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Abstract

To protect the public’s health from exposure to physical, chemical, and microbiological agents, it is important that any policy be
based on rigorous scientifically based research. The concept of “linear no-threshold” (LNT) has been implemented to provide
guideline exposures to these agents. The practical limitation to testing this hypothesis is to provide sufficient samples for
experimental or epidemiological studies. While there is no universally accepted understanding of most human diseases, there
seems to be better understanding of cancer that might help resolve the “LNT” model. The public’s concern, after being exposed
to radiation, is the potential of producing cancer. The most rigorous hypothesis of human carcinogenesis is the “multistage,
multimechanism” chemical carcinogenesis model. The radiation carcinogenesis LNT model, rarely, if ever, built it into their
support. It will be argued that this multistage, multimechanism model of carcinogenesis, involving the “initiation” of a single cell by
a mutagen event, followed by chronic exposure to threshold levels of epigenetic agents or conditions that stimulate the clonal
expansion of the “initiated” cell, can convert these benign cells to become invasive and metastatic. This “promotion” process can
be interrupted, thereby preventing these initiated cells from transitioning to the “progression” process of invasion and metastasis.
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“Unfortunately, the inherent limitations of epidemiology make information. Given that there has been no rigorous resolution
it extremely difficult to directly quantify health risks from these of the question: “Is there a threshold or not for radiation, as it
exposures. . . . Interactions between radiation epidemiologists pertains to the induction of cancer?” Since the early observa-
and radiation biologists will become increasingly important tions that individuals exposed to radiation were at risk of can-

as the field focuses more on the effects of low doses of

1

cer, the widespread therapeutic use or the large numbers of
individuals exposed to the atomic bombs in Hiroshima and
Nagasaki only heightened the concern that any exposure might
increase the risk of cancer. Even in the case where radiations

I d . What C Radiati were used to treat cancers, there always was the concern that
ntroduction: at Can Radiation the “side effects” of that therapy, while also leading to non-
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new cancers. The practical limitations for experimental testing
of very low level acute or chronic exposures, as well as differ-
ent dose rates, prevented the resolution of the problem. For a
number of other reasons, even in the thorough studies of the
many humans exposed to the atomic bombs,” there is no
unequivocal answer that there is or is not a threshold for
radiation-induced carcinogenesis.

Since the assumed “driving factors” in radiation carcino-
genesis has been the induction of gene and chromosomal
mutations, almost all of the experimental animal studies
focused on the molecular and cellular in vitro and in vivo
mutation assays. However, while additional problems have
clouded even those results, namely, these various in vitro and
in vivo mutation assays were themselves not easily inter-
preted. Each one of these assays, such as the thymidine kinase
minus assay, sister chromatid assay, hypoxanthine-guanine
phosphoribosyl transferase assay, and Pig-a (phosphatidylino-
sitol N-acetylglucosaminyltransferase, subunit A), had built-
in artifacts that prevented clean interpretation that “positive”
results always meant a true mutation had resulted in the phe-
notype recovered.””

However, even those problems appear not to be the main
deterrent in resolving the issue of thresholds or not. Underlying
the concept that radiation “causes” cancer is that the radiation-
induced genomic DNA damage that led to the mutation was all
that was needed to produce that cancer and the “cancer stem
cell.”® Rarely, if ever, in those early radiation carcinogenesis
studies, does one find discussions of other nonmutagenic
mechanisms.

It is here that one sees that the 3 different fields of studying
the induction of cancer, namely, radiations, chemicals, and
microbes (viruses, parasites, and bacteria), have not paid much
attention to each other. This author, having been trained in
radiation-induced DNA damage/repair and mutagenesis at Oak
Ridge National Laboratory, then switched fields to study chem-
ical carcinogenesis at the McArdle Laboratory for Cancer
Research at the University of Wisconsin and went to the Radia-
tion Effects Research Foundation-Hiroshima/Nagasaki to
examine the atomic bomb survivor results, saw that the experi-
mental mechanistic studies and concepts, which came out of
the chemical carcinogenesis studies, were not being used to
design or interpret radiation carcinogenesis studies.

Only a few radiation carcinogenesis studies, using the major
concept that came out of the multistage, multimechanism con-
cept of chemical carcinogenesis, had been reported.”* Specif-
ically, this chemical carcinogenesis concept led to 3 distinct
phases that occurred in a single normal cell when it was con-
verted to an invasive, metastatic cancer cell.””!' These 3 phases
were referred to as the “initiation” phase, the “promotion”
phase, and the “progression” phase. Clearly, from the chemical
carcinogenesis understanding of the 3 phases, the “initiation”
phase was caused by an “irreversible event” or possibly a
“mutagenic” event, whereas the “promotion” mechanism was
a nonmutagenic or “epigenetic” mechanism. Yet looking at the
finding of the atomic bomb survivors in 1990, it was apparent
that the acute exposure to ionizing radiation was significantly

affected by other nonmutagenic or “epigenetic” factors.'*"'

So, it now becomes apparent that it is not a question that “Does
radiation contribute to the multistage, multimechanism carci-
nogenesis process?”, but “Which step or steps can acute radia-
tion, at any dose/rate level, contribute to the carcinogenic
process?” At this early stage of this discussion, since ionizing
radiation can induce chromosomal mutations,16 can an irrever-
sible event, might it be the “initiator” in any cancer found in the
exposed human? Might ionizing radiation be a “promoter”? If
so, are each of these steps with or without “thresholds”?

Can the Resolution to the “LNT” Versus the
“Threshold” Hypotheses Be Done With
More Experiments?

The history of the biological effects of the exposures of radia-
tion and chemicals has been hotly debated by proponents of the
linear versus the threshold concepts.'”'® These opposing con-
cepts have been supported by numerous experimental and con-
ceptual arguments.'**? Somehow a linear no-threshold (LNT)
concept seems to have influenced regulatory agencies around
the world, in spite of (1) serious errors in the “scientific” evi-
dence used to support the LNT concept, (2) questionable per-
sonal interpretation and support of these interpretations, (3) the
lack of the incorporation of modern experimental and concep-
tual understanding of human pathologies associated with expo-
sures to these physical and biological effects, and (4) even
alleged unprofessional behavior of some of the major players
in this important debate that has influenced global public pol-
icies on the use/exposures to these agents.'’

Rather than adding to or criticizing all the efforts to examine
the personal and social events that have taken place in the
historical examination of these 2 opposing hypotheses as to
how exposures to a “one hit” or protracted but identical total
exposures, low-dose exposure, varying dose rate or
concentration-dependent exposure, or any other variable that
has been studied, an attempt will be made to answer the ques-
tion: “What experiment(s) need to be done today to help
resolve this important public health issue?” The simple, but
brash and concise, response to this question is: No experiments
need to be done, because the answer already exists in the
scientific literature. While not all human toxicological
mechanisms of molecular or biological end points (mutations,
cytotoxicities, and epigenetic alterations of gene expressions)
or their roles in all pathologies are known to date, the example
of human cancer will be examined from the standpoint of sup-
porting or not the LNT hypothesis.

No One “Thing” Causes Human Cancers

When one examines the public’s concern about exposures to
any known or suspected toxic agent (radiation, chemicals, and
viruses), 2 of their major worries are: “Will it cause birth
defects in my children”; “Will I get cancer?” Since the amount
of scientific research on cancers seems to overwhelm the
amount of research on any other human pathology, the
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experimental findings on genetic, molecular, cellular, and ani-
mal factors in the carcinogenetic mechanisms seem to strongly
support the contention that these toxic factors do not support
the LNT concept. In addition, while not as much research has
been done on birth defects, there seems to be some sharing of
common mechanisms leading to a toxic agent’s ability to be
involved in the carcinogenic process, as well as in the terato-
genic process.23

Some of the early observations of the formation of cancers
has led to the operational concepts that carcinogenesis is a
“multistep, multimechanism process,” consisting of the
“initiation” of a single cell in the body, followed by the ampli-
fication or “promotion” of that single “initiated” cell into a
benign clone and the subsequent conversion of one of these
cells into an invasive and metastatic malignant cancer cell, the
“progression” step.””'!'** This evolutionary process requires
very different underlying molecular, biochemical, cellular
mechanisms, which includes mutagenic, cytotoxic, and
“epigenetic” mechanisms, affecting a number of genes in the
nuclear and mitochondrial genomes.*

From the operational level of these 3 steps of carcinogenesis,
it appears that all cancers are the result of being “initiated” from
a single cell in the body (stem cell hypothesis).>*>* By the time a
tumor is identified, it is already a collection of cells with differ-
ent genotypes and phenotypes.®> There are 2 very fundamental
questions that need to be identified at this point: (1) “What is the
mechanism of this operational ‘initiated’ cell?”’; (2) “Are all the
cells (the estimated numbers being about a couple hundred tril-
lions®**7) in the human body ‘target’ cells to be initiated?”.

Operationally, the initiation stage seems to be “irreversible.”
This suggests that the molecular mechanism might be
“mutagenesis.” However, as can be noted, a stable “epigenetic”
mechanism might cause a gene to be stably expressed or
repressed. (To define the term, “epigenetic,” as being able to
alter the expression of a gene at the transcriptional, transla-
tional, or posttranslational level is important at this point)

It is here that one of the contentious criticisms of what
constitutes a mutation. While, until recently, mutations were
classified by altered phenotypes of cells growth and treated in
vitro, such as the hypoxanthine-guanine phosphoribosyl trans-
ferase assay or 6-thioguine- resistant phenotype; the Na/K
ATPase or ouabain-resistant phenotype; the thymidine
kinase-resistant phenotype; or the PIG-a (phosphatidylinositol
N-acetylglucosaminyltransferase, subunit A), assay. In other
words, by growing normal cells in vitro and exposing them
to any presumptive “cancer-associated” chemical or physical
agent, one could recover from the wild-type cells, cells that
have the resistant phenotypes. In the past, an agent has been
interpreted as “mutagenic” or “genotoxic,” if it induced the
resistant phenotypes. Other “genotoxic” end points, also, have
been used, such as the “sister chromatid exchange” assay”* and
the “micronuclease” assay.>® The classic use of bacterial in
vitro assays to detect mutations, which originated in the paper,
“Are carcinogens mutagens,”* will not be discussed here
because bacterial cells are simply not cellular surrogates for
human cells.

Unfortunately, 3 of these phenotypes in vitro mutation
assays (TK-, 6-thioguine resistant, and PIG-a assay) can be the
result of either a real mutation or by an epigenetic repression of
the gene.” Most of the interpretation of these results, when
these end points are used, never make the alternative explana-
tion, other than that these phenotypes are the result of only
mutations.

Another “red herring” in the classification of an agent asso-
ciated with the formation of cancer is that some agents are “very
weak” mutagens. When normal population of cells is exposed to
such an agent, such as phenobarbital, phorbol ester, and Dichlor-
odiphenyltrichloroethane (DDT), a few resistant phenotypes can
be found. Rarely, in the interpretation of these kinds of results,
there is a possibility that this class of “weak mutagens” is
thought of as nonmutagenic chemicals that promote the preex-
isting, spontaneously initiate cell. Probably, the example of lung
cancers found in persons never having been exposed to tobacco
smoke, either as a smoker or a downstream target.*'™*

The issue here is the assumption that the pyrolytic chemicals
from tobacco smoking are “carcinogenic” or “mutagenic.”
While there are hundreds of chemicals found in burning
tobacco, and many are known to induce oxidative stress, induce
macromolecular damage, including DNA damage, and when
tested in these imperfect in vitro genotoxicity tests, many are
interpreted as “positive.” In early tests of many of these
“carcinogenic” compounds, such as benzo(a)pyrene, as well
as other animal “carcinogens,” that is, 7,12-Dmethylbenz[a]an-
thracene, results challenged the assumption that they were
“mutagenic.”***3

Further, the epidemiological studies that indicated the risks
to lung cancers in smokers were dramatically reduced after
stopping smoking.*® In other words, if years of smoking had
caused irreversible mutations in the lung cells, one would not
be able to explain why the stopping of exposure to these che-
micals would stop the lung carcinogenic process. A more rea-
sonable interpretation is that a spontaneous mutation in a cell,
which “initiated” that cell, was “promoted” by long-term,
threshold-enhancing clonal expansion of that cell until expo-
sure to these nonmutagenic chemicals was terminated (more on
this idea later). Clearly, the “promotion” process itself can be
interrupted or possibly even reversed.*’

In a study that is rarely cited, Thilly showed that, after
analysis of the molecular changes found an oncogene in lung
cancers of smokers and nonsmokers, the molecular change seen
in the mutated oncogene was identical.*' One reasonable inter-
pretation is that the identical mutation in the oncogene found in
both the smoker and nonsmoker seems to be a spontaneous
mutation, caused by an “error of DNA replication,” not due
to an “error of DNA repair” of DNA damage caused by the
pyrolyzed tobacco. These 2 means of inducing mutations are
rarely mentioned when the roles of mutations are invoked in the
pathogenesis of any disease, including cancer. The demonstra-
tion that the human skin cancer-prone syndrome, xeroderma
pigmentosum,*® which lacks the ability to repair UV light—
induced pyrimidine dimers in the DNA of exposed skin cells,*’
has genomic mutations found in these cells’' and that the
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mutations are associated with the lack of repair of these pyr-
imidine dimers.> The mutations in the cells of this cancer-
prone syndrome are referred to as “errors of DNA repair.” It
must be mentioned that UV light exposure to the skin leads to
the most frequent form of cancer, skin cancer. All of us, espe-
cially light-skinned individuals and individuals living and
working in strong UV light areas of the globe, have initiated
skin cells, but not all of sun exposed have skin cancers. This
suggests that just having “initiated cells” in any organ does not
necessarily lead to cancer. Initiation of a single cell, with the
mutation that is the first step in the multistage, multimechanism
process of human carcinogenesis, must be followed by the
promotion step.

On the other hand, the Blooms syndrome,” another cancer-
prone syndrome for a wide variety of different types of cancer, has
been shown to form mutations as a result of “errors of DNA
replication.”* In other words, every time a cell in this syndrome
replicates, there is a finite chance a mutation is the result of an
“error of DNA replication.” This would be especially the case if
that cell was an adult organ-specific stem cell (more on this later).

One important observation that has to be considered is the
results of the atomic bomb survivors of Hiroshima and Naga-
saki. It is generally assumed from the early studies that led to
the interpretation that exposures to ionizing radiation could
cause “mutations.” Conceptually, a mutation can be classified
as a point or gene mutation, and there are also chromosomal
mutations of a wide variety, such as chromosome deletions,
chromosomal additions, rearrangements, aneuploidy, translo-
cations, and so on. In addition, both in vitro, in vivo animal
experimental cancer studies and the epidemiological studies of
radiation-exposed human cancers are “associated” with the
exposure to these radiations.

In the atomic bomb survivor study, while leukemia was
associated a decade after in young children who were exposed,
breast cancer showed up in women who were exposed at a
young age later in life.”> One of the major reasons for this
observation is that the background frequency for breast cancers
in Japan at that time in history was extremely low. Since the
background frequency was so low, any slight increase that was
seen was shown to be attributable to the radiation exposure. If
the atomic bombs had been exploded in a region where the
background frequency to breast cancer was extremely high, the
same frequency of breast cancer induction by ionizing radiation
would not have been statistically attributable or even seen.
Therefore, it is highly doubtful that in the atomic bomb survi-
vor study, the increases in breast cancers were not simply due
to the result of ionizing radiation induction of “initiation” step
in the carcinogenic process but rather due to some other
mechanisms.'#!%-35-38

Several experiments have shown that when ionizing radia-
tion is used as an initiator in animals, then followed by promo-
tion process, it led to the interpretation that ionizing radiation is
a rather “poor” initiator.””® Even in the animals, where a few
cancers were found, one could reasonably argue that the ioniz-
ing radiation exposures actually “promoted” preexisting
“Initiated” cells.

Lastly, one must fit the role of viral agents that have been
associated with various cancers, such as SV40, human papillo-
mavirus, hepatitis virus, and so on.’*®" Also, the genetic engi-
neering of various oncogenes, such as Ha-Ras, SRC, Neu, and
so on, does not lead to transforming a single human cell to a
metastatic cell.®> Again, these viruses or oncogenes do not
mechanistically contribute to all 3 steps of carcinogenesis. The
fact that in vitro human cell experiments have clearly shown
that no one has malignantly transformed normal human cells
with a virus or oncogene.®>** To provide an explanation for
these results, discussion of what is the cell of origin for the
initiation process to start (see discussion later on the “Stem
Cell” versus “Dedifferentiation” hypotheses).

If lonizing Radiation Is a Rather Poor
“Initiator,” How Does One Interpret the
Appearance of Cancers After Exposure? The
Roles of Spontaneous Mutagenesis in Adult
Organ-Specific Stem Cells and of Tumor
Promotion

Since all human beings have “initiated” cells in all our organs,
regardless of how the mutations in these “initiated” cells were
caused, and only 1 out of 3 of us get cancer before we die, how
do we explain this reality? The simple answer is that those who
were diagnosed with cancer were “promoted” by some endo-
genous or “exogenous” agent or condition. That demands our
understanding of the characteristics of the promotion process.
First, from the classic animal promotion process,®>®° the pro-
moting agent had to be given after an initiation event
occurred.®’ Second, the promoting agent could be an endogen-
ous chemical, such as a hormone,(’8 growth factor,%® cyto-
kine,’®”! or an exogenous agent, such as a pollutant,
pesticide, dietary agent, or pharmaceutic agent,”>”* to which
the amount given had to exceed a “threshold”’*”’, and third, to
be exposed for a regular, sustained chronic period of time.”®

Fourth, promotion also seems to be both gender and species
dependent.””® Fifth, these promoting agents, while able to
induce oxidative stress,®' were not genomic DNA damaging
or mutagenic agents.”* Sixth, promotion can also be accom-
plished by stimulation of cell/tissue growth and inhibition of
apoptosis®>%? by cell death, cell loss, or cell compensatory
hyperplasia.®*

This latter point needs to be explained. In human somatic,
progenitor, and differentiated cells, there are 2 sources of DNA
in the cell, namely, genomic and mitochondrial DNA. As will
be discussed later, the stem cells (embryonic, germinal, and
adult organ-specific stem cells) have little mitochondria.®>®’
Therefore, if one detects DNA lesions in the cell of an exposed
tissue, such as the liver, one must determine if that damaged
DNA was in an adult organ-specific stem cell, progenitor, or
terminally differentiated cell. In addition, one must determine
if that DNA was genomic DNA or mitochondrial DNA of that
type of cell. One early observation and interpretation was that a
powerful skin tumor promoter induced oxidative stress®' and
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was a mutagen because it inhibited “error-free” DNA repair.®®
It should be apparent by now that these tumor-promoting endo-
genous or exogenous agents are not DNA damaging or muta-
genic agents. Phenobarbital, polybrominated or
polychlorinated biphenols, 2,3,7,8-tetrachlorodibenzodioxin,
DDT, and so on, are not mutagenic, not initiating, or not geno-
mic DNA-damaging agents.

Seventh, promoters all have threshold levels needed to sti-
mulate the growth of the initiated cell, as well as to inhibit the
apoptosis of the initiated cell.”*”’7 The promotion process
selectively amplifies the initiated cells to form benign lesions,
such as papilloma in the skin, enzyme-altered foci in the liver,
polyps in the colon, or nodules in the breast. These are clones of
the original single “initiated” cell.

Eighth, the promotion process must also be done in the
absence of “antipromoters,” which can act to blunt the action
of any oxidative stress of the promoting agent. Promotion is, in
many cases, associated with inflammation,**! which suggests
that the promoting agents, by triggering immune cells to secrete
various cytokines, which, in turn, act as tumor promoters of any
initiated cell in solid tissues.’”

Now, in the case of nonsmokers having lung cancers never
having smoked or been in the presence of downstream smoke,
these cancers could have originated via initiation of a single
cells by an “error of DNA replication” but were promoted by
chronic exposure to other endogenous or exogenous agents.

What Is the Origin of the “Initiated” Cell
That Is Promoted?

This question is extremely relevant to the issue of whether there
exists an LNT or threshold relationship to the induction of
human diseases, such as cancer after exposure to radiation,
chemicals, or viruses. In all 3 cancer-associated agents, a one-
time (one hit) or chronic exposure must bring about the 3
operation steps of carcinogenesis, namely, “initiation” of a
single cell, the promotion of that single cell into a benign
tumor, and the ultimate conversion of one of those promoted
and initiated cell into an invasive and metastatic cell. These
“operation” steps are mechanistically very different. If, for
example, a single photon of an ionizing radiation damaged the
specific genes that are responsible for all 3 steps, that is, it
causes that single cell to proliferate and not die by apoptosis
and to become “immortal,” invasive, and metastatic (the so-
called hallmarks of cancer’**), then the LNT concept will
have been scientifically satisfied.

Therefore, since one of the first phenotypic changes that
must occur during the first, one hit event in the cell that
becomes, initiated, primed for promotion and invasive/meta-
static properties, it has been assumed to be the induction of
“immortalization.” The early work on oncogenes suggested
when a specific oncogene is genetically engineered into a pop-
ulation of normal, primary cells in vitro, a few cells are termed
“immortalized,” but not neoplastically transformed.®* These
“immortalized” cells can be, then, transformed by other onco-
genes (ie, Ha-ras) or other agents to become neoplastically

transformed. In other words, these 2 distinct steps by 2 different
molecularly acting oncogenes mimic what is seen in vivo in the
classic “initiation,” “promotion,” and “progression” process of
carcinogenesis.

The 2 major and diametrically opposed hypotheses of car-
cinogenesis, the stem cell*>* versus the “dedifferentiation” or
“reprogramming”®> hypotheses, have had a long period of sup-
porters and challengers. Only with the recent demonstration of
the isolation and characterization of human stem cells (embryo-
nic,’®®” induced pluri-potent,”® somatic nuclear transfer,”® and
organ-specific stem cells,**1%%-19%) hag there been some clar-
ifications between the 2 opposing hypotheses. Embryonic
stem cells, by definition, can form teratomas when injected
back into an adult animal. This suggests that when embryonic
stem cells are placed in an improper microenvironment during
development, they do not differentiate normally into orga-
nized tissues, but they can differentiate into bone, teeth, hair,
and so on. Yet, if these teratoma cells are placed back into a
normal embryonic blastocyst, they can differentiate in a
regular fashion.'*®

One of the recent major scientific demonstrations, showing
a few pluripotent stem cells can be found after a normal pop-
ulation of primary human fibroblast cells are exposed to a
specific set of genes (Oct3/4, Sox2, Kif4, c-Myc), led to a
Nobel Prize to Dr S. Yamanaka.'% His interpretation of this
discovery was that these 4 transcription factor genes were able
to “reprogram” differentiated somatic cells to become
“embryonic-like” and could form teratomas when put back into
an adult animal. Yet, the interesting characteristic of these
induced Pluripotent Stem (iPS) cells is that they carry the
differentiation marker genes of the tissue from which they
were isolated.'*”!1°

There are several challenges to the interpretation of these
iPS cells. If, in vivo, in the human being, a somatic differentia-
tion cell can be “reprogrammed” to be a noncancer embryonic,
pluripotent stem cell by a “one hit” exposure to a photon, single
chemical, or a biological agent, that interaction must mimic the
molecular events that the 4 transcription factors bring about
when they potentially create iPS cells. That, of course, is the
“one” hit. But is it? The explanation is that these “iPS” stem
cells are the result of a minimum of 4 independent gene
expressions to bring about this “reprogramming” to the
embryonic-like stem cell state. These reprogrammed somatic
differentiated cells should form teratomas in the adult human
body. Since most human adult cancers are carcinomas or
sarcomas, how could “reprogramming” explain this fact?
Obviously, since in vitro studies to induce neoplastic human
cells from normal primary human cells have not been found
after multi-exposures to many “carcinogens,”®**%*!!! this could
suggest that the “one-time” exposure was insufficient to attain
all the “hallmarks of cancer”,>** or of the 3 operation steps of
the multistage, multimechanism process of carcinogens,
namely, mutagenic “initiation,” epigenetic “promotion,” and
stable irreversible “progression.”

The alternative explanation of the production of “induced
pluripotent” stem cells is that, when the 4 Yamanaka
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transcription factors are introduced to a population of very
early primary human cells, which contain a few, rare organ-
specific adult stem cells, only the few adult stem cells, which
already express the Oct4A gene but do not express the con-
nexin genes or have functional gap junctional intercellular
communication, will be able to survive the normal replicative
limitation of progenitor or non-stem cells.>>!'2"'” That is, with
the integration of an exogenous set of embryonic transcription
factors, especially Oct4A, together with their already expressed
endogenous Oct4A, only these few rare cells survive crises.
The frequency of these recovered iPS cells seems to be similar
to the number of adult stem cells in that early primary popula-
tion of cells. It has been noted that the recovery of induced
pluripotent stem cells is dramatically reduced with late pas-
saged primary cultures. The reason for this is probably that
these cultures are normally grown in 20% oxygen in medium
with limited antioxidants. Since the Oct4A gene is a redox-
sensitive gene,''®'2° multiple passages in high oxygen would
induce differentiation/apoptosis of these few adult stem cells,
thereby explaining why the Hayflick phenomenon is associated
with the limited passage levels seen with primary cultures of
human cells."*' Human stem cells and human diploid fibroblast
cells, grown under low oxygen tension and in high antioxidant
levels, seem to have an extended passage level.'**!%?

If the first step of the multistage, multimechanism, that is,
“initiation,” is the result of an irreversible event in a single
adult stem cell, that irreversible step is functionally blocking
its ability to terminally differentiate or become “mortal.” One
must recognize that any stem cell is naturally “immortal” or
have an extended life span to divide symmetrically or to “self-
renew.” Once it is induced to divide asymmetrically, one
daughter is maintained to self-renew, while the other daughter
differentiates or becomes “mortal.” Therefore, the “initiation”
event must be one that blocks terminal differentiation or
“asymmetric division”. It blocks “mortalization”.

This now leads to another major challenge to the role of
viruses in the human carcinogenic process. Obviously, as the
Nobel Prize recipient, Dr H. zur Hausen, noted, many viruses
have been associated with various human cancers.®’ Yet the
oncological-associated viruses cannot bring about the full
“hallmarks of cancers” or fulfill all the 3 operational steps of
the initiation, promotion, and progression steps of carcinogen-
esis. One of the terms used in viral carcinogenic in vitro experi-
ments is that there are “immortalizing viruses.” That comes out
of those studies where normal in vitro human primary popula-
tions of cells are infected with these viruses or transfected with
viral “oncogenes.”**! In a manner similar to the Yamanaka,
when embryonic transcription genes are put on primary popu-
lations of human cells, only a few “immortalized” cells are
found.

The alternative explanation or challenge to the concept of
“immortalizing viruses” is that while the viruses or oncogenic
viral oncogenes might infect all cells of the primary culture,
only those rare adult stem cells that had the virus would have
their ability to divide asymmetrically blocked. In those cases,
only these normal “immortal” adult stem cells would be

blocked from “mortalizing” or terminally differentiating.
Experimentally, this has been seen by Land et al®* when the
myc gene was put into primary cells in vitro. These cells were,
themselves, not neoplastically transformed but were now
“immortalized” or in this new interpretation, the few normal
but “immortal” adult stem cells were unable to “mortalize” or
terminally differentiation. If correct, the term, “immortalizing”
viruses should be changed to “mortalizing-blocked” viruses.
These viruses, then, could be viewed as “initiators” in the mul-
tistep, multimechanism carcinogenic process. As in the Wein-
berg experiments, these viral “initiated” cells now have
extended life spans, where other events/steps can meet the
required “hallmarks of cancer.”

Implications to the Use of LNT
Interpretation of the Hiroshima/Nagasaki
Atomic Bomb Survival Attributable Cancer
Data to Global Radiation Standards

If one considers that human cancers are the result of (1) the
“initiation”/“promotion”/“progression” process; (b) originating
from a single adult organ-specific stem cell; (c) a gene muta-
tion, caused by either an “error of DNA repair” or by an “error
of DNA replication” that blocks the “mortalization” of the stem
cell during the “initiation” step; (d) ionizing radiation being a
rather poor point mutagen; (e) the sustained clonal amplifica-
tion of the single initiated cell by epigenetic promoters at
threshold levels, in the absence of “antipromoters” to form a
benign lesion; and (f) multiple gene and chromosomal muta-
genic and epigenetic changes in a single “initiated” cell that
brings about the required “hallmarks of cancer,” allowing inva-
sion and metastasizing of that cell to become a “cancer stem
cell,” then it would seem evident that an LNT concept cancer
does not explain cancers attributable to the acute exposure to
the atomic bombs. In other words, the cancers seen in the
atomic bomb exposed survivors could have been the result of
the acute radiation affecting one of these 3 operational stages of
carcinogenesis.

Stepping back from the actual data on the atomic bomb
survivors, one knows that the control population, who only
were exposed to “background” radiation, as well as thousands
of chemicals (smokers, drugs, dietary factors, hormones, etc),
psychological, social, and cultural influences (exercise, work-
ing at night, stress), and biological agents (bacteria, parasites,
viruses), could be victims of a wide spectrum of cancers.

Clearly, while the pattern of cancer and other chronic dis-
eases seems to vary from culture to culture, as well as within
each culture/ethnic group, one finds a small fraction of these
populations who are clearly genetically predisposed, the epide-
miological evidence points to powerful roles of various envi-
ronmental or behavior influences that govern to appearance of
these chronic diseases. Nutrition and diets, either caloric
restriction'>*!®* or caloric excesses,'?® appear to be a major
modulator of the appearance of these chronic diseases. Proba-
bly, there is no better example of how the incidence of a given
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cancer, such as breast cancer, can be influenced by changing
marriage patterns,'?’ nutrition and diet'**'** and alteration of
diet modulating microbiome populations,'**'37 is that of the
effect of both migration of Japanese and the change in their diet
with their traditional living environment of the dramatic
change in breast cancer incidences.

In the Japanese culture, at the time of the 2 atomic bombs
and before, the patterns on the state of health and the phenotype
of the Japanese population was quite unique, in that they were
small in stature, had a rather uniform type of diet (absence of
red meat, abundance of rice, vegetables, raw fish, tofu, green
tea), and men who smoked but women who did not smoke. The
first 2 types of cancer that appeared after exposure to the
atomic bombs are leukemia in children and breast cancers in
women who were exposed at a young age.”

With that as a generalized background, the major observa-
tion was statistically attributable breast cancers noted in the
survivors because the background frequency in Japan at that
period of time was extremely low. Therefore, any small
increase above that low background frequency was noted.
Today, the frequency of breast cancers in Japan is approaching
that was seen in Western countries because, among other fac-
tors, the young are eating the Western diet. Had the atomic
bomb survivors been eating the Western diet prior to and after
the exposure to the atomic bombs, that small attributable
increase due to the exposure to ionizing radiation would not
have been noted.

Therefore, the fundamental question that has to be answered
is: “Why was the breast cancer frequency in the Japanese pop-
ulation so low prior to and immediately after the bombs were
dropped?” and “Why is the frequency changing in present-day
Japan?” The simple answer seems to be a dramatic change in
their diet and caloric intake. One needs only to see that the
median life span of those old Japanese was among the highest
in the world, especially the women. The role of low caloric
intake, by itself, is a significant risk reducer of many chronic
diseases.'*® It is known that the general Japanese population of
preatomic bomb events was significantly calorically
restricted.'>’

Of course, the reduction of calories might be accompanied
by either a reduction of vital vitamins and minerals, as was the
case with the European World War II prisoner population or
alternatively it could be done with a diet of antioxidant-
containing foods and sufficient protein, during the World War
II in Japan, where tea, soy products (tofu, natto), vegetables,
and raw fish were available. Therefore, the caloric restriction
seen in Europe might have predisposed a more disease-prone
state and increased morbidity and mortality, whereas in Japan,
one might predict life span expansion and reduction in risk of
chronic diseases.

Significant amounts of soy products were consumed by
Japanese women for generations before the bombs were
dropped. Consequently, both the Barker hypothesis'*® and
caloric restriction might have contributed to the frequency of
attributed radiation-induced breast cancers in the women sur-
vivors of the atomic bombs.? From a basic biological

standpoint, normal human adult breast stem cells have been
shown to be induced to differentiate when exposed to genistein,
a component of soy products.'*® With a reduced number of
breast stem cells in female offspring of mothers who eat sig-
nificant amounts of soy products, these women would have less
breast tissue after puberty and fewer breast stem cells as targets
for the initiation process. Furthermore, these women would
also be calorically restricted after any initiation or exposure
to the atomic bomb radiation, which would probably negatively
affect the promotion of any initiated breast stem cell. Equally
important, it has to be considered that the role of diet could
modulate (increase or decrease) the number of breast stem cells
during development that could modulate the risk to cancer later
in life by increasing or decreasing the “target” size of potential
“Initiated” cells, caused by either an “error of DNA repair” or
an “error of DNA replication.”'*!!4

Since human adult breast stem cells have been isolated and
partially characterized,'*® it has been shown that they could be
differentiated by many agents, including genistein, a compo-
nent of tofu. If during pregnancy of the female fetus prior to the
dropping of the atomic bombs, dietary genistein and other diet-
ary chemicals sharing the same properties might have forced
the adult breast stem cells (and possibly the bone stem cells) in
the developing female fetus to prematurely terminally differ-
entiate or apoptose. These female babies would have been
small at birth, and when they reached puberty, they had few
breast stem cells, on which her hormones would need to make
breast tissue. At the time of the bomb, these young women
would have few adult breast stem cells to be “targets” to start
the carcinogenic process. Since ionizing radiation does not
seem to be efficacious “initiators,””"® the attributable breast
cancers in these young Japanese women might have been the
result of some gene mutations caused by “errors of DNA
replication”. Various hormones, growth factors, and cyto-
kines®® ! have been shown to stimulate stem cell proliferation,
thereby forcing a finite production of mutations via “errors of
replication”. Those that received high, but nonlethal doses,
might have had perturbations of their immune system to trigger
inflammatory factors.'** The inflammatory factors are known
to be “promoters” of the carcinogenic process.”®’! Counter-
acting the promotion of any initiated stem cell for the female,
the absence of smoking, a known tumor promoter,145 146 must
be considered. Even for the many Japanese men who are smo-
kers, their risks to lung cancer seem to be dramatically reduced,
compared to American men who smoke less, by the high level
of drinking green tea.'*’ Green tea components have been
shown to reduce the effects of various chemical tumor
promoters. 148,149

Conclusions

This example of how the appearance of any cancer, which must
conform to the “initiation,” “promotion,” and “progression”
process, can be modulated (increased or decreased) at each step
by increasing or decreasing the number of adult organ-specific
stem cells, by increasing or decreasing the mutation or
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“initiation” step, by stimulating or inhibiting the proliferation
of the promotion step, and by enhancing or prohibiting the
progression or invasion/metastatic steps. In other words, to
be blunt, a “one hit” or LNT concept of cancer production
would be impossible. No one agent can “cause” cancer by ful-
filling all the underlying mechanisms, which are distinctly
molecularly different (mutagenesis is not like epigenesis). This
would be particularly impossible at very low exposures to
radiation, acutely or chronically. The formation of DNA dam-
age can be repaired or not. DNA repair in the organ-specific
adult stem cells also seems to be better at repairing DNA dam-
age than their differentiated offspring,'>*'*! although further
studies must be done to establish specific results under different
condition of various types of stem cells. This seems clear after
the results of differential cell death of small versus large intest-
inal stem cell results after ionizing radiation in situ.'>* Promo-
tion of the initiated cell needs “threshold” amounts of agents,
for long sustained periods of time in the absence of antipromo-
ters. It seems that no further experiments need to be performed
to see if very low doses of radiation or concentrations of toxic
chemicals can induce cancers in an LNT fashion. In the
absence of rigorous evidence that radiation carcinogenesis is
qualitatively different, mechanistically, than chemical, viral
carcinogens, or radiation carcinogenesis, radiation-induced
human carcinogenesis must conform to the multistage, multi-
mechanism process of carcinogenesis. Assuming that to be
correct, the LNT model must be rejected. In addition, one of
the major implications of this hypothesis is that radiation car-
cinogens must conform to chemical carcinogenesis, in terms of
having 3 distinct phases of “initiation,” “promotion,” and
“progress.” As important, the use of the atomic bomb data as
the “gold standard” for determining the scientific foundation
for public policy of radiation exposure standards must be seri-
ously challenged, as it is now very clear that caloric restriction,
nutrition, and diets play a major role in modulating the carci-
nogenic process by radiation, chemicals, or biological agents.

Declaration of Conflicting Interests

The author(s) declares no potential conflicts of interests with respect
to the research, authorship or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iD

James E. Trosko (2 https://orcid.org/0000-0003-1359-0778

References

1. Ron E. Tonizing radiation and cancer risks: evidence from epide-
miology. Radiat Res. 1998;150(suppl 5):30-41.

2. Thompson DE, Mabuchi K, Ron E, et al. Cancer incidence in
atomic bomb survivors. Part II: Solid tumors 1958-1987. Radiat
Res. 1994;137(suppl 2):S17-S67.

3. Trosko JE. A failed paradigm: carcinogenesis is more than muta-
genesis. Mutagenesis. 1988;3(4):363-366.

11.

12.

15.

16.

17.

18.

19.

20.

21.

22.

. Trosko JE. Challenge to the simple paradigm that ‘carcinogens’

are ‘mutagens’ and to the in vitro and in vivo assays used to test
the paradigm. Mutat Res. 1997;373(2):245-249.

. Trosko JE, Upham BL. The emperor wears no clothes in the field

of carcinogen risk assessment: ignored concepts in cancer risk
assessment. Mutagenesis. 2005;20(2):81-92.

. Bomken S, Fiser K, Heidenreich O, Vormoor J. Understanding

the cancer stem cell.Br J Cancer. 2010;103(4):439-445.

. Jaffe D, Bowden GT. lonizing radiation as an initiator: effects

proliferation and promotion time on tumor incidence in mice.
Cancer Res. 1987;47(24 pt 1):6692-6696.

. Kaufman WK, Mackenzie SA, Kaufman DG. Factors influencing

the initiation by gamma rays of hepatocarcinogenesis in the rats.
Teratog Carcinog Mutagen. 1987;7(6):551-556.

. Weinstein IB, Gattoni-Celli S, Kirschmeier P, et al. Multistage

carcinogenesis involves multiple genes and multiple mechanisms.
J Cell Physiol Suppl. 1984;3:127-137.

. Pitot HC, Dragan YP. Facts and theories concerning the mechan-

isms of carcinogenesis. FASEB J. 1991;5(9):2280-2286.

Pitot HC. Progression: the terminal stage in carcinogenesis. Jpn J
Cancer Res. 1989;80(7):599-607.

Trosko JE. Does radiation cause cancer? RERF Update. 1992;
4(1):3-5.

. Trosko JE, Chang CC. Hallmarks of radiation carcinogenesis:

ignored concepts. In: Shibata Y, Yamashita S, Watanabe M,
Tomonaga M, eds. Radiation and Humankind: International Con-
gress Series #1258. Amsterdam, the Netherlands: Elsevier; 2003:
31-36.

. Trosko JE, Suzuki K. Adult stem cells, the Barker Hypothesis,

epigenetic events and low-level radiation effects. In: Nakashima
M, Takamura N, Tsukasaki K, Nagayama Y, Yamashita S, eds.
Radiation Health Risk Sciences. Tokyo, Japan: Springer; 2009:
216-226.

Upham BL, Trosko JE. A paradigm shift in the understanding of
oxidative stress and its implications to exposure of low-level
ionizing radiation. Acta Med Nagasaki. 2005;50:63-68.

Stadler LJ. Mutations in barley induced by X rays and radium.
Science. 1928;68(1756):186-187.

Calabrese EJ, O’Connor MK. Estimating risk of low radiation
doses—a critical review of the BEIR VII report and its use of the
linear no-threshold (LNT) hypothesis. Radiat Res. 2014;182(5):
463-474. doi:10.1667/RR13829.1.

Mothersill C, Seymour CB. Radiation-induced bystander
effects—implications for cancer. Nat Rev Cancer. 2004;4(2):
158-164.

Tubiana M, Aurengo A, Averbeck D, Masse R. Recent reports on
the effect of low doses of ionizing radiation and its dose-effect
relationship. Radiat Environ Biophys. 2006;44(4):245-251.
Cardarelli JJ, Ulsh BA. It is time to move beyond the linear no-
threshold theory for low-dose radiation protection. Dose
Response. 2018;16(3). doi:10.1177/1559325818779651.

Weber W, Zanzonico P. The controversial linear no-threshold
model. J Nucl Med. 2017;58(1):7-8.

Siegel JA, Sacks B, Welsh JS. Time to terminate LNT: radiation
regulators should adopt LT. J Radiol Oncol. 2017;1:49-53.doi:10.
29328/journal.jro.1001007.


https://orcid.org/0000-0003-1359-0778
https://orcid.org/0000-0003-1359-0778
https://orcid.org/0000-0003-1359-0778

Trosko

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Vainio H. Carcinogenesis and teratogenesis may have common
mechanisms. Scand J Work Environ Health. 1989;15(1):13-17.
Trosko JE. Reflections on the use of 10 IARC carcinogenic char-
acteristics for an objective approach to identifying and organizing
results from certain mechanistic studies. Toxicol Res Appl. 2017;
1:1-10.

Trosko JE. Induction of iPS cells and of cancer stem cells: the
stem cell or reprogramming hypothesis of cancer? Anat Rec
(Hoboken). 2014;297(1):161-173.

Nowell PC. The clonal evolution of tumor cell populations. Sci-
ence. 1976;194(4260):23-28.

Fialkow PJ, Gartler SM, Yoshida A. Clonal origin of chronic
myelocyticleukemia in man. Proc Natl Acad Sci U S A. 1967;
58(4):1468-1471.

Markert CL. Neoplasia: a disease of cell differentiation. Cancer
Res. 1968;28(9):1908-1914.

Pierce GB. Neoplasms, differentiation and mutations. Am J
Pathol. 1974;77(1):103-118.

Potter VR. Phenotypic diversity in experimental hepatomas: the
concept of partially blocked ontogeny. Br J Cancer. 1978;38(1):
1-23.

Till JE. Stem cells in differentiation and neoplasia. J Cell Physiol.
1982;113(suppl 1):3-11.

Greaves MF. Differentiation-linked leukemogenesis in lympho-
cytes. Science. 1986;234(4777):697-704.

Tai MH, Chang CC, Kiupel M, Webster JD, Olson LK, Trosko JE.
Oct-4 expression in adult stem cells: evidence in support of the
stem cell theory of carcinogenesis. Carcinogenesis. 2005;26(2):
495-502.

Barker N, van Es JH, Kuipers J, et al. Identification of stem cells
in small intestine and colon by marker gene Lgr5. Nature. 2007;
449(7165):1003-1007.

Shackleton M, Quintana E, Fearon ER, Morrison SJ. Heterogene-
ity in cancer: cancer stem cells versus clonal evolution. Cell.
2009;138(5):822-829.

Bianconi E, Piovessan A, Facchin F, et al. An estimation of the
number of cells in the human body. Ann Hum Biol. 2013;40(6):
463-471.

Sender R, Fuchs S, Milo R. Revised estimates for the number of
human and bacteria cells in the body. PLoS Biol. 2016;14(8):
€1002533. doi:10.1371/journal.pbio.1002533.

Stults DM, Killen MW, Pierce AJ. The sister chromatid exchange
(SCE) assay. Methods Mol Biol. 2014;1105:439-455. doi:10.
1007/978-1-62703-739-6_32.

Heddle JA. A rapid in vivo test for chromosomal damage. Mutat
Res. 1973;18(2):187-190.

Ames BN, Durston WE, Yamasaki E, Lee FD. Carcinogens are
mutagens: a simple test system combining liver homogenates for
activation and bacteria for detection. Proc Natl Acad Sci U S A.
1973;70(8):2281-2285. doi:10.1073/pnas.70.8.2281.

Thilly WG. Have environmental mutagens caused on comutations
in people? Nat Genet. 2003;34(3):255-259.

Upham BL, Weis LM, Trosko JE. Modulated gap junctional inter-
cellular communication as a biomarker of PAH epigenetic toxi-
city: structure-function relationship. Environ Health Perspect.
1998;106(suppl 4):975-981.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Romo D, Velmurugan K, Upham BL, Dwyer-Nield LD, Bauer
AK. Dysregulation of gap junction function and cytokine produc-
tion in response to non-genotoxic polycyclic aromatic hydrocar-
bons in an in vitro lung cell model. Cancers. 2019;11(4):572. doi:
10.3390/cancers11040572.

Mass SJ, Austin SJ. Absence of mutations in coden 61 of the Ha-
ras oncogene in epithelial cells transformed in vitro by 7,12-
dimethylbenz(a)anthracene. Biochem Biophys Res Commun.
1989;165(3):1319-1323.

Brookes P. Chemical carcinogens and ras gene activation. Mol
Carcinog. 1989;2(6):305-307.

Cataldo JK, Dubey S, Prochaska JJ. Smoking cessation: an inte-
gral part of lung cancer treatment. Oncology. 2010;78(5-6):
289-301. doi:10.1159/000319937.

Goodman JA. Operational reversibility is a key aspect of carci-
nogenesis. Toxicol Sci. 2001;64(2):147-148.

Cleave JE. Xeroderma pigmentosum: genetic and environmental
influences in skin carcinogenesis. Int J Dermatol. 1978;17(6):
435-444.

Cleaver JE, Trosko JE. Absence of excision of ultraviolet-induced
cyclobutane dimers in xeroderma pigmentosum. Photochem
Photobiol. 1970;11(6):547-550.

Maher VM, McCormick JJ. Effect of DNA repair on the cytotoxi-
city and mutagenicity of UV irradiation and of chemical carcino-
gens in normal and xeroderma pigmentosum cells. In: Yuhas JM,
Tennant RW, Regan JD, eds. Biology of Radiation Carcinogen-
esis. New York, NY: Raven Press; 1976:129-145.

Glover TW, Chang CC, Trosko JE, Li SS. Ultraviolet light induc-
tion of diphtheria toxin resistant mutations in normal and xero-
derma pigmentosum human fibroblasts. Proc Natl Acad Sci U S A.
1979;76(8):3982-3986.

Brash DE, Rudolph JE, Simon JA, et al. A role for sunlight in skin
cancer: UV-induced p53 mutations in squamous cell carcinomas.
Proc Natl Acad Sci U S 4. 1991;88(22):10124-10128.

German J.Bloom’s syndrome. The first 100 cancers. Cancer
Genet Cytogenet. 1997;93(1):100-106.

Warren S, Schultz RA, Chang CC, Wade MH, Trosko JE. Ele-
vated spontaneous mutation rate in Bloom syndrome fibroblasts.
Proc Natl Acad Sci USA. 1981;78(5):3133-3137.

Trosko JE. Radiation, signal transduction and modulation of inter-
cellular communication. In: Peterson LE, Abrahamson S, eds.
Effects of lonizing Radiation: Atomic Bomb Survivors and Their
Children (1945-1995). Washington, DC: Joseph Henry Press;
1998:177-192.

Trosko JE.Concepts needed to understand potential health effects
of chronic low-level radiation exposures: role of adult stem cells
and modulated cell-cell communication. Int Congress Series.
2007;1299:101-113.

Trosko JE.Radiation induced carcinogenesis: paradigm consid-
erations. In: Calabrese E, ed. Biological Effects of Low Level
Exposures: Dose-Response Relationships. Chelsea, MI: Lewis;
1994:205-241.

Trosko JE.New concepts related to low level radiation induced
carcinogenesis: pre- and Post-natal modulation of adult stem cells
modify the risks. In: Nakashima M, Takamura N, Suzuki K,
Yamashita S, eds. 4 New Challenge of Radiation Health Risk



Dose-Response: An International Journal

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Management. Nagasaki, Japan: Nagasaki Newspaper; 2012:
75-91.

Bryan TM, Reddel RR. SV40-induced immortalization of human
cells. Crit Rev Oncog. 1994;5(4):331-357.

Viallet J, Liu C, Emond J, Tsao MS. Characterization of human
bronchial epithelial cells immortalized by the E6 and E7 genes of
human papillomavirus Type 16. Exp Cell Res. 1994;212(1):36-41.
zur Hausen H. Viruses in human cancers. Science. 1991;
254(5035):1167-1173.

Land H, Parada LF, Weinberg RA. Tumorigenic conversion of
primary embryo fibroblasts requires at least two cooperating
oncogenes. Nature. 1983;304(5927):596-602.

Di Paolo JA. Relative difficulties in transforming human and
animal cells in vitro. J Natl Cancer Inst. 1983;70(1):3-8.
Kakunaga T. Neoplastic transformation of human diploid fibro-
blast cells by chemical carcinogens. Proc Natl Acad Sci U S A.
1978;75(3):1334-1338.

Berenblum 1. A speculative review: the probable nature of pro-
moting action and its significance in the understanding of the
mechanisms of carcinogenesis. Cancer Res. 1954;14(7):471-477.
Yamagiwa K, Ichikawa K. Experimental study of the pathogen-
esis of carcinoma. CA Cancer J Clin. 1977;27(3):174-181.
Berenblum I, Haran N. The significance of the sequence of initi-
ating and promoting actions in the process of skin carcinogenesis
in the mouse.Br J Cancer. 1955;9(2):268-271.

Firestone GI, Kapadia BJ. Minireview: regulation of gap junction
dynamics by nuclear hormone receptors and their ligands. Mol
Endocrinol. 2012;26(11):1798-1807.

Schalper KA, Riquelme MA, Brafies MC, et al. Modulation of gap
junction channels and hemichannels by growth factors. Mol Bio-
syst. 2012;8(3):685-698.d0i:10.1039/C1MB05294B.

Saez PJ, Shoji KF, Aguirre A, Saez JC. Regulation of hemichan-
nels and gap junctions channels by cytokines in antigen-
presenting cells. Mediators Inflamm. 2014;2014:742734.doi:10.
1155/2014/742734.

Méme W, Calvo CF, Froger N, et al. Proinflammatory cytokines
released from microglia inhibit gap junctions in astrocytes: poten-
tiation by beta-amyloid. FASEB J. 2006;20(3):494-496.

Trosko JE, Chang CC. Nongenotoxic mechanisms in carcinogen-
esis: role of inhibited intercellular communication. In: Hart R,
Hoerger FD, eds. Banbury Report 31: New Directions in the
Qualitative and Quantitative Aspects of Carcinogen Risk Assess-
ment. Cold Spring Harbor, NY: Cold Spring Harbor Press; 1988:
139-170.

Budunova IV, Williams GM. Cell culture assays for chemicals
with tumor promoting or inhibiting activity based on the modula-
tion of intercellular communication. Cell Biol Toxicol. 1994,
10(2):71-116.

Pitot HC, Goldsworthy TL, Moran S, et al. A method to quantitate
the relative initiating and promoting potencies of hepatocarcino-
genic agents in their dose-response relationships to altered hepatic
foci. Carcinogenesis.1987;8(10):1491-1499.

Kitano M, Ichihara T, Matsuda T, et al. Presence of a threshold for
promoting effects of phenobarbital on diethylnitrosamine-
induced hepatic foci in the rat. Carcinogenesis. 1998;19(8):
1475-1480.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Trosko JE. Is the concept of “tumor promotion” a useful para-
digm? Mol Carcinog. 2001;30(3):131-137.

Trosko JE, Ruch RJ. Gap junctions as targets for cancer chemo-
prevention and chemotherapy. Curr Drug Targets. 2002;3(6):
465-482.

Slaga TJ. Overview of tumor promotion in animals. Environ
Health Perspect. 1983;50:3-14.

Klaunig JE, Ruch RJ. Strain and species effects on the inhibition
of hepatocyte intercellular communication by liver tumor promo-
ters. Cancer Lett. 1987;36(2):161-168.

Siglin JC, Weghorst CM, Rodwell DE, Klaunig JE.
Gender-dependent differences in hepatic tumor promotion in
diethylnitrosamine initiated infant B6C3F1, mice by alpha-
hexachlorocyclohexane. J Toxicol Environ Health. 1995;
44(2):235-245.

Cerruti PA. Prooxidant states and tumor promotion. Science.
1985;227(4685):375-381.

Schulte-Hermann R, Timmermann-Trosnier I, Barthel G, Bursch
W. DNA synthesis, apoptosis, and phenotypic expression as
determinants of growth of altered foci in rat liver during pheno-
barbital promotion. Cancer Res. 1990;50(16):5127-5135.
Wilson MR, Close TW, Trosko JE. Cell population dynamics
(apoptosis, mitosis, and cell-cell communication) during disrup-
tion of homeostasis. Exp Cell Res. 2000;254(2):257-268.
Argyris TS. Regeneration and the mechanism of epidermal tumor
promotion. Crit Rev Toxicol. 1985;14(3):211-258.

Prigione A, Fauler B, Lurz R, Lehrach H, Adjaye J. The
senescence-related mitochondrial/oxidative stress pathway is
repressed in human induced pluripotent stem cells. Stem Cells.
2010;28(4):721-733.

Nesti C, Pasquali L, Vaglini F, Sicilano G, Murri L. The role of
mitochondria in stem cell biology. Biosci Rep. 2007;27(1-3):
165-171.

Armstrong L, Tilgner K, Saretzki G, et al. Human induced plur-
ipotent stem cell lines show stress defense mechanisms and mito-
chondrial regulation similar to those of human embryonic stem
cells. Stem Cells.2010;28(4):661-673.

Gaudin D, Gregg RS, Yielding KL. Inhibition of DNA repair by
cocarcinogens. Biochem Biophys Res Commun. 1972;48(4):
945-949. doi:10.1016/0006-291X(72)90700-0.

Garré JM, Yang G, Bukauskas FF, Bennett MV. FGF-1 triggers
pannexin-1 hemichannels opening in spinal astrocytes of rodents
and promotes inflammatory responses in acute spinal cord slices.
J Neurosci. 2016;36(17):4785-4801.

Philip M, Rowley DA, Schreiber H. Inflammation as a tumor
promoter in cancer induction. Semin Cancer Biol. 2004;14(6):
433-439.

Fujiki H, Sueoka E, Suganuma M. Tumor promoters: from che-
micals to inflammatory proteins. J Cancer Res Clin Oncol. 2013;
139(10):1603-1614.d0i:10.1007/s00432-013-1455-8.

Trosko JE, Tai MH. Adult stem cell theory of the multi-stage,
multi-mechanism theory of carcinogenesis: role of inflammation
on the promotion of initiated cells. In: Dittmar T, Zaenker KS,
Schmidt A, eds. Infections and Inflammation: Impacts on Onco-
genesis. Vol. 13. Basel, Switzerland: S. Karger AG; 2006:45-65.



Trosko

93

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

. Hanahan D, Weinberg RA. The hallmarks of cancer. Cell. 2000;
100(1):57-70.

Hanahan D, Weinberg RA. Hallmarks of cancer: the next gen-
eration. Cell. 2011;144(5):646-674.

Sell S.Cellular origin of cancer: dedifferentiation of stem cell
maturation arrest? Environ Health Perspect. 1993;101(suppl 5):
15-26.

Shamblott MJ, Axelman J, Wang SP, et al. Derivation of plur-
ipotent stem cells from cultured human primordial germ cells.
Proc Natl Acad Sci USA. 1998;95(23):13726-13731.

Thomson JA, Itskovitz-Eldor JL, Shapiro SS, et al. Embryonic
stem cell lines derived from human blastocyts. Science. 1998;
282(5391):1145-1147.

Takahashi K, Yamanaka S. Induction of pluripotent stem cells
from mouse embryonic and adult fibroblast cultures by defined
factors. Cell. 2006;126(4):663-676.

Tachibana M, Amato P, Sparman M, et al. Human embryonic
stem cells derived by somatic cell nuclear transfer. Cell. 2013;
153(6):1228-1238.

Chang CC, Trosko JE, el-Fouly MH, Gibson-D’Ambrosio RE,
D’Ambrosio SM. Contact insensitivity of a subpopulation of
normal human fetal kidney epithelial cells and of human carci-
noma cell lines. Cancer Res. 1987;47(6):1634-1645.

Kao CY, Nomata K, Oakley CS, Welsch CW, Chang CC. Two
types of normal human breast epithelial cells derived from
reduction mammoplasty: phenotypic characterization and
response to SV40 transfection. Carcinogenesis. 1995;16(3):
531-538.

Matic M, Petrov IN, Chen S, Wang C, Dimitrijevich SD, Wolo-
sin JM. Stem cells of the corneal epithelium lack connexins and
metabolic transfer capacity. Differentiation. 1997;61(4):
251-260.

Matic M, Evans WH, Brink PR, Simon M. Epidermal cells do
not communicate through gap junctions. J Invest Dermatol.
2002;118(1):110-116.

Pittenger M, Mackay AM, Beck SC, et al. Multilineage potential
of adult human mesenchymal stem cells. Science. 1999;
284(5411):143-147.

Mintz B, Illmensee K. Normal genetically mosaicmice produced
from malignant teratocarcinoma cells. Proc Natl Acad Sci U S A.
1975;72(9):3585-3589.

Yamanaka S. The winding road to pluripotency (Nobel Lecture).
Angew Chem Int Ed Engl. 2013;52(52):13900-13909.
Marchetto MC, Yeo GW, Kainohana O, Marsala M, Gage FH,
Muotri AR. Transcriptional signature and memory retention of
human-induced pluripotent stem cells. PLoS One. 2009;4(9):
€7076. doi:10.1371/journal.pone.0007076.

Polo JM, Liu S, Figueroa ME, et al. Cell type of origin influences
the molecular and functional properties of mouse induced stem
cells. Nat Biotechnol. 2010;28(8):848-855.

Kim K, Doi A, Wen B, et al. Epigenetic memory in induced
pluripotent stem cells. Nature. 2010;467(7313):285-290. doi:
10.1038/nature09342.

Stadtfeld M, Apostolou E, Akutsu H, et al. Aberrant silencing of
imprinted genes on chromosome 12qF1 in mouse induced plur-
ipotent stem cells. Nature. 2010;465(7295):175-181.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

Kuroki T, Huh NH. Why are human cells resistant to malignant
cell transformation in vitro? JPN J Cancer Res. 1993;84(11):
1091-1100.

Trosko JE.From adult stem cells to cancer stem cells: Oct-4
gene, cell-cell communication, and hormones during tumor pro-
motion. Ann N Y Acad Sci. 2006;1089:36-58.

Trosko JE. Reprogramming or selection of adult stem cells. Stem
Cell Rev. 2008;4(2):81-88.

Trosko JE.Human adult stem cells as targets for cancer stem
cells. Evolution; Oct-4 gene and cell-cell communication. In:
Dittmar T, Zaenkar K, eds. Stem Cells and Cancer. Hauppauge,
NY: Nova Science; 2008:147-187.

Trosko JE.Cancer stem cells and cancer nonstem cells: from
adult stem cells or from reprogramming of differentiated
somatic cells. Vet Pathol. 2009;46(2):176-193.

Trosko JE. Cancer: a stem cell-based disease. In: Zaenkar KS,
Dittmar T, eds. Stem Cell Biology in Health and Disease. Hei-
delberg, Germany: Springer; 2009:185-222.

Trosko JE. Human adult stem cells as the target cells for the
initiation of carcinogenesis and for the generation of “cancer
stem cells”. Int J Stem Cells.2008;1(1):8-26.

Marsboom G, Zhang GF, Pohl-Avila N, et al. Glutamine meta-
bolism regulates the pluripotency transcription factor OCT4.
Cell Rep. 2016;16(2):323-332.

Guo Y, Einhorn L, Kelley M, et al. Redox regulation of embryo-
nic stem cell transcription factor Oct-4 by thioredoxin. Stem
Cells. 2004;22(3):259-264.

Covello KL, Kehler J, Yu H, et al. HIF-2alpha regulates Oct-4:
effects of hypoxia on stem cell function, embryonic develop-
ment, and tumor growth. Genes Dev. 2006;20(5):557-570.
Hayflick L. The limited in vitro lifespan of human diploid cell
strains. Exp Cell Res. 1965;37(3):614-636.

Estrada JC, Albo C, Benguria A, et al. Culture of human
mesenchymal stem cells at low oxygen tension improves growth
and genetic stability by activating glycolysis. Cell Death Differ.
2012;19(5):743-755.

Packer L, Fuehr K. Low oxygen concentration extends the life span
of cultured human diploid cells. Nature. 1977;267(5610):423-425.
Ross MH, Bras G. Lasting influence of early caloric restriction
on prevalence of neoplasms in the rat. J Natl Cancer Inst. 1971;
47(5):1095-1113.

Tannenbaum A, Silverstone H. Effect of limited food intake on
survival of mice bearing spontaneous mammary carcinoma and
on the incidence of lung metastases. Cancer Res. 1953;13(7:1):
532-536.

DeClerck YA. Fat, calories, and cancer. Cancer Res. 2016;76(3):
509-510. doi:10.1158/0008-5472.CAN-15-3517.

Saika K, Sobue T. Epidemiology of breast cancer in Japan and
the US. JMAJ. 2009;52(1):39-44.

Willcox BJ, Willcox DC, Todoriki H, et al. Caloric restriction,
the traditional Okinawan diet, and healthy aging: the diet of the
world’s longest-lived people and its potential impact on morbid-
ity and life span. Ann N Y Acad Sci. 2007;1114:434-455.
Yamamoto S, Sobue T, Kobayashi M, et al. For the Japan Public
Health Center-Based Prospective Study on Cancer Cardiovascu-
lar Diseases (JPHC Study) Group. Soy, isoflavones, and breast



Dose-Response: An International Journal

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

cancer risk in Japan. J Natl Cancer Inst. 2003;95(12):906-913.
doi:10.1093/jnci/95.12.906.

Sheflin AM, Whitney AK, Weir TL. Cancer-promoting effects
of microbial dysbiosis. Curr Oncol Rep. 2014;16(10):406.
Chan YK, Estaki M, Gibson DL. Clinical consequences of diet-
induced dysbiosis. Ann Nutr Metab. 2013;63(suppl 2):28-40.
Francescone R, Hou V, Grivennikov SI. Microbiome, inflamma-
tion and cancer. Cancer J. 2014;20(3):181-189.

Paul B, Barnes S, Denmark-Wahnefried W, et al. Influences of
diet and the gut microbiome on epigenetic modulation in cancer
and other diseases. Clin Epigenetics. 2015;7:112. doi:10.1186/
s13148-015-0144-7.

O’Hara AM, Shanahan F. The gut flora as a forgotten organ.
EMBO Rep. 2006;7(7):688-693.

Weinstock GM.Genomic approaches to studying the human
microbiota. Nature. 2012;489(7415):250-256.

Bultman SJ. Emerging roles of the microbiome in cancer.
Carcinogenesis. 2014;35(2):249-255.

Bhatt AP, Redinbo MR, Bultman SJ. The role of the microbiome
in cancer development and therapy. CA Cancer J Clin. 2017,
67(4):326-344.

Barker DJ. The developmental origins of adult disease. J Am
Coll Nutr. 2004;23(suppl 6):588s-595s.

Gavrilova NS, Gavrilov LA. Comments on dietary restriction,
Okinawa diet and longevity. Gerontology. 2012;58(3):221-223.
doi:10.1159/000329894.

Hsieh CY, Chang CC. Stem cell differentiation and reduction as
a potential mechanism for chemoprevention of breast cancer.
Chinese Pharm J. 1999;51(1):15-30.

Trosko JE. Pre-natal Epigenetic influences on acute and chronic
diseases later in life, such as cancer: global health crises result-
ing from a collision of biological and cultural evolution. J Food
Sci Nutr. 2011;16(4):394-407.

Trosko JE. Evolving concepts of food safety: the need for under-
standing mechanisms of food toxic ology for public policy. Adv
Nutr Food Sci. 2018;3(2):1-13.

143.

144.

145.

14e6.

147.

148.

149.

150.

151.

152.

Chang CC. Recent translational research: stem cells as the roots
of breast cancer. Breast Cancer Res. 2006;8(1):103. doi:10.
1186/ber1385.

Hansson E, Skiéldebrand E. Coupled cell networks are target
cells of inflammation, which can spread between different body
organs and develop into systemic chronic inflammation.
J Inflamm (Lond). 2015;12:44. doi:10.1186/s12950-015-
0091-2.

Van Duuren BC, Goldschmidt BM. Cocarcinogenesis and
tumor-promoting agents in tobacco carcinogenesis. J Natl Can-
cer Inst. 1976;56(6):1237-1242.

Hoffmann D, Hecht SS, Wynder EL. Tumor promoters and
cocarcinogens in tobacco carcinogenesis. Environ Health Per-
spect. 1983;50:247-257.

Stellman SD, Takezaki T, Wang L, et al. Smoking and lung
cancer risk in American and Japanese men: an international
case-control study. Cancer Epidemiol Biomarkers Prev. 2001;
10(11):1193-1199.

Dong Z, Ma W, Huang C, Yang CS. Inhibition of tumor
promoter-induced activator protein 1 activation and cell trans-
formation by tea polyphenols, (-)-epigallocatechin gallate, and
theaflavins. Cancer Res. 1997;57(19):4414-4419.

Sai K, Kanno J, Hasegawa R, Trosko JE, Inoue T. Prevention of
the down-regulation of gap junctional intercellular communica-
tion by green tea in the liver of mice fed pentachlorophenol.
Carcinogenesis. 2000;21(9):1671-1676.

Vitale I, Manic G, De Maria R, Kroemer G, Galluzzi L. DNA
damage in stem cells. Mol Cell. 2017;66(3):306-319. doi:10.
1016/j.molcel.2017.04.006.

Weeden CE, Asselin-Labat ML. Mechanisms of DNA damage
repair in adult stem cells and implications for cancer formation.
Biochim Biophys Acta Mol Basis Dis. 2018;1864(1):89-101. doi:
10.1016/j.bbadis.2017.10.015.

Potten CS, Grant HK. The relationship between ionizing
radiation-induced apoptosis and stem cells in the small and large
intestine. Br J Cancer. 1998;78(8):993-1003.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


