon et al, “A Genetic Model for 
Colorectal Tumorigenesis”, Cell, 61: 759-767 (1990)). Addi 
tional support for this neo-DarWinian model derives from 
recent high-resolution molecular analyses of human tumor 
biopsy specimens that reveal a tight correlation betWeen the 
appearance of certain de?ned genetic alterations and the tran 
sition to increasingly “cancerous-appearing” tumor regions 
(Fearon et al, “A Genetic Model for Chlorectal Tumorigen 
esis”, Cell, 61: 759-767 (1990); Sidransky et al, “Clonal 
expansion of p53 mutant cells is associated With brain tumor 
progression”, Nature (Lond.), 355: 846-847 (1992); Sato et 
al, “Allelotype of Breast Cancer: Cumulative Allele Losses 
Promote Tumor Progression in Primary Breast Cancer”, Can 
cer Res., 50: 7184-7189 (1990)). 

[0010] HoWever, it should be noted that there is a body of 
cancer literature not readily accounted for by standard neo 
DarWinian mutation-selection models. Namely, there are a 
host of independent data describing unexpectedly elevated 
transformation rates observed in certain carcinogen-treated 
cells not fully accounted for by somatic mutation alone as 
Well as the capability of some highly malignant tumor types to 
differentiate or even revert to normal under certain condi 
tionsi?ndings also not readily explained by conventional 
mutation-selection models (Kennedy et al, “Timing of the 
steps in transformation of C3H 10T1/2 cells by X-irradia 
tion”, Nature (Lond), 307: 85-86 (1984); Rubin, “Cancer as a 
Dynamic Developmental Disorder”, Cancer Res., 45: 2935 
2942 (1985); Farber et al, “Cellular Adaptation in the Origin 
and Development of Cancer”, Cancer Res., 51: 2751-2761 
(1991)). Accordingly, alternative models to mutation-selec 
tion (e. g., invoking a role for potentially reversible non-mu 
tational/epigenetic alterations as effectors of cellular evolu 
tion toWard increasing malignancy) have been advanced by 
several investigators in order to explain these and other 
related phenomena. 
[0011] For example, as alluded to, While only a minority of 
mouse prostate cells exposed to methylcholanthrene initially 
become transformed, the entire population of treated cells 
rear progeny With an increased propensity for transformation 
at subsequent cell divisions despite removal of the carcino 
genic agent. Similarly, treatment of various rodent cells With 
other types of carcinogens, namely X-irradiation or retroviral 
infection, also results in transformation of progeny of initially 
untransformed cells at an overall rate-dif?cult to reconcile by 
somatic mutagenesis alone (Farber et al, “CellularAdaptation 
in the Origin and Development of Cancer”, Cancer Res., 51: 
2751 -2761 (1991)). In addition, Rubin has demonstrated that 
although only a small fraction of groWth-constrained 
NIH3T3 cells form transformed foci, the entire population of 
these murine ?broblasts gives rise to clones With elevated 
transformation rates (Rubin, “Cellular epigenetics: Control 
of the siZe, shape, and spatial distribution of transformed foci 
by interactions betWeen the transformed and nontransformed 
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cells”, Prac. Natl. Acad. Sci. USA, 91: 6619-6623 (1994)). In 
a related manner, While only a minority of in vivo DMBA 
treated murine skin cells become transformed, heritable phe 
notypic alterations are present in the entire basal skin cell 
layer exposed to this chemical carcinogen thereby corrobo 
rating those mentioned in vitro experiments cited in support 
of a Widespread heritable phenotypic effect by certain car 
cinogens beyond that Which can be attributed Wholly to their 
mutagenic effects (Farber et al, “Cellular Adaptation in the 
Origin and Development of Cancer”, Cancer Res., 51: 2751 
2761 (1991)). 
[0012] It has also been noted, as mentioned, that a variety of 
cancer cell types can differentiate to varying degrees. For 
example, human neuroblastoma cells sprout axons and den 
drites When groWn as explants and murine leukemic cells 
differentiate into benign granulocytes and macrophages 
When groWn in vitro. Moreover, tritiated thymidine labeling 
of rodent squamous cell carcinomas and skeletal muscle 
tumors illustrates that poorly differentiated cells Within these 
tumors can give rise to Well-differentiated squamous epithelia 
and multinucleated myotubes, respectively. In addition, 
somatic tissues of transplantable mouse teratocarcinomas 
have been shoWn to be benign differentiated progeny of a 
subpopulation of poorly differentiated embryonal carcinoma 
cells Within these particular tumors. Most recently, all-trans 
retinoic acid (ATRA) has been found to be ef?cacious in the 
treatment of human acute promyelocytic leukemia (APL) by 
inducing terminal differentiation of malignant leukocytes 
(Pierce et al (eds.), “Cancer: a problem of developmental 
biology”, NeW Jersey: Prentice Hall Inc. (1978); Degos et al, 
“All Trans-Retinoic Acid as a Differentiating Agent in the 
Treatment of Acute Promyelocytic Leukemia”, Blood, 85: 
2643-2653 (1995)). 
[0013] Accordingly, it had been suggested by some inves 
tigators that conventional cancer models may not adequately 
explain elevated transformation rates of certain cells types 
(not adequately explained by somatic mutation alone), or the 
differentiation capability of certain tumor cells presumably 
having arisen via a cascade of random genetic derangements. 
Based on these and other related observations, Rubin, Farber, 
and Pierce among others have theoriZed that the ability of 
certain cancer cells to differentiate might suggest that a can 
cer cell originates from potent developing/reneWing cells 
Which undergo defective morphogenesis rather than from 
mutant cells Which undergo dedifferentiation. Moreover, it 
has been argued by several investigators that mechanistically 
such defective morphogenesis is likely to arise from a series 
of non-mutational (i.e., epigenetic) alterations (rather than 
mutations) Which by de?nition leave the genome fairly intact 
and differentiation-related genes functional. Cited in addi 
tional support of this cancer theory is the observation that 
certain malignant cells cannot only produce differentiated 
progeny but can also do so in a relatively orderly manner 
Which mimics normal tissue development under speci?ed 
conditions. For example, neuroblastoma groWth and differ 
entiation is regulated When placed into neurula-stage 
embryos, and the behavior of melanoma cells is controlled 
When transplanted into fetal skin (Podesta et al, “The neurula 
stage mouse embryo in control of neuroblastoma”, Proc. 
Natl. Acad. Sci. USA, 81: 7608-7611 (1984); Gerschenson et 
al, “Regulation of melanoma by the embryonic skin”, Proc. 
Natl. Acad. Sci. USA, 83: 7307-7310 (1980)). In addition, 
leukemic cells differentiate into normal hematopoietic tissue 
When injected into mouse embryos during leukocyte progeni 
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tor development and placement of malignant embryonal car 
cinoma cells into the embryonic milieu of a developing blas 
tocyst results in complete reversion and differentiation of 
these cells into multiple tissue types leading to the formation 
of viable murine chimeras (Pierce et al (eds.), “Cancer: a 
problem of developmental biology”, NeW Jersey: Prentice 
Hall Inc. (1978); GootWine et al, “Participation of myeloid 
leukaemic cells injected into embryos in hematopoietic dif 
ferentiation in adult mice”, Nature (London), 299: 63-65 
(1982)). In a related manner, restoration of native environ 
mental conditions at a particular adult tissue locale (i.e., With 
out transplantation) causes certain tumors to “behave” as a 
normal tissueie.g., resolution of normal physiologic hor 
monal balance causes some murine endocrine tumors to 
regress and certain rodent sarcomas induced by implantation 
of an inert material into connective tissues revert When proper 
tissue architecture is restored (Rubin, “Cancer as a Dynamic 
Developmental Disorder”, Cancer Res., 45: 2935-2942 
(1985)). 
[0014] That altered epigenesis can lead to neoplasia is an 
idea Which is also supported a signi?cant literature docu 
menting the unexpected reversibility of certain carcinogen 
transformed cells in culture (Kennedy et al, “Timing of the 
steps in transformation of C3H 10T1/2 cells by X-irradia 
tion”, Nature (Lond.), 307: 85-86 (1984); Rubin, “Cancer as 
a Dynamic Developmental Disorder”, CancerRes., 45: 2935 
2942 is (1985)). This idea is also supported by demonstra 
tions that apparently non-mutational events such as transplan 
tation of normal rodent tissues (e.g., testis, pituitary, 
embryonic ectoderm) to ectopic sites can lead to their neo 
plastic transformation, While replacement of some of these 
cancer cell types back into their endogenous micro-environ 
ments results in their reversion to normalcy (Rubin, “Cancer 
as a Dynamic Developmental Disorder”, Cancer Res., 
45:2935-2942 (1985); Farber and Rubin, “Cellular Adapta 
tion in the Origin and Development of Cancer”, Cancer Res., 
51:2751-2761 (1991)). Also, evidence that some pre-malig 
nant lesions may be reversible during their early stages has 
led to the proposal by Farber that a “pre-malignant” pheno 
type may be no more than a programmed adaptive (epige 
netic) cellular response rather than an aberrant product of 
random permanent mutational events (Farber, “The Multistep 
Nature of Cancer Development”, Cancer Res., 44:4217-4223 
(1984); Farber and Rubin, “Cellular Adaptation in the Origin 
and Development of Cancer”, Cancer Res., 51:2751-2761 
(1991)). 
[0015] Accordingly, Rubin, a major proponent of the epi 
genetic model for cancer, had theorized that the evolution 
toWard malignancy might be due to the progressive selection 
(i.e., evolution) of increasingly “cancer-like” cells undergo 
ing advantageous epigenetic ?uctuations. Moreover, Rubin, 
as Well as Prehn, have offered that the presence of mutational 
alterations in tumors may not alWays have a causal role in 
tumor progression, but rather may be the result of genomic 
instability associated With the malignant phenotype thereby 
representing a cancer-related “epiphenomenon”. (Rubin, 
“Cancer as a Dynamic Developmental Disorder”, Cancer 
Res., 45:2935-2942 (1985); Prehn, “Cancers Begets Muta 
tions versus Mutations Beget Cancers”, Cancer Res., 
54:5296-5300 (1994). 
[0016] HoWever, considering increasing current molecular 
evidence in support of a causal role for mutagenesis in human 
cancer, it is no Wonder that attempts have been made not only 
to consider alternative explanations for the action of epigen 
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esis in carcinogenesis (i.e., other than aberrant morphogen 
esis Which has been linked to the unpopular notion of a 
non-causal epiphenomenal role for mutations in cancer), but 
also more radically to regard epigenesisirelated data in gen 
eral as largely anecdotal. Notwithstanding, documentation 
that a variety of epigenetic alterations (such as changes in 
DNA methylation and genomic imprinting) are present in 
human biop sy specimens of a number of different tumor types 
has undoubtedly helped to resurrect epigenesis as a real can 
cer-related entity rather than an experimental quirk (GoelZ et 
al, “Hypomethylation of DNA from benign and malignant 
human colon “neoplasms”, Science (Washington, DC), 228: 
187-190 (1985); Feinberg, “Genomic imprinting and gene 
activation in human cancer”, Nature Genet, 2: 110-113 
(1993)). Accordingly, current cancer models largely of the 
mutation-selection variety noW regularly include aspects of 
altered epigenesis into a more general neo-DarWinian para 
digm Wherein both mutagenesis and epigenesis contribute to 
cancer evolution by acting as independent effectors of cell 
variability (Vogelstein et al, “The multistep nature of cancer”, 
Trends Genet, 9: 138-141 (1993)). Thus, in contrast to past 
models of epigenesis (Which have regarded mutations as non 
causal), this combined paradigm is able to maintain the Well 
documented causal role for mutagenesis in carcinogenesis. 
[0017] HoWever, it should be noted that While combining 
mutagenesis and epigenesis into one general paradigm has 
the obvious appeasing bene?ts that accompany compromise, 
it is still not obvious hoW such a combined paradigm is any 
more apt than pure mutagenic models to explain instances of 
tumor cell regulation, differentiation, or regression if it still 
invokes rare irreversible (genomic) derangements as major 
effectors of cell variability. In reference to that model Which 
best accounts for these enigmatic data (i.e., the depiction of 
cancer as an aberrancy in tissue morphogenesis), it is clear 
that its current state of relative obscurity can be largely attrib 
uted to its unfortunate coupling to the ill-fated notion that 
cancer-related mutations are mere epiphenomenaia stance 
clearly at odds With recent data. HoWever, by dismissing this 
entire model because of an overZealous error in deducing its 
consequences, is it possible that some have effectively 
“throWn out the baby With the bathWater”, so to speak? Alter 
natively, if one uncouples the concept of aberrant morpho 
genesis from any particular stance as to the causality of 
mutagenesis in carcinogenesis, cancer could then be vieWed 
in a neW light as an epigenetic defect in tissue morphogenesis 
but one Which could also, in a seemingly contradictory man 
ner, be abetted by mutations. For example, mutagenesis could 
cause cancer, not via standard stepWise mutation-selection, 
but rather by triggering an actively developing/renewing 
adult tissue to undergo a largely epigenetic-driven aberrant 
morphogenetic program. Moreover, subsequent to the birth of 
a cancer cell in this manner, mutagenesis could then act in 
another novel non-neo-DarWinian manner by blocking can 
cer cell reversion (i.e., rather than by promoting progression 
of pre-cancerous intermediates). Such a model Would main 
tain the causal role of mutagenesis in carcinogenesis While 
more readily accounting for the epigenetic nature of certain 
cancers than does the current combined neo-DarWinian 
model. The preceding scenario is the basis for the OSES 
model for carcinogenesis, the speci?c mechanisms of Which 
Will be discussed in more detail. 

[0018] Accordingly, this report Will contend that upon 
closer analysis of the cancer literature: 1) the data normally 
cited in favor of mutation-selection are not exclusive to the 
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conventional paradigm but rather are also consistent With an 
alternative and novel non-neo-DarWinian model (termed the 
OSES model), and that 2) this novel OSES model may have 
an advantage in being more able than the conventional para 
digm to account for certain past as Well as more recently 
described enigmatic cancer-related phenomena. 
[0019] Thus, the present invention is based on a novel and 
improved model for carcinogenesis Which incorporates and 
indeed reconciles the presence of the seemingly con?icting 
processes of epigenesis and mutagenesis that occur during 
carcinogenesis. Moreover, based on this novel model of car 
cinogenesis (i.e., the OSES model), the present invention 
further provides novel and improved methods for the diagno 
sis and treatment of cancer. These novel methods should 
alleviate and potentially prevent problems associated With 
those of conventional cancer diagnosis and therapy, in par 
ticular, the need for methods Which provide for much earlier 
cancer diagnosis than is currently available, as Well as the 
need for more successful initial therapies for cancer that are 
not as susceptible to tumor relapse as are conventional treat 
ment regimens. 

OBJECTS OF THE INVENTION 

[0020] Thus, it is an object of the invention to provide a 
novel cancer modelitermed the OSES (one step-epigenetic 
sWitch) cancer modeliWhich clari?es and repairs the inad 
equacies of previous cancer models. 
[0021] Moreover, it is a further object of the invention to 
provide novel methods of treatment and diagnosis of cancer 
Which are based on the OSES model. 

[0022] It is a more speci?c object of the invention to pro 
vide a method of cancer diagnosis Which identi?es sloW 
groWing, relatively mutationally-spared symmetrically-di 
viding stem cells (i.e., a cancer stem line) Which is the 
immortal founder line that rears those (largely mortal) highly 
proliferative mutant cancer cells normally targeted by con 
ventional diagnostic methods. 
[0023] It is a more speci?c object of the invention to pro 
vide a method of cancer therapy Which targets sloW groWing, 
relatively mutationally-spared symmetrically dividing stem 
cells (i.e., a cancer stem line) Which is the immortal founder 
line that rears those (largely mortal) highly proliferative 
mutant cancer cells normally targeted by conventional thera 
pies. 
[0024] It is another speci?c object of the invention to pro 
vide novel and improved cancer therapies Which eradicate a 
cancer stem line thereby destroying the immortal portion of 
the tumor (i.e., the cancer stem line) and in doing so providing 
a true cure by preventing clinical relapse. 

[0025] It is a more speci?c object of the invention to pro 
vide cancer therapies Which target antigens present on the 
cancer stem line for the purpose of destroying the cancer stem 
line. 

[0026] It is another speci?c object of the invention to pro 
vide a novel method of cancer therapy Which induces, in a 
cancer stem line, a permanent sWitch from symmetric to 
asymmetric mitosis. 
[0027] It is still another speci?c object of the invention to 
provide a novel method of cancer therapy Which induces, in a 
cancer stem line, terminal differentiation and/ or programmed 
cell death. 
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[0028] It is still another speci?c object of the invention to 
spare normal stem cells of signi?cant OSES-based therapy 
induced toxicities. 

BRIEF DESCRIPTION OF THE INVENTION 

[0029] The present invention provides novel methods for 
the treatment and detection of cancer Which folloW from the 
OSES model of carcinogenesis. In brief, the OSES model 
concludes that a clandestine relatively mutationally-spared 
immortal founder line (i.e., cancer stem line) exists Within 
tumors and is responsible for fueling tumor immortality. 
Since the cancer stem line is directly derived from normal 
stem cells, as Will be described, the cancer stem line (like a 
normal stem cell) is sloW-groWing and non-mutant and (like a 
normal stem cell) rears a transit population of highly prolif 
erative progeny cells (Which may be mutant in the case of 
cancer stem line progeny). Such highly proliferative and 
largely mortal cancer stem line progeny make up the bulk of 
the resulting tumor mass (in an analogous manner to Which 
proliferative mortal progeny of normal stem cells make up the 
bulk of a normal developing tissue). 
[0030] Essentially, While conventional cancer models 
invoke the presence of highly proliferative mutant cancers 
(hypothesiZed to be produced by stepWise neo-DarWinian 
mutation-selection), they have been largely unaWare of the 
OSES-proposed presence of an underlying sloW-groWing 
relatively mutationally-spared immortal cancer stem line that 
rears such proliferative mutant cells as its mortal progeny. 

[0031] Moreover, this de?ciency by conventional models 
explains many of the inadequacies of treatment regimens 
derived thereof, e.g., conventional chemotherapies, irradia 
tion, experimental immunotherapies, as Well as neWer gene 
directed therapies designed for treatment of cancer. In gen 
eral, such conventionally-based methods attempt to eradicate 
fast-groWing mutant cancer cells. This idea has clinical utility 
as, if successful, such methods may destroy the highly pro 
liferative mutant progeny of the cancer stem line and thereby 
diminish tumor burden (since mortal cancer stem line prog 
eny make up the bulk of the tumor mass), thus potentially 
effecting clinical remission (due to signi?cant decrease in 
tumor cell burden). HoWever, a problem associated With such 
treatments is that the targeted highly proliferative mutant 
cancer cells are largely mortal While their immortal progeni 
tor, i.e., the cancer stem line, Will remain spared of such 
therapies. This is disadvantageous as the cancer stem line 
over time can rear more highly proliferative mutant cancer 
cells, thereby effecting an increase in tumor cell burden and 
clinical relapse. 
[0032] By contrast, the subject invention provides novel 
therapies Which eradicate the sloW-groWing relatively muta 
tionally-spared cancer stem line Which is the progenitor of the 
larger population of highly proliferative, largely mortal, often 
mutant cancer cells. Therefore, the present invention may 
provide a true cancer “cure” as it Would eradicate the founder 
line thereby alleviating and potentially preventing clinical 
relapse. 
[0033] Also, the present invention provides novel methods 
of cancer diagnosis by early detection of cancer stem lines. 
This Will be effected by detecting factors (e.g., but not exclu 
sive to, cell surface antigens, or intracellular factors) speci?c 
to cancer stem lines, e.g., via use of cancer stem line-speci?c 
monoclonal antibodies attached to a readily detectable moi 
ety (e.g., ?uorescent or radionuclide tag). 
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[0034] As noted, the subject cancer stem line, Which can be 
considered to be the progenitor of highly proliferative mutant 
cancer cells, is directly derived from normal stem cells and as 
Will be presented is functionally equivalent to stem cells that 
have undergone an aberrant one-step epigenetic sWitch 
(OSES) in mitotic mode from an asymmetric to a symmetric 
type. Therefore, the methods of therapy Which arise from the 
OSES model of carcinogenesis Will include, but are not exclu 
sive to, the following: 

[0035] (i) speci?c cytotoxic targeting of the cancer stem 
line, e.g., via immunotherapy designed to cancer stem 
line-speci?c antigens (some of Which are expressed in 
and inherited en bloc from normal stem cells; 

[0036] (ii) induction of permanent sWitch, in the cancer 
stem line, from symmetric back to asymmetric mitosis, 
e.g., via activating/ suppressing cellular factors Which 
are involved in this sWitch in normal stem cells; and/or 

[0037] (iii) induction of permanent terminal differentia 
tion and/ or apoptosis of the cancer stem line by forcing 
the cancer stem line from a symmetric proliferative 
mitotic program to a symmetric terminal differentiation/ 
apoptotic program Whereby proliferative capacity is 
irreversibly lost. 

DETAILED DESCRIPTION OF THE FIGURES 

[0038] FIGS. 1A and 1B shoW mitotic of cell division 
modes (normal versus cancerous). Large circles represent 
individual stem cells, small circles represent their differenti 
ating progeny cells. 
[0039] FIG. 1A shoWs normal asymmetric mitosis of stem 
cells. The immortal stem line in this case is the reneWed 
normal stem cell While all of its progeny are mortal and 
destined to differentiate. This represents an arithmetic groWth 
pattern. 
[0040] FIG. 1B shoWs symmetric mitosis ofstem cells (i.e., 
cancer). The immortal stem lines in this case are the cancer 
stem lines Which fuel tumor groWth. This represents an expo 
nential groWth pattern. It should be noted that, by the OSES 
model, stem cells Which are dividing asymmetrically are 
intrinsically the same as those dividing symmetrically, i.e., 
the mitotic mode by Which stem cells divide is determined by 
their local surroundings. Thus asymmetrically dividing stem 
cells have normal surroundings While disrupted surroundings 
lead stem cells to divide symmetrically. 
[0041] FIGS. 2A and 2B illustrate possible explanations for 
relapses that folloW conventional chemotherapies. Large 
circles represent tumors, small circles Within the large circles 

represent individual tumor cells; *mutant cancer cells sus 

ceptible to therapy, OZcancer stem line cells; qpé‘mutant 
cancer cells resistant to therapy. 
[0042] FIG. 2A illustrates the conventional model, Wherein 
cells that survive standard chemotherapy are speculated to 
have acquired mutations Which make them resistant to 
therapy. 
[0043] FIG. 2B illustrates the OSES model, Wherein cells 
that survive standard chemotherapy are speculated to have 
either acquired mutations Which make them resistant, or may 
constitute a subpopulation of relatively mutationally-spared 
cells that are sloW-groWing (i.e., the cancer stem line) and are 
thus spared by therapies designed to attack fast-groWing 
mutant cells. By this model, mutationally-resistant cells may 
have a ?nite life-span (having been initiated doWn a differen 
tiation pathWay) thereby making their presence folloWing 
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standard chemotherapy less problematic than the presence of 
an immortal cancer stem line. It should be noted that the 
presence of cancer stem line cells resistant to standard thera 
pies is a novel OSES-based proposal not predicted by con 
ventional models. 

[0044] FIGS. 3A, 3B and 3C contain schematic of novel 
OSES-based cancer therapies. Large circles represent immor 
tal cancer stem line cells, small circles represent mortal prog 
eny cells of the cancer stem line that are either differentiating 
or undergoing programmed cell death. 
[0045] FIG. 3A illustrates that monoclonal antibody 
therapy to antigens present on a cancer stem line leads to 
cytotoxicity of the cancer stem line. 

[0046] FIG. 3B illustrates that certain. OSES-based thera 
pies force a cancer stem line cell to undergo asymmetric 
mitosis (i.e., arithmetic groWth). 
[0047] FIG. 3C illustrates other OSES-based therapies 
force a cancer stem line to undergo symmetric differentiation 
or programmed cell death (apoptosis) thereby extinguishing 
the cancer stem line and tumor immortality. 

[0048] FIG. 4 depicts the asymmetric mitotic pathWay of a 
stem cell. Multiple ligand-receptorbinding action (left side of 
?gure) leads to a signal transduction pathWay (arroW) char 
acteriZed by induction of multiple intracellular activators and 
inhibitors of this pathWay acting positively and negatively, 
respectively (along branches on both sides of ?gure). This 
pathWay ultimately leads to the unequal segregation of factors 
(right side of ?gure) to 2 qualitatively distinct daughter cells 
(i.e., asymmetric mitosis). SomeWhere amid this pathWay 
may exist one or more “bottlenecks” (only one has been 
displayed for simplicity) Wherein cellular decisions are made 
from a consensus of competing signals. Such “bottlenecks” 
present convenient points at Which to therapeutically inter 
vene (for the purpose of coercing asymmetric or symmetric 
mitosis) because they harbor less factors to be interfered With. 
[0049] FIGS. 5A and 5B shoW segregation of certain cel 
lular factors during asymmetric versus symmetric mitosis. 
Large circles represent individual stem cells, the medium 
siZed circle represents a differentiated progeny cell of a stem 
cell, smaller circles represent cellular factors (e.g., but not 
exclusive to, numb or notch proteins) that are apportioned to 
daughter cells during mitosis. 
[0050] FIG. 5A depicts asymmetric mitosis, Whereby cer 
tain intracellular factors are unequally apportioned to the 
differentiated daughter cell. 
[0051] FIG. 5B depicts asymmetric mitosis, Whereby the 
same intracellular factors are equally apportioned to both 
daughter cells. 
[0052] FIGS. 6A and 6B depict sparing normal stem cells 
of toxicity derived from is OSES-based induction of symmet 
ric differentiation/apoptosis of a cancer stem line. Large 
circles represent individual stem cells, the medium-siZed 
circle represents a differentiated progeny cell of a stem cell, 
smaller circles represent cellular factors (e.g., but not exclu 
sive to, numb or notch proteins) that are apportioned to 
daughter cells during mitosis. PTFIpre-treatment factor; 
AMIFIasymmetric mitosis inhibiting factor. 
[0053] FIG. 6A depicts pretreatment of normal stem cells 
and a cancer stem line With PTF (designed to bind a cellular 
factor apportioned to daughter cells) Will result in loss of the 
PTF by normal stem cells after asymmetric mitosis, and 
maintenance of the PTF by a cancer stem line after symmetric 
mitosis. 
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[0054] FIG. 6B depicts subsequent treatment of normal 
stem cells and a cancer stem line With AMIF Will inhibit 
asymmetric mitosis only in a cancer stem line and not in 
normal stem cells (since, by design, the AMIF requires the 
presence of the PTF for function). In this manner, induction of 
differentiation or starvation (not shoWn in ?gure) Will result in 
symmetric differentiation and/ or apoptosis only of the cancer 
stem line While sparing normal stem cells. 

DETAILED DESCRIPTION OF THE INVENTION 

Stem Cells and Cancer 

[0055] As noted supra, the present invention relates to the 
realiZation that the origin of cancer involves the birth and 
subsequent persistence of a population of sloW-groWing rela 
tively mutationally-spared cancer cells, i.e., the cancer stem 
line. Such sloW-groWing relatively mutationally-spared can 
cer cells are directly derived from normal stem cells via a 
one-step sWitch in mitotic mode, to be described in more 
detail. It is this origin Which explains the groWth pattern of a 
cancer stem line (i.e., like normal stein cells from Which it is 
derived, a cancer stem line is sloW-groWing but rears a large 
transit population of highly proliferative cells. It is also these 
properties of a cancer stem line, inherited directly from nor 
mal stem cells, that Will determine the novel OSES-based 
methods to contain it and by doing so to treat human cancer. 
[0056] Normal adult stem cells are “embryonic-like” rem 
nants of early development Which function in adult tissues as 
founder cells responsible for cell lineage development/-tissue 
reneWal (Potten et al, “A Comparison of Cell Replication in 
Bone MarroW, Testis, and Three Regions of Surface Epithe 
lium”, Biochim. Biophys. Acla, 560:281-299 (1979); Wolpert, 
“Stem cells: a problem in asymmetry”, J. Cell Sci. Suppl., 
10: 1 -9 (1988)). These poorly-differentiated immortal cell 
types reside in Well-de?ned environmental niches localiZed to 
the basal layer of reneWing tissue types including semi-nif 
erous tubules (in the case of primordial germ cells) as Well as 
epidermis, intestinal crypts, and mammary terminal ducts 
among others. It is Within these sequestered regions that stem 
cells ensure proper tissue reneWal, as described indepen 
dently by Potten and Wolpert, by maintaining a constant 
founder cell population While concomitantly replacing aged 
cells and in doing so creating a local microenvironment 
Wherein maturing/ differentiating progeny cells migrate aWay 
from a ?xed stem cell position (Potten et al, “A Comparison of 
Cell Replication in Bone MarroW, Testis, and Three Regions 
of Surface Epithelium”, Biochim. Biophys. Acla, 560:281 
299 (1979); Wolpert, “Stem cells: a problem in asymmetry”, 
J. Cell Sci. Suppl., 10:1-9 (1988)). 
[0057] In some Ways this Well-de?ned stem cell microen 
vironment resembles that of developing embryonic tissues. 
For example, as adult tissue reneWal is fueled ultimately by 
the production of differentiated cells by an environmentally 
sequestered stem cell, a developing embryonic germ layer 
similarly forms from cellular descendants of a region of spa 
tially con?ned progenitor cells, in this case at the posterior 
end of a mammalian embryo. In addition, the local architec 
ture of a developing/reneWing adult cell lineage, character 
iZed by progressive migration of maturing stem cell progeny 
from a ?xed stem cell position, resembles that of developing 
embryonic trophectoderm and endoderrn Wherein directed 
movement of cell progeny and consequent alterations in their 
relations With neighboring tissues results in a restriction of 
potency (Spemann (ed.), “Embryonic Development and 
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Induction”, NeW York: Hafner, Inc. (1962); Wolpert, “Posi 
tional information and pattern formation”, Phil. Trans. Roy. 
Soc. Lond., Ser B., 295:441-450 (1981); Gurdon, J. B. 
Embryonic inductionimolecular prospects, Development, 
99:285-306 (1987); Gardner et al, “Multilineage ‘stem’ cells 
in the mammalian embryo”, J. Cell Sci. Suppl., 10:11-27 
(1988)). 
[0058] Based on these observations, it is also theoriZed that 
disruption of the Well-de?ned microenvironment of an adult 
stem cell may have similar consequences to altering the sur 
roundings of an embryonic cell. As Will be discussed (and as 
mentioned earlier), there are several classic experiments 
Which demonstrate that alterations to the surroundings of a 
developing embryonic tissue can result in aberrant develop 
ment and “neoplasia” (Rubin, “Cancer as a Dynamic Devel 
opmental Disorder”, Cancer Res., 45:2935-2942 (1985); 
Pierce et al (eds.), “Cancer: a problem of development biol 
ogy”, NeW Jersey: Prentice Hall Inc. (1978)). Accordingly, it 
is theorized here that the disturbance of the local environment 
of a stem cell (in manners to be discussed) could, in a similar 
Way to disrupting an embryonic environment, predispose 
potent cell types (i.e., stem cell in this case) to aberrant 
development and “neoplasia”. An examination of some of the 
recently-described molecular mechanisms by Which embry 
onic and adult cell lineages normally develop as Well as some 
of the potential mechanisms by Which they can go aWry 
supports this theory. 
[0059] During embryogenesis, one role of the surrounding 
spatial architecture of developing tissues is to act as a 
dynamic scaffold that directs differentiation, morphogenesis, 
and ful?llment of a proper developmental plan (Spemann 
(ed.), “Embryonic Development and Induction”, NeW York: 
Hafner, Inc. (1962); Wolpert, L., Positional information and 
pattern formation, Phil. Trans. Roy. Soc. Lond., Ser B., 295: 
441 -450 (1981); Gurdon, “Embryonic inductionimolecular 
prospects”, Development, 99:285-306 (1987); Gardner et al, 
“Multilineage ‘stem’ cells in the mammalian embryo”, J Cell 
Sci. Suppl., 10:11-27 (1988)). Mechanistically, it had been 
previously suggested by HoltZer that developing embryonic 
cells might limit their potency and differentiate, When sur 
rounded by a proper inducing environment (i.e., scaffolding), 
via a sWitch from symmetric to asymmetric mitotic division 
leading to formation of differentiated cell types (Stamatoy 
annopoulos et al (eds.), “Globin Gene Expression and 
Hematopoietic Differentiation”, pp. 213-227. NeW York: A. 
R. Liss, Inc. (1983)). 
[0060] There is noW indeed strong evidence that certain key 
developmentally-regulated cell fate decisions during 
embryogenesis are mediated speci?cally by a timely sWitch 
from symmetric to asymmetric mitotic division. This process 
has been likened to a highly conserved one-step epigenetic 
mitotic sWitch, as described by HerskoWitZ, that regulates 
vegetative groWth in loWer eukaryotes (HorvitZ et al, “Mecha 
nisms of Asymmetric Cell Division: TWo Bs or Not TWo Bs, 
That is the Question”, Cell, 68: 237-255 (1992)). Mechanis 
tically, a variety of intracellular proteins (e.g., NOTCH and 
m-NUMB) have been found to be unequally segregated to 
daughter cells at asymmetric mitosis during mammalian 
development. These ?ndings coupled With the demonstration 
that equal segregation or, alternatively, loss of expression of 
these and other related factors can lead to a sWitch in mitotic 
mode from asymmetric to symmetric division strongly indi 
cates a causal role (by preferentially segregated intracellular 
factors) in determining the fate of their host cell. Moreover, 
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the proper apportioning of such intracellular factors has been 
shoWn to be affected by certain extrinsic locally-acting fac 
tors and their downstream is signaling pathWays thereby pro 
viding molecular support for past proposals that morphogen 
esis is dependent on a proper surrounding environment (i.e., 
scaffold) Wherein intercommunication betWeen developing 
embryonic cell types occurs, e.g., presumably by triggering a 
sWitch from symmetric to asymmetric embryonic cell mitosis 
(Lin et al, “Neuroblasts: a model for the asymmetric division 
of stem cells”, Trends Genet., 13: 33-39 (1997); Wolpert, 
“Positional information and pattern formation”, Phil. Trans. 
Roy. Soc. Land, Ser B., 295: 441 -450 (1981)). It Would folloW 
from this idea that disruption of the surrounding environment 
of developing embryonic cells (e.g., via ectopic transplanta 
tion of embryonic cells out of their native environment) 
Would disturb developmentally-regulated local induction of 
asymmetric embryonic cell mitosis Which in turn could alloW 
such developing cells to continue to proliferate via symmetric 
mitosis (i.e. exponentially)ian aberrant process Which 
Would resemble “neoplasia”. 
[0061] As previously mentioned, When embryonic ecto 
derm is ectopically transplanted to adult tissues it can form a 
neoplasm (i.e., teratocarcinoma) Which then regresses if 
replaced back into the embryonic milieu of a developing 
blastocyst (Pierce et al (eds.), “Cancer: a problem of devel 
opmental biology”, NeW Jersey: Prentice Hall Inc. (1978)). 
By conventional models, one might have to invoke mutation 
selection to create this neoplasm folloWed by a enigmatic 
“bypassing” of such permanent genomic derangements to 
account for its reversibility. HoWever, consider an alternative 
novel explanation Whereby placement of ectodermal cells 
into a foreign tissue milieu results in an interruption of native 
signals that normally induce them to undergo asymmetric 
mitosis thereby leading to persistence of symmetric mitoses, 
i.e., effectively a one-step epigenetic sWitch (OSES) from 
asymmetric to symmetric embryonic cell mitosis, resulting in 
symmetric mitoses out of proportion to asymmetric mitoses, 
a net proliferation of misplaced embryonic cells, and a disor 
derly/neoplastic (e.g., “teratocarcinomatous”) phenotype. In 
this manner, the reversibility of certain teratocarcinomas 
upon placement into blastocysts, rather than re?ecting a 
“bypass” of permanent mutations, could indicate that this 
tumor is no more than a collection of misplaced ectodermal 
cells Which maintain a capability to resume proper morpho 
genesis upon restoration of endogenous differentiation-in 
ducing signals (because they did not amass mutational 
changes and thus did not need to bypass any). Assuming 
embryonic and adult tissue development are mechanistically 
related processes, as alluded to, then disruption of the latter 
process (e.g., via carcinogen-induced tissue damage), like 
disturbance of the former (e.g., via ectopic transplantation) 
might also lead to aberrant epigenesis and neoplasia via a 
similar mechanism. 

[0062] Like their developing embryonic counterparts, there 
is evidence that adult stem cells act via a similar asymmetric 
mitotic process Which also relies on a signaling pathWay 
induced by extrinsic cues derived from neighboring cells 
(and/ or extracellular matrix) (Lin et al, “Neuroblasts: a model 
for the asymmetric division of stem cells”, Trends Genet., 13: 
33-39 (1997); Potten et al, “A Comparison of Cell Replication 
in Bone MarroW, Testis, and Three Regions of Surface Epi 
thelium”, Biochim. Biophys. Acid, 560: 281-299 (1979); 
Wolpert, “Stem cells: a problem in asymmetry”, J. Cell Sci. 
Suppl, 10: 1-9 (1988)). HoWever, in contrast to the relatively 
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“loose” architectural arrangement of developing embryonic 
tissue and seemingly stochastic manner by Which developing 
embryonic cells asymmetrically produce less potent progeny 
that differentiate, the Well-de?ned microenvironmental stem 
cell niche may make stem cells subject to a relatively more 
continual How of extrinsic inducing signals thereby resulting 
in a relatively less stochastic process characterized by regular 
asymmetric mitoses at the completion of each and every stem 
cell-cycle. (See FIG. 1A) 
[0063] Thus, by this model, despite the clear architectural 
difference betWeen embryonic and adult tissues, the pro 
cesses of embryogenesis and adult tissue reneWal can still be 
analogous and driven by similar mechanisms (i.e., symmetric 
and timely asymmetric mitoses). Accordingly, disturbance of 
an embryonic milieu (e.g., due to ectopic ectodermal cell 
transplantation) Will result in tumor formation due to main 
tenance of an embryonic phenotype arising from a prepon 
derance of symmetric embryonic cell mitoses. Similarly, dis 
ruption of a stem cell microenvironment Would also lead to 
neoplastic groWth arising from persistence of a stem cell 
phenotype due to continued symmetric stem cell mitoses. 
More speci?cally, disturbance to the regular How of local 
inducing signals necessary for ensuring regular asymmetric 
stem cell mitoses, a disturbance arising possibly from car 
cinogen-induced damage of a developing stem cell milieu (a 
microenvironment Which consists largely of non-stem cells 
responsible for providing such inducing signals to their stem 
cell neighbors) Will result in disruption of this normally 
tightly-controlled process thereby leading effectively to a 
one-step epigenetic sWitch (OSES) from asymmetric to sym 
metric stem cell mitoses. (See FIG. 1B) 
[0064] It also folloWs from such a model that symmetri 
cally4dividing stem cells “croWded” Within a stem cell niche 
Would be correspondingly subject to local inducing signals 
Which normally only affect the fate of a single sequestered 
stem cell. In this manner, symmetrically-dividing stem cells 
Would in effect “overload the system” (i.e., too many cells and 
not enough differentiation-inducing signals) thereby causing 
them to adopt a more stochastic mode of differentiation 
induction characteristic of developing embryonic tissues. 
Accordingly, the timing of induction of asymmetric stem cell 
mitosis Within a disrupted milieu Would no longer be regular 
thereby potentially leading to net proliferation, unplanned 
differentiation, and a disorderly-appearing tissue mass. By 
this model, the phenotype of symmetrically-dividing adult 
stem cells, of the gerrnline as an example (i.e., primordial 
germ cells), Would approximate the teratocarcinomatous 
appearance proposed for symmetrically-dividing ectodermal 
cells When ectopically transplanted thereby obviating the 
need to invoke a multi-step evolutionary process in the birth 
of this tumor from primordial germ cells. In this manner, the 
unstructured histopathologic phenotype characteristic of 
early solid tumors could represent pre-existing cancer cells 
and their irregularly-differentiating progeny rather than a col 
lection of “pre-cancerous” intermediates. Accordingly, sym 
metrically-dividing adult stem cells are synonymous With 
cancer cells. 

[0065] Interestingly, there is evidence that stem cells are the 
cell type of origin for a variety of hematologic as Well as solid 
malignancies Which begs the question as to hoW many more 
alterations Wouldbe required by stem cells, Which are already 
poorly-differentiated and “immortal”, to assume a neoplastic 
phenotype? It had been previously described by Pierce that 
certain cancer cell types Were no less differentiated at the 



US 2009/0022740 A1 

histopathological level than stem cells from their correspond 
ing lineages of origin. In addition, the renewal rates of a 
variety of developing tissues known to harbor stem cells (e.g., 
bone marrow, gastrointestinal tract, and testis) have been 
reported to be comparable to the exponential growth rates of 
corresponding cancer cell types derived from these tissues 
(Sell et al, “Maturation Arrest of Stem Cell Differentiation as 
a Common Pathway for the Cellular Origin of Teratocarcino 
mas and Epithelial Cancers”, Lab. Invest., 70:6-22 (1994)); 
Pierce et al (eds.), “Cancer: a problem of development biol 
ogy”, New Jersey: Prentice Hall Inc. (1978)). Based on these 
mentioned ?ndings it appears that the major difference 
between a stem cell and a cancer cell arising from the same 
tissue of origin is the mode by which these two poorly 
differentiated immortal cell types divide (i.e., asymmetric 
mitosis leading to arithmetic cellular growth vs. symmetric 
mitosis leading to exponential cellular growth, respectively), 
an epigenetically-derived trait. 

[0066] Since there is evidence that the developmental deci 
sion to switch from symmetric to an asymmetric mitotic 
mode can occur in one-step via an epigenetically-controlled 
mechanism (HorvitZ and HerskowitZ, “Mechanisms of 
Asymmetric Cell Division: Two Bs or Not Two Bs, That is the 
Question”, Cell, 68:237-255 (1992)), multiple mutational 
derangements are likely unnecessary for an aberrant switch 
from the latter to the former to occur in developing adult 
tissues (i.e., stem cells). Comparison of the respective 
genomes and expression pro?les of stem cells and cancer 
cells using conventional molecular biological techniques 
(e. g., subtraction hybridization) will allow one to more accu 
rately substantiate the noted gross (morphological and math 
ematical) similarities between these cell types. 
[0067] Support for the proposed OSES model can be 
sought by experimentally inducing stem cells to divide sym 
metrically and observing whether the resultant phenotype 
resembles neoplasia. Since the phenotype of a stem cell is 
usually described in the context of arithmetic cell division 
leading to orderly tissue renewal without a net increase in cell 
number (i.e., asymmetric mitosis) it has not yet been shown 
what consequences would arise if the phenotype of a stem cell 
were to persist in both of its daughter cells (i.e., symmetric 
mitosis). If local extrinsic signals are responsible for ensuring 
regular asymmetric stem cell mitoses then one might have to 
experimentally disperse stem cells from their sequestered 
niches in order to examine a true stem cell phenotype without 
environmental in?uence. Namely, dissection of certain adult 
stem cells out of their well-de?ned microenvironments, 
according to the OSES model, should result in loss of local 
inductive signals required for asymmetric stem cell mitosis 
(as with transplanted embryonic cells) thereby leading to a 
switch to symmetric stem cell mitoses and tumor formation. 
In addition, experimental reimplantation of such a lesion back 
into its native stem cell microenvironment should effect car 
cinogenic reversion and resumption of normal lineage devel 
opmentia phenomenon previously demonstrated for terato 
carcinomas (Pierce et al (eds.), “Cancer: a problem of 
development biology”, New Jersey: Prentice Hall Inc. 
(1978)). Stem cells of the hematologic lineage have been 
successfully puri?ed using various monoclonal antibody 
techniques thereby making the proposed experiments fea 
sible at least for the hematopoietic system (Uchida et al “Het 
erogeneity of hematopoietic stem cells”, Curr. Opin. Immu 
n0l., 5: 177-184 (1993). There has also been some success in 
transplanting stem cells of non-hematologic tissues (e.g., 
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intestinal epithelium) but puri?cation of these cells awaits 
further technical improvements (Gordon, “Differentiation 
and self-renewal in the mouse gastrointestinal epithelium”, 
Curr. Opin. Cell Bi0., 6: 795-803 (1994)).Antigens and other 
speci?c gene products differentially expressed by stem cells 
and their differentiated progeny in a variety of different cell 
types are being identi?ed at an ever-increasing pace (e.g., 
integrins in developing skin) and could act as potential 
molecular targets for the purpose of separating stem from 
non-stem cells in preparation for transplantation to test the 
OSES model (Sigal, “The liver as a stem cell and lineage 
system”,Am. J. Physiol, 263: G139-G148 (1992); Jones et al, 
“Stem Cell Patterning and Fate in Human Epidermis”, Cell, 
80: 83-93 (1995)). 
[0068] Closer examination of some previous reports of 
tumor formation that follows ectopic transplantation of cer 
tain adult tissues (e.g., pituitary and testis) to foreign tissue 
locales should con?rm (or deny) through utiliZation of more 
current techniques that the neoplasms that arise from such 
transplants are derived speci?cally from the stem cells of 
these tissues as would be predicted by the OSES model (Ru 
bin, “Cancer as a Dynamic Developmental Disorder”, Cancer 
Res., 45:2935-2942 (1985); Farber and Rubin, “Cellular 
Adaptation in the Origin and Development of Cancer”, Can 
cer Res., 51:2751-2761 (1991)). Moreover, experimental 
retransplantation of these tumors back within the con?nes of 
the stem cell microenvironments of their respective tissues of 
origin should con?rm whether recreation of normal cell lin 
eage development, as predicted by the OSES model, can 
occur. 

[0069] In summary, by the OSES model, as discussed, can 
cer initiation” is caused by (e.g., carcinogen-induced) dam 
age to a developing stem cell milieu, and more speci?cally 
from damage to those (non-stem) cells that normally induce 
their stem cell neighbors to undergo regular asymmetric mito 
ses. Since a considerable proportion of the non-stem cells 
which surround a stem cell are a stem cell’s own progeny, 

might damage speci?cally to this particular cell population 
lead indirectly to a stem cell-derived cancer? In this manner, 
perpetuation of a mutant differentiationirelated gene by a 
stem cell to its non-stem cell progeny (but not expressed in a 
stem cell which does not itself differentiate) could lead to 
aberrant cell differentiation (due to expression of a mutant 
differentiation-related genes in differentiating cells) and an 
disrupted stem cell microenvironment (due to aberrantly dif 
ferentiating cells within the milieu). This scenario in turn like 
that of embryonic cells placed in a foreign milieu, will permit 
developing (stem) cells to become neoplastic by predisposing 
them to symmetric mitoses. It follows from this idea that 
germline inheritance of certain mutant differentiation-related 
genes (e.g., TP53, RB-l, BRCA-l) might lead to a novel 
non-neo-Darwinian manner in which to endow a cancer pre 
disposition whereby such genes adversely affect the differen 
tiation capabilities of non-stem cells thereby predisposing 
neighboring stem cells to symmetric mitoses. Evidence that 
an inherited cancer predisposition can be affected by 
mutagenic effects on (non-neoplastic) cells which neighbor a 
neoplasm is provided by Varmus’ group wherein some mam 
mary tumors derived from germline TP53/Wnt-1 altered mice 
may be more aggressive when surrounded by p53—/— cells 
than by “less-mutated” p53+/—cells (Donehower et al, “De? 
ciency of p53 accelerates mammary tumorigenesis in Wnt-1 
transgenic mice and promotes chromosomal instability”, 
Genes Dev., 9: 882-895 (1 995)). However, are these proposals 
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by the OSES model also consistent With Well-corroborated 
data correlating mutagenesis With the latter “progression” 
phase of cancer development? 
[0070] Along similar lines, if symmetrically-dividing stem 
cells (i.e., cancer cells) are susceptible to local differentia 
tion-inducing signals (Which Would induce tumor regression) 
then hoW could a mass of such cells continue to groW in siZe 
and eventually invade, i.e., “progress” rather than regress? 

Tumor Progression 

[0071] It is a Well-documented phenomenon that most 
tumor types evolve at the tissue level from a “benign-appear 
ing” to an increasingly “cancerous-appearing” lesion (Furth, 
“Conditioned and autonomous neoplasm: a revieW”, Cancer 
Res., 13: 477-492 (1953); Foulds, “The natural history of 
cancer”, .1. Chronic Dis., 8: 2-37 (1958)). This metamorpho 
sis could in theory result from either the stepWise evolution of 
increasingly cancerous cellular intermediates (i.e. conven 
tional model) or alternatively from the gradual emergence in 
numbers of a subpopulation of cancer cells created via a 
one-step non-evolutionary process (ie the OSES model). 
The correlation betWeen mutational accumulation and tumor 
“progression” at the tissue level has been cited in support of 
the former idea (Weinberg, “Oncogenes, Anti-oncogenes, 
and the Molecular Basis of Multistep Carcinogenesis”, Can 
cer Res., 49: 3713-3721 (1989); NoWell, “The Clonal Evolu 
tion of Tumor Cell Populations”, Science (Washington DC), 
194: 23-28 (1976)). Additional support for neo-Darwinian 
cellular evolution has arisen from recent high resolution 
molecular analyses of human tumorbiopsy specimens reveal 
ing that adjoining “pre-cancerous” and “cancerous” tumor 
regions can share certain rare mutational alterationsi?nd 
ings cited as evidence for a direct lineage from a “benign” cell 
to a “cancerous” one. Moreover, demonstration of the pres 
ence of certain unique genetic alterations solely Within “can 
cerous” portions of a tumor has been interpreted as further 
evidence of a causal role for mutation in effecting the cellular 
transition from “benign” to “malignant” (Fearon and Vogel 
stein, “A Genetic Model for Colorectal Tumorigenesis”, Cell, 
61 :749-767 (1990); Sidransky et al, “Clonal expansion ofp53 
mutant cells is associated With brain tumor progression”, 
Nature (Lond.), 355:846-847 (1992)). 
[0072] HoWever, these mentioned observations cited in 
support of neo-Darwinian cellular evolution are also consis 
tent With the OSES model. Namely, While the presence of a 
rare mutation Within both a “benign-appearing” and an 
adjoining “cancerous-appearing” portion of a tumor may be 
interpreted as evidence for conventional neo -DarWinian evo 
lution at the cellular level, this is not the only explanation for 
such a ?nding. Rather, the sharing of a rare mutation by 
adjacent tumor regions may merely re?ect a common ances 
try for cells Within such neighboring sites Without de?nitively 
revealing Which cells arose from Which. Accordingly, a 
reverse temporal scenario to that of conventional mutation 
selection but consistent With the OSES model is possible 
Whereby a direct lineage betWeen cells” Within adjacent 
“benign” and “cancerous” tumor regions is maintained but 
via reversion of “cancerous” cells into “benign” ones (e.g., 
via cancer cell differentiation), rather than via progression of 
the latter to the former. In this Way, mutations present in 
adjoining “benign” and “cancerous” tumor regions Would be 
considered essentially “neutral”, i.e., not adversely affecting 
the ability of cancer cells to is differentiate. In a related 
manner, detection of unique mutations solely Within a “can 
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cerous” region of a tumor, although cited in support of con 
ventional mutation-selection, is also consistent With the 
OSES model Which explains these genetic alterations as 
acquired features of pre-existing cancer cells rather than as 
effectors of “progression” toWard malignancy. Thus, such 
mutations present solely Within a “cancerous” portion of a 
tumor Would represent selectively advantageous genetic 
alterations that inhibit cancer cell differentiation/regression 
into “benign” cells. In this manner, such advantageous muta 
tions might be expected to hasten the emergence of a clone of 
pre-existing cancer cells from amongst its sloWergroWing 
(i.e. differentiating/regressing) non-mutant neighbors. So the 
presence of clonal mutant outgroWths in tumors, a ?nding 
often cited in support of conventional neo-Darwinian models, 
is also consistent With the OSES model. In other Words, these 
mentioned tumor-related data alone are insu?icient to cat 
egorically determine the lineage history of related tumor cell 
populations and thus do not rule out the idea of differentiation 
from “cancerous” to “benign” (i.e., the OSES model). 
Accordingly, higher resolution lineage analyses, comparing 
respective tumor regions using multiple independent cellular 
markers, may be required to better discern betWeen these tWo 
divergent accounts. 
[0073] By the OSES model then the phenomenon of tumor 
“progression” Would correspond to a gross histopathologic 
change due to the gradual emergence of preexisting cancer 
cells rather than the stepWise selection of individual “pre 
cancerous” intermediates. The preferential outgrowth of a 
clone(s) of cancer cells from amongst its sloWer-groWing (i.e. 
differentiating/regressing) neighbors could then be attributed 
to the advantageous acquisition of mutations Which inhibit 
that mutant clone’s ability to differentiate. More speci?cally, 
by the OSES model peripherally-located cancer cells in a 
tumor mass may be the most susceptible population to selec 
tive pressure for differentiation-impairing mutations thereby 
effectively “shielding” the more centrally-located cancer 
cells of such pressures (and thus of signi?cant mutational 
accumulation). Accordingly, expansion of peripherally-lo 
cated mutants Which are differentiation-defective (and Which 
may or may not have a limited proliferative capability) might 
further shield a more centrally-located 
subpopulation’thereby alloWing it to expand and act as an 
“immortal” founder line (i.e. cancer stem line) that is rela 
tively mutationally-spared. This idea is consistent With 
reports that certain human tumors (e.g., breast carcinomas) 
have a higher histopathological grade in their more central 
regions as Well as With ?ndings that some highly aneuploid 
tumor types have a chromosomal distribution pattern best 
accounted for by the presence of a stem line Which is neareu 
ploid (Lennington et al, ““Ductal carcinoma in situ of the 
breast. Heterogeneity of individual lesions”, Cancer, 73: 1 18 
124 (1994); Makino, “Further Evidence Favoring The Con 
cept of the Stem Cell InAscites Tumors Of Rats”, Ann. N. I’. A 
Acad. Sci., 63:818-830 (1956); Shapiro et al, “Isolation, 
Karyotype, and Clonal GroWth of Heterogeneous Subpopu 
lations of Human Malignant Gliomas”, Cancer Res., 
41:2349-2357 (1981)). If some mutations could affect tumor 
groWth behavior subsequent to the birth of a cancer cell (e. g., 
by inhibiting cancer cell differentiation) then another poten 
tial non-neo-DarWinian explanation for an inherited cancer 
predisposition (in addition to predisposing to the early “ini 
tiation” stage of cancer by causing non-stem cells to aber 
rantly differentiate) might also derive from germline inherit 
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ance of a mutant gene that accelerates the latter “progression” 
stage of cancer by thwarting differentiation/reversion of cells 
Which are a cancerous. 

[0074] It should be noted that it had been previously 
described by Pierce that certain malignant cell types includ 
ing neuroblastoma, leukemia, rhabdomyosarcoma, and mam 
mary adenocarcinoma are capable of “differentiating” into 
benign tissues. Namely, classic experiments involving thymi 
dine labeling of rat squamous cell carcinomas and single cell 
cloning of murine teratocarcinomas revealed that the poorly 
differentiated cells Within these particular tumor types had 
given rise to Well-differentiated tumor cells but not vice versa 
(i.e., not via dedifferentiation). It Was further shoWn in these 
experiments that the poorly-differentiated cells Within these 
neoplasms Were the cell types responsible for tumor groWth 
and invasion While their Well differentiated progeny had 
essentially lost malignant groWth potential and Were thus 
deemed to be “benign” (Pierce et al (eds.), “Cancer: a prob 
lem of development biology”, NeW Jersey: Prentice Hall Inc. 
(1978)). A question not adequately addressed at the time but 
Which may be able to be evaluated by current molecular 
techniques is Whether the “benign” cells Within these particu 
lar experimental rodent tumors are analogous to those 
“benign” cells normally classi?ed as “pre-cancerous” in 
human tumors. In other Words, as hypothesiZed here, cells 
Within a “benign-appearing” region of human tumors may 
actually constitute differentiated progeny of pre-existing can 
cer cells rather than “pre-cancerous” intermediates. Re-ex 
ploration of these mentioned early experiments With current 
molecular biological techniques should elucidate Whether 
rodent tumors previously shoWn to harbor evidence of cancer 
cell differentiation also possess a mutational distribution 
similar to that described for human neoplasmsia distribu 
tion that has been attributed to conventional mutation-selec 
tion. Detection of a similar mutational distribution should 
provide further evidence that the OSES model (Which invokes 
cancer cell differentiation) provides an equivalent explana 
tion as neo-DarWinism for the presence of “benign-appear 
ing” cells Within human cancersiand a better explanation 
than conventional models for cases of epigenesis in carcino 
genesis (as argued previously). 
[0075] It is also noted that there are cases in Which cancer 
related mutations do not clearly accumulate With tumor “pro 
gression”. Such data have not been readily accounted for by 
conventional models, but When analyZed more closely, are 
indeed consistent With the predictions of the OSES model. 

Mutational Accumulation Without “Progression” 

[0076] As mentioned, the Well-documented correlation 
betWeen mutational accumulation and cancer development 
might in theory be accounted for by more than one model (i.e. 
neo-DarWinism or OSES). HoWever, there also exists data of 
a different type Wherein mutational accumulation does not 
alWays proceed in sync With the early stages (i.e. “initiation”) 
or latter stages (i.e. “progression”) of cancer development. 
Such ?ndings, as Will be described in part are dif?cult to 
reconcile by a classical neo-DarWinian paradigm Which, by 
de?nition, invokes selection as the primary explanation for 
the presence, in large numbers of cells, of mutations that 
Would otherWise be rarely found. 
[0077] For example, there are some neWly described enig 
matic cancer-related phenomena Wherein the presence of 
detectable mutations at an early stage of cancer development 
does not alWays signify “selection”. Namely, a variety of 

Jan. 22, 2009 

genomic alterations have been detected not only in cancer 
cells but surprisingly also in synchronous histologically nor 
mal cells of the same tissue type (e. g., loss of heteroZygosity 
(OH) of WT-1 or hypermethylation of H1 9 in kidney, LOH of 
breast cancer-related loci in mammary gland, and mutator 
phenotype (UT) defects in colon) (Parsons et al “Mismatch 
Repair De?ciency in Phenotypically Normal Human Cells”, 
Science (Washington DC), 268: 738-740 (1995); Chao et al, 
“Genetic mosaicism in normal tissues of Wilms’ tumor 
patients”, Nature Genet, 3: 127-131 (1993); Moulton et al, 
“Epigenetic lesions at the H19 locus in Wilms’ tumor 
patients”, Nature Genet, 7: 440-447 (1994). Deng et al, “Loss 
of HeteroZygosity in Normal Tissue Adjacent to Breast Car 
cinomas”, Science (Washington DC), 274: 2057-2059 
(1996)). By conventional models, rare mutations become 
detectable predominantly by selection alone. Accordingly, 
the data mentioned above provide someWhat of a paradox for 
conventional thinking Which considers detectable mutations 
by de?nition to be selectively advantageous, and that those 
non-neoplastic cells harboring such genetic changes should 
therefore display some evidence of “overgroWt ” histopa 
thologyia prediction Which is not supported by these men 
tioned studies. These ?ndings are, hoWever, consistent With 
the OSES model Which predicts that mutations act in “initia 
tion” not by accumulating in and promoting groWth of future 
cancer cells (i.e. stem cells) but rather by causing genetic 
changes in neighboring non-stem cells Which impair their 
differentiation capabilityia process that in turn leads to an 
altered tissue milieu predisposing to symmetric stem cell 
mitoses. In this manner, there should be a lag period charac 
teriZed by detectable mutagenesis (folloWed by aberrant dif 
ferentiation) before any histopathologic evidence of prolif 
erative activity is evident. This scenario predicted by the 
OSES model, unlike the one predicted by conventional mod 
els, is consistent With the mentioned studies. 

[0078] In a related manner, there are several other reports, 
as alluded to, Wherein mutations also do not entirely correlate 
With the latter stages cancer evolution. For example, a subset 
of human colorectal tumors possess functional alterations at 
some cancer-related loci (e. g., c-K-RAS or T?53) in “benign” 
but surprisingly not in adjacent “cancerous” regions (Shibata 
et al, “Genetic Heterogeneity of the c-K-ras Locus in is Col 
orectal Adenomas but not in Adenocarcinomas”, .1. Natl. Can 
cer Inst, 85: 1058-1062 (1993); Ohue et al, “A Frequent 
Alteration of p53 Gene in Carcinoma in Adenoma of Colon”, 
Cancer Res., 54: 4798-4804 (1994); Kaklamanis et al, “p53 
Expression in ColorectalAdenomas”, Am. J. Path. 142: 87-93 
(1993)). Similarly, LOH at various loci have been detected in 
pre-invasive but not adjoining invasive regions of a subset of 
human breast carcinomas (O’Connell et al, “Molecular 
genetic studies of early breast cancer evolution”, Breast Can 
cer Res. Treat, 32: 5-12 (1994)). In a related manner, a subset 
of primary gastric tumors With mutant TP53 display only 
Wildtype TP53 at metastatic foci (Strickler et al, “p53 Muta 
tions and Microsatellite Instability in Sporadic Gastric Can 
cer: When. Guardians Fail”, Cancer Res., 54: 4750-4755 
(1994)). By the OSES model “cancerous” cells could, upon 
induction by local differentiation-inducing signals (as men 
tioned in the previous section) pass on a “neutral” mutation to 
a large population of its “benign” progeny. This idea Would 
explain the seemingly enigmatic presence of certain muta 
tions in a “less-cancerous” region but not in a correspond 
ingly “more-cancerous” region. By conventional thinking 
hoWever, one may have to infer from these data that either 
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cells within “more-cancerous” regions had not arisen from 
ones within less-cancerous” regions, or that neoplastic cells 
wild-type at a given locus had somehow out-competed their 
corresponding mutant. By either of these explanations, the 
classic clonal selection hypothesis by Nowell is violated 
(Nowell, “The Clonal Evolution of Tumor Cell Populations”, 
Science (Washington DC), 194: 23-28 (1976)). Accordingly, 
in an effort to maintain a neo-Darwinian model, one may have 
to speculate that a “surreptitious” mutator phenotype (MP) 
like mechanism may have acted in a (seemingly wild-type) 
clone to enable its selection over detectably-mutant competi 
torsian idea which awaits experimental support. However, 
while combining conventional genetic alterations (e.g., in 
c-K-RAS or TP53) with an MP-hike mechanism might 
appear to provide an adequate neo-Darwinian explanation for 
these data, this idea clashes with observations that these dis 
tinct mutational mechanisms usually do not coexist within the 
same tumor (Perucho, “Microsatellite instability: The muta 
tor that mutates the other mutator”, Nature Med., 2: 630-631 
(1996). Accordingly, conventional neo -Darwinian models do 
not adequately account for these mentioned cases4cases 
which are more completely explained by the OSES model. 
[0079] A discussion of some of the testable differences 
between the OSES and conventional models is set forth 
below. 

Testable Differences Between the OSES and 
Conventional Cancer Models 

[0080] There are a number of testable differences between 
the OSES model and conventional cancer models. Some of 
these differences are discussed below. 
[0081] The expression pro?le of a stem cell is inherited en 
bloc by a cancer cell. Based on the proposal that a one-step 
epigenetic switch (OSES) from asymmetric to symmetric 
stem cell mitosis is responsible for the birth of a cancer cell, 
it follows from such a model that cancer cells will inherit an 
expression pro?le largely en bloc from stem cells. In this 
manner, the expression pro?le of a cancer cell will be gener 
ally the same as that for a stem cell, i.e., no major epigenetic 
or mutational alterations will be incurred, with the caveat that 
a stem cell by virtue of its environmental sequestration passes 
its phenotypic state on to only one of its daughter cells via 
asymmetric mitosis whereas a cancer cell (i.e., symmetri 
cally-dividing stem cell) passes its inherited stem cell pheno 
typic state on to both daughter cells via symmetric mitosis 
unless extrinsically induced to transiently divide asymmetri 
cally by local signals. In contradistinction to previously 
described epigenetic models as well as current neo-Darwin 
ian models for cancer which each invoke a stepwise accumu 
lation of heritable cellular alterations in the evolution of a 
cancer cell, the OSES model depicts the cancer cell pheno 
type not as a collection of mutational and/ or epigenetic traits 
acquired in a stochastic piecemeal fashion but rather as a state 
inherited directly from a stem cell precursor in one step with 
out the need for further changes (Holliday, “A New Theory of 
Carcinogenesis”, Br. J. Cancer, 40:513-522 (1979); Rubin, 
“Cancer as a Dynamic Developmental Disorder”, Cancer 
Res., 45:2935-2942 (1985); Vogelstein et al, “The multistep 
nature of cancer”, Trends Genet., 9: 138-141 (1993)). 
[0082] Differentiation-Related Genes are Inherited by Can 
cer Cells from Stem Cells Largely in an Epigenetically 
Down-Regulated State. 
[0083] Genes which do not function in maintenance of the 
stem cell phenotype (e.g., genes involved in enactment of 
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differentiation/ asymmetric mitosis) are likely to be normally 
down-regulated in stem cells during most of their cell cycle 
until G1 -S at which time they become up regulated in prepa 
ration for asymmetric production of differentiated progeny 
(Villarreal, “Relationship of Eukaryotic DNA Replication to 
Committed Gene Expression: General Theory for Gene Con 
trol”, Microbiol. Rev., 512-542 (1991)). There fore, according 
to the OSES model differentiation-related gene complexes 
will be inherited by cancer cells from stem cells en bloc in an 
epigenetically down-regulated state. In this manner, stochas 
tic acquisition by cancer cells of mutations to differentiation 
related loci would not initially be expected to endow them 
with any particular selective advantage (or disadvantage) 
since these gene complexes should be down-regulated/unex 
pressed anyway. However, by the OSES model, if a cancer 
cell was subsequently extrinsically induced by local signals to 
asymmetrically produce differentiated progeny then its dif 
ferentiation-related genes would be predicted to become tran 
siently up-regulated. If these genes had been signi?cantly 
mutationally damaged while unexpressed then sub sequent 
up-regulation of such mutant genes upon enactment of a 
proper differentiation program would lead to a defective dif 
ferentiation capability thereby endowing such mutant cancer 
cells with a selective growth advantage over their differenti 
ating neighbors. 
[0084] There is evidence in support of these proposals, i.e. 
that a cancer cell expression pro?le is inherited en bloc from 
a stem cell and that differentiation-related pathways in par 
ticular are inherited by a cancer cell from a stem cell in a 
down-regulated-state. For example, the are a number of 
reports indicating that certain gene complexes, namely those 
involved in differentiation, may be largely down-regulated in 
stem cells for the majority of their cell cycle (Wolpert, L., 
Stem cells: a problem in asymmetry, J. Cell Sci. Suppl, 
10: 1-9 (1988); Villarreal, “Relationship of Eukaryotic DNA 
Replication to Committed Gene Expression: General Theory 
for Gene Control”, Microbiol. Rev., 512-542 (1991)). It fol 
lows from the OSES model that a cancer cell should maintain 
the expression pro?le of its precursor stem cell and therefore 
be expected to harbor such gene complexes in their native 
down-regulated state. Demonstration that certain differentia 
tion-related genes are initially epigenetically down-regulated 
in both stem cells and cancer-cells, then up-regulated during 
(stem cell or cancer cell) differentiation, and subsequently 
mutated following the birth of a cancer cell rather than before 
is consistent with and strongly supportive of a temporal sce 
nario predicted by an OSES model for carcinogenesis. 
[0085] The OSES cancer model can be further substanti 
ated by studying differentiation-related gene complexes, e. g., 
TS suppressor gene complexes. There is evidence that several 
tumor suppressor genes (TS’s), i.e., genes notoriously found 
mutationally inactivated or deleted in cancer cells, may com 
prise one such group of genes that normally functions in 
enactment of differentiation/cell lineage development 
(Schmid et al, “Expression of p53 during mouse embryogen 
esis”, Development, 113:857-865 (1991); Kent et al, “The 
evolution of WT1 sequence and expression pattern in the 
vertebrates”, Oncogene, 11:1781-1792 (1995); Cordon 
Cardo et al, “Expression of the retinoblastoma protein is 
regulated in normal human tissues”, Am. .1. Path., 114:500 
510 (1994); Marquis et al, “The developmental pattern of 
Brca1 expression implies a role in differentiation of the breast 
and other tissues”, Nat. Genet., 11:17-26 (1995)). 
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[0086] Such investigation Would include, e.g., experiments 
studying Whether TS’s are largely doWn-regulated in stem 
cells (during the majority of their cell cycle); if TS’s are 
initially epigenetically doWn-regulated in cancer cells (i.e., 
re?ecting a state inherited directly from stem cells); and 
Whether mutational inactivation of TS’s in cancer cells occurs 
subsequent to an initial epigenetically doWn-regulated state. 
While the results of any one of these experiments alone might 
not be su?icient to differentiate betWeen a neo-DarWinian and 
an OSES model, demonstration of all three conditions in a 
given tumor Would provide strong evidence in support of the 
validity of an OSES model. 

[0087] Findings Which Would Support Novel Predictions of 
OSES Model. 

[0088] l.Are TS’s Largely Down-Regulated in Stem Cells? 
[0089] There is evidence, arising largely from a combina 
tion of experimental analyses sought to determine both 
endogenous TS expression as Well as the consequences of 
loss of TS function, that several TS’s can play key roles in 
directing proper development of embryonic as Well as adult 
tissues. For example, TP53 has been shoWn to function in 
normal hematopoiesis, WT-1 in early mesodermal differen 
tiation and kidney development, RB-l in developing CNS 
and hematopoietic systems, and BRCA-l during mammary 
gland morphogenesis. Moreover, expression level differences 
in TP53, WT-1, and RB-l betWeen proliferating precursor 
cell compartments and their early maturing progeny have led 
some to propose that timely expression level changes of cer 
tain TS’s in potent cells may be a prerequisite for the devel 
opmentally-controlled sWitch from proliferation to differen 
tiation (Schmid et al, “Expression of p53 during mouse 
embryogenesis”, Development, 1 13:857-865 (1991); Kent et 
al, “The evolution of WT1 sequence and expression pattern in 
the vertebrates”, Oncogene, 11:1781-1792 (1995); Cordon 
Cardo et al, “Expression of the retinoblastoma protein is 
regulated in normal human tissues”, Am. J. Path, 114:500 
510 (1994); Marquis et al “The developmental pattern of 
Brcal expression implies a role in differentiation of the breast 
and other tissues”, Nat. Genet., 11:17-26 (1995)). It Would 
folloW from such a model that if upregulation of certain TS’s 
and/or their pathWays led to enactment of a differentiation 
program then a native doWn-regulated state for TS’s and/or 
their pathWays Would be expected to exist in non-differenti 
ating proliferating cells (i.e., embryonic precursor cells or 
adult stem cells). That TS’s can indeed provoke cell differen 
tiation is an idea supported by certain in vitro studies illus 
trating that up-regulation of TS’s (e.g., TP53) induces (epi 
thelial and hematopoietic) differentiation While expression of 
mutant TS’s (e.g., TP53) can lead to aberrant (thyroid cell) 
differentiation (Soddu et al, “Wild Type p53 Gene Expression 
Induces Granulocytic Differentiation of HL-60 Cells”, 
Blood, 83:2230-2237 (1994); Battista et al, “A mutated p53 
gene alters thyroid cell differentiation”, Oncogene, 11:2029 
2037 (1995); Sherley et al, “Expression of the Wild type p53 
anti-oncogene induces guanine nucleotide-dependent stem 
cell division kinetics”, Proc. Natl. Acad. Sci. USA, 92:136 
140 (1995)). 
[0090] While the mechanism by Which either transient or 
permanent expression level changes of certain TS’s and/or 
their pathWays can effect cell differentiation has yet to be 
determined, there is some preliminary experimental evidence 
that this process can result from TS-induction of stem cells to 
produce progeny destined to differentiate via an asymmetric 
mitotic mechanism. Namely, Sherley et al have recently 
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shoWn that up-regulation of p53 causes immortalized murine 
epithelial cells to sWitch from an exponential to a linear 
groWth pattern. Demonstration that quiescent but viable cell 
progeny are produced folloWing this sWitch indicates that 
adoption of division kinetics characteristic of reneWing stem 
cells, rather than that of cell senescence, might be the most 
accurate explanation for these ?ndings. Moreover, division 
history analysis of single p53-induced cells plated at loW 
density demonstrates indeed that a non-random mitotic pro 
cess (i.e., maintenance of one immortal daughter cell) char 
acteristic of asymmetric stem cell mitosis Was responsible for 
the p53-induced change, in cellular groWth kinetics (Sherley 
et al, “Expression of the Wild type p53 antioncogene induces 
guanine nucleotide-dependent stem cell division kinetics”, 
Proc. Natl. Acad. Sci. USA, 92:13&140 (1995)). 
[0091] Related experiments using inducible constructs of 
additional TS’s should determine Whether or not enactment of 
asymmetric mitosis’ is a common mechanism, of action for 
these genes. In addition, temporal and spatial localiZation of 
TS gene products in reneWing tissues may ultimately deter 
mine Whether these genes function speci?cally as inducers of 
asymmetric stem cell mitosis in vivo as predicted by the 
OSES model. By such a model, TS expression level changes 
Would be expected to be detectable at the interface betWeen 
reneWing stem cells and early maturing stem cell progeny 
With or Without maintenance of this expression level change 
in late maturing cells. Interestingly, up-regulation of p53 
expression has been detected predominantly during early dif 
ferentiation events of mouse embryogenesis and decreased 
during terminal differentiation (Schmid et al, “Expression of 
p53 during mouse embryogenesis”, Development, 113:857 
865 (1991)). In addition, WT-1 is expressed in mesenchymal 
stem cells and immature epithelial cells during vertebrate 
development and largely doWn-regulated in maturing prog 
eny (Kent et al, “The evolution of WT1 sequence and expres 
sion pattern in the vertebrates”, Oncogene, 11: 1781-1792 
(1995)). Similarly, RB-l expression is also con?ned to dis 
tinguishable-compartments in developing adult tissues (Cor 
don-Cardo et al, “Expression of the retinoblastoma protein is 
regulated in normal human tissues”, Am. .1. Path, 114:500 
510 (1994)). Namely, cells of strati?ed epithelia display pRB 
expression in maturing suprabasal layers Whereas the basal 
layer shoWs loWer expression levels (Cordon-Cardo, C., and 
Richon, V. M. Expression of the retinoblastoma protein is 
regulated in normal human tissues, Am. .1. Path, 114:500-510 
(1994)). Further elucidation of the doWnstream molecular 
elements leading to TS-induced changes in cell groWth kinet 
ics should con?rm Whether the action of certain TS’s involves 
a one step sWitch in mitotic mode. 

[0092] 2. Are TS’s Initially Epigenetically DoWn-Regu 
lated in Cancer Cells? 

[0093] If TS’s do normally play a role in maintaining the 
division kinetics of reneWing stem cells in maturing mamma 
lian tissues, then it Would folloW that TS’s and/or their path 
Ways should be largely doWn-regulated in stem cells during 
the majority of their cell cycle. Since by the OSES model 
cancer cells inherit the expression pro?le of stem cells en bloc 
genes Which are natively doWn-regulated in stem cells (e. g., 
TS’s) should be correspondingly unexpressed in cancer cells. 
While direct evidence for such a proposal remains to be 
demonstrated, there are a variety of data suggesting that 
expression of certain TS’s and/or their pathWays may be 
altered and in some cases doWn-regulated in certain tumors 
Without an obvious mutational cause for this. For example, 
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there is a subset of tumors in Which epigenetic doWn-regula 
tion of a Wild type TS has been offered as a mechanism to 

explain the enigmatic presence of loss of heteroZygosity 
(LOH) of a TS accompanied by a seemingly Wild type 
remaining allele (e.g., in the case of TP53, WT-1, and RB-1) 
(Feinberg, “Genomic imprinting and gene activation in 
human cancer”, Nat. Genet., 2:110-113 (1993)). While 
de?nitive evidence for altered expression of Wild type WT-1 
or RB-l remains to be demonstrated in these cases, altered 
p53 protein expression Without detectable concomitant 
somatic TP53 mutation has indeed been described in a variety 
of human tumor specimens of hematologic, colonic, and pitu 
itary origin. While these results had originally been attributed 
simply to insuf?cient TP53 sequence analyses, more rigorous 
genomic sequencing coupled With the reproducibility of these 
?ndings by several independent laboratories indicates that 
altered regulation of Wild type TS expression, at least in the 
case of TP53, is an actual cancer-related phenomenon for 
Which alternative mechanisms might be required to 
adequately explain (Ohue et al, “A Frequent Alteration of p53 
Gene in Carcinoma in Adenoma of Colon”, Cancer Res., 
54:4798-4804 (1994); Kaklamanis et al, “p53 Expression in 
Colorectal Adenomas”, Am. .1. Path., 142:87-93 (1993)); 
Levy et al, “p53 gene mutations in pituitary adenomas: rare 
events”, Clin. Endocrinology, 41:809-814 (1994); Greenblatt 
et al, “Mutations in the p53 Tumor Suppressor Gene; Clues to 
Cancer Etiology and Molecular Pathogenesis”, Cancer Res., 
54:4855-4878 (1994); Ueda et al, “Functional inactivation 
but not structural mutation of p53 causes liver cancer”, Nat. 
Genet., 9:4147 (1995)). Some other possible explanations 
offered for such ?ndings Within the con?nes of a conventional 
mutation-selection model include altered splicing or pro 
moter-region mutations causing changes in Wild type TP53 
expression. While these hypothetical mechanisms certainly 
remain viable until adequately tested, they do not appear 
capable of accounting for all cases of cancer-related expres 
sion changes in Wild type TS’s. Namely, While doWn-regula 
tion of Wild type BRCA-l mRNA has been reported in a 
number of sporadic human breast cancers, close inspection 
reveals that both differential splicing and promoter region 
mutations are unlikely explanations for such ?ndings. 
Accordingly, it has been proposed that mutational inactiva 
tion of a BRCA-l regulatory gene might be another conceiv 
able explanation, Within the boundaries of conventional 
mutation-selection, for these seemingly enigmatic data (Th 
ompson et al, “Decreased expression of BRCA-l accelerates 
groWth and is often present during sporadic breast cancer 
progression”, Nat. Genet., 9:444-450 (1995)). HoWever, 
these ?ndings are precisely those to be expected by an OSES 
model Wherein certain TS’s are initially epigenetically doWn 
regulated in cancer cells. 

[0094] One potential problem With the conventional model 
Which is forced to invoke mutational inactivation of unexam 
ined loci (in this case regulatory genes) prior to actually 
demonstrating its presence, as With the case of implicating a 
MP process, is that such notions are virtually impossible to 
Wholly disprove. Accordingly, other models should at least be 
considered. Namely, epigenetic doWn-regulation might be 
another explanation for the ?n-ding of an unexpressed Wild 
type TS in certain tumors. This is not the ?rst time such a 
proposal has been offered (Feinberg, “Genomic imprinting 
and gene activation in human cancer”, Nat. Genet., 2:1 10-13 
(1993)). Namely, reports that alterations in p53' protein accu 
mulation present at the onset of certain early sporadic colonic 
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neoplasms prior to the occurrence of any major mutational 
damage has led some to invoke a non-mutational mechanism 
for these p53 expression level alterations (Greenblatt et al, 
“Mutations in the p53 Tumor Suppressor Gene: Clues to 
Cancer Etiology and Molecular Pathogenesis”, Cancer Res., 
54:4855-4878 (1994)). While an epigenetic etiology for a 
change in TS expression could in theory re?ect either a gen 
eraliZed neo-DarWinian or an OSES process, an OSES 
‘model Would be ’ the favored explanation if epi genetic doWn 
regulation of a given TS Was demonstrated in both tumor cell 
as Well as stem cell of the same tissue type, i.e., circumstantial 
evidence for direct inheritance. Even more convincing for an 
OSES model Would be demonstration that certain TS muta 
tion’s had occurred subsequent to an initial epigenetically 
doWn-regulated state. 
[0095] 3. Does Mutational Inactivation of TS’s in Cancer 
Cells Occur Subsequent to an Initial Epigenetically DoWn 
Regulated State? 
[0096] By the OSES model, cancer cells are susceptible to 
reversion via the inducing effects of local “differentiation 
signals”. Therefore, those cancer cells situated at the periph 
ery of a groWing neoplastic mass should be most subject to 
differentiation/ reversion and thus more prone to selection for 
mutant differentiation-defective outgroWths than their more 
centrally-located counterparts. In this manner, as mentioned, 
those mutants situated at the periphery of a tumor might 
effectively “shield” a smaller subpopulation of centrally-lo 
cated cancer cells from differentiation induction, (i.e., selec 
tion) thereby allowing such cells to preserve their genetic 
integrity and thus harbor the hard evidence for an OSES 
origin for cancer. Accordingly, there may exist only a small 
WindoW of opportunity during the initial phases of spontane 
ous tumor development and only a small centrally-located 
stem line of cells for Which to demonstrate experimentally the 
prediction by the OSES model that epigenesis precedes 
mutagenesis. 
[0097] There is at least one particular experiment Which 
may demonstrate such a related phenomenon. Namely, in 
liver cancers derived from transgenic mice expressing a 
single hepatitis B virus (HBV) transgene, the encoded viral 
protein, HBx, binds p53 protein and prevents its entrance into 
the nucleus thereby effectively epigenetically doWn-regulat 
ing the p53 pathWay. Interestingly, hoWever, is that While 
analysis of tumor cell DNA derived from early lesions reveals 
no evidence of p53 mutation (a ?nding consistent With an 
epigenetic mechanism for its doWn-regulation), more 
advanced lesions do display a small number of cells With 
acquired TP53 base substitutions, a process Which apparently 
occurred subsequent to an initially epigenetically doWn-regu 
lated TP53 state (U eda et al, “Functional inactivation but not 
structural mutation of p53 causes liver cancer”, Nat. Genet., 
9:4147 (1995)). By conventional models, it is not abundantly 
clear Why epigenetic inactivation of a cancer-related gene 
Would be folloWed by its mutational inactivation during 
tumor “progression”, i.e., Why Would there be selection for 
mutational inactivation of a gene Which Was already (epige 
netically) inactivated? One potential explanation consistent 
With conventional models is that epigenetic inactivation pro 
vides an initial groWth advantage to cells but is not as absolute 
as mutational inactivation (Ueda et al, “Functional inactiva 
tion but not structural mutation of p53 causes liver cancer”, 
Nat. Genet., 9:41 -47 (1 995)). HoWever, this idea like that ofa 
MP is dif?cult to disprove. Moreover, that transdifferentia 
tion of one mature cell type to another is not a common 




















































