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1

The Canine Cancer Epidemic

“The Good Lord, in his infinite wisdom, gave us three
things to make life bearable: Hope, jokes, and dogs; but
the greatest of these was dogs.”

Robyn Davidson

The word cancer comes from the Greek word Karkinos ,
meaning crab-like or claw-like. It was coined by Hippocrates,
the father of medicine, about 2400 years ago, and describes the
physical appearance of tumors— hard, like a crab’s shell— and
heavily vascularized, the large, truncating blood vessels feeding
it seeming to early physicians like a crab’s appendages. And of
course, cancer is tenacious, never letting go, just as a crab will
not let go once it has gripped you in its pincers. If you have had
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a dog gripped by the pincers of cancer, then you know how
tenacious that grip is. You know how relentless cancer is. You
know that resorting to chemo is a stopgap measure at best, and
too often, an excruciating one. Well, the exciting news in this
book is that something new and very different has just been
discovered— something that gives every appearance of being
able to release both our dogs and ourselves from the pincer-like
grip that cancer has held us in for so long. This discovery is so
fundamental, so transformative that it may eliminate cancer as a
major disease of both humans and dogs. I do not say this
lightly, or without the foundation of a long, productive career to
back it up. I have been a professional cancer research scientist
for more than 40 years now, 1 and so, through experience, can
recognize that what has unfolded right in front of me is so
fundamental, so enabling, that it can literally change
everything.

And it was discovered in dogs.

There are more dogs with cancer in the United States
than there are people with cancer!

There are about 90 million dogs alive at any one time in the
United States, and the National Cancer Institute (NCI)
estimates that 6 million of them will be diagnosed with cancer
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every year. That equates to a cancer incidence in our dogs of at
least 6,600 per 100,000 per year, which very well may be the
highest in all of the animal kingdom. 2 The cancer incidence in
our own species, which is already considered to have reached
epidemic proportions, is 442 per 100,000 per year. 3 Thus,
cancer incidence in our dogs is almost 15 times higher than it is
in us! This leads to the remarkable statistic that there are almost
3 1/2 times more dogs with cancer in the United States than
there are people with cancer— even though there are 3 1/2
times more people than dogs living here! Looked at in a
different way that considers lifespan, we long-lived humans
have a lifetime cancer risk of a little over 40% (risk for men
and women combined), while that of our much shorter-lived
dogs has now reached an astronomical 50%. Compare this to
the lifetime cancer risk of virtually all other large, long-lived
species, which is about 4% 4 — including wolves in the wild,
the species from which our dogs originated, and even primitive
members of our own species, who lived much shorter lifespans
than we do today. Cancer has accelerated dramatically in both
humans and dogs until now it is the number one cause of death
in each. This is far, far outside the norm of the animal kingdom.
Outside of humans and dogs, cancer is generally a rare cause of
death in the animal world. Clearly, something very unnatural is
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happening to us, and especially to our dogs. And it is only
getting worse with every passing year. But what is it? What is
causing this epidemic of cancer? A contaminated environment?
Carcinogens in our food and the food that we give to our dogs?
Chemicals that we put into our dogs’ bodies to kill fleas and
ticks and other pests? Chemicals that we spray on our lawns
that pass into a dog’s body when it runs and plays on that lawn?
You might be relieved to learn that these things probably play
only a small role in the abnormal rates of cancer plaguing our
two species— they’re not innocuous, but they are not the
primary drivers of cancer in our dogs; or in us. On the surface,
the actual answer as to the cause of the aberrant levels of cancer
plaguing our two species is much more complex— explaining
why it took so long to be discovered. But once understood, it is
almost incomprehensible how we could have remained blind to
it for all these decades.
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Figure 1.1 Lifetime cancer risk is dramatically higher in
modern humans than it was in our primitive ancestors, and it is

also dramatically higher in our dogs, especially our larger
breeds of dogs, compared to their ancestors, a species of wolf.

The high cancer risk of modern humans and dogs represents an
aberration in the animal kingdom. Other large, long-lived

animals such as the elephant maintain a constant, low cancer
risk throughout their lifetimes. Why?

One of the interesting things that comes out of the figure above
is the fact that large, long-lived species can have a very low
cancer risk, despite having such massive bodies. Doesn’t that
strike you as strange? That such large bodied animals have the
same cancer risk as much smaller species doesn’t really make
sense, at least not on the surface of it. Since animal cells from
one species to another are all roughly the same size,
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irrespective of how big the animal is, the bodies of massive
creatures can have orders of magnitude more cells than much
smaller ones. If all cells have a roughly equal chance of
becoming cancerous, which also seems logical, then the more
cells an animal has, the greater should be the risk in that animal
for one or more of those cells to undergo malignant
transformation and become a cancer cell. Comparing a blue
whale that weighs 400,000 pounds, and a bottle-nose dolphin
that weighs 400 pounds, the whale has a thousand times more
cells at risk for cancer. Logically, it should have a thousand
times higher risk of getting cancer than the dolphin has, just
from the number of cells at risk in each animal. Yet this is not
what we see in Nature. Cancer risk does not scale with body
size, the way it logically should, if all things were equal.
Clearly, all things are not equal. A gigantic animal like an
elephant or a whale, has the same 4% lifetime risk of
developing cancer as a dolphin, a manatee, or a wolf. This bit
of illogic occurring in the natural world was first pointed out by
a trio of British scientists, and became known as “Peto’s
Paradox,” after the most alliteratively named member of the
group. Although there have been many attempts to explain
Peto’s Paradox over the years, none has succeeded. Until now.
That is the exciting surprise awaiting you in this book. My



11

laboratory has solved the riddle of Peto’s paradox by
uncovering a heretofore unknown, fundamental equation of
vertebrate speciation. It is so fundamental that it must be
considered a natural law; hence its name, the lex naturalis .
Please forgive my exuberance, but it is not overstating to say
that the lex naturalis is the E = mc2 of biology. A big claim, I
know. But one that you are likely to agree with once you see its
power to explain past evolutionary outcomes, and even to
predict future ones.

Uncovering the lex naturalis revealed that cancer is a
fundamental force opposing vertebrate speciation, and that
unique, species-specific mechanisms of tumor suppression
evolved as a counterforce to neutralize this opposing force.
Species-specific mechanisms of tumor suppression thus enable
increased size to evolve without increased cancer risk. This
means that cancer is very different from one vertebrate species
to the next, because every species has evolved a unique,
species-specific mechanism of tumor suppression, and therefore
deals with cancer in its own unique way. I cannot stress enough
how different this is from the paradigm that has dominated, and
continues to dominate, cancer research for the past 50 years.
This dominant paradigm holds that cancer is pretty much the
same thing from one species to the next, and this dogma was
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used to support the idea that drugs for humans with cancer can
be discovered using mice with cancer to test those drugs. The
lex naturalis demolishes this paradigm, holding virtually the
opposite: Because unique, species-specific mechanisms of
tumor suppression exist for every vertebrate species, one
vertebrate species, such as a mouse, cannot be used to create a
valid model system with which to study cancer in another
vertebrate species, such as a human. The troubling offshoot of
this paradigm-demolishing discovery is that all of the drugs—
chemo and otherwise— that exist in the oncologists’
pharmacopeia have been discovered in mice! They are
therefore mouse cancer drugs, not human cancer drugs. This
undoubtedly explains the dismal 7% improvement in two-year
survival for cancer patients that has occurred over the past 27
years. 5 As oncologist Azra Raza has pointed out, 6 the same
32% of cancer patients that could not be effectively treated 40
years ago still cannot be effectively treated today. Death is the
relentless result of their illness. And with new cancer drugs
costing $1000 per day to produce only a few more months of
life, not only patients’ families, but our entire healthcare system
has been put on the verge of financial collapse. What about
drugs to treat cancer in dogs? Almost all of the drugs used to
treat canine cancer are doubly removed from the reality
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imposed by the lex naturalis because they were discovered in
mice , and developed as drugs in humans . Their use in dogs is
nothing but an afterthought.

But the news is not all bad. In fact, uncovering the lex
naturalis appears to have finally put into our hands the means
to win the war on cancer that President Nixon declared five
long decades ago. It provides a prescription, writ for both
ourselves and our dogs, that holds by far the most promise of
any discovery to date, to release both of our species from the
pincer grip of cancer. By showing us how to rejuvenate our
natural, species-specific mechanisms of tumor suppression, the
uncovering of the lex naturalis is poised to make cancer a rare
disease again, just as it was in pre-modern humans, and just as
it was— and still is— in wolves.

This discovery comes just in the nick of time for our own
species, as World Health Organization (WHO) projections
show that a quarter of a billion people will be newly diagnosed
with cancer during the coming decade— a catastrophe of
biblical proportions that is far beyond the capacity of any
imaginable healthcare system. The lex naturalis shows how we
can avoid this catastrophe, both the one in our near future, and
the one already occurring in our dogs. These are big, bold
claims, I know. But the evidence supporting the lex naturalis,
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and what it means for our two species, is overwhelming—
fitting together everything that we know about cancer, like a
solved Rubik’s cube. You will see this as you read this book.

Hang on. This is going to be an exciting ride.
But first things first. To understand how the lex naturalis

was discovered in dogs, we first have to unravel the origins of
the most profound of inter-species relationships ever to occur
on this planet. It certainly was not one that was preordained in
the stars.
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The origin of our dogs

When the Man awoke he said, “What is Wild Dog doing here?”
And the Woman said, “his name is not Wild Dog anymore, but
the First Friend, because he will be our friend for always and
always and always.”

Rudyard Kipling

The story of man and dog is one of the richest in the animal
kingdom. No other species has made such an impact on
humankind. No other species has so firmly rooted itself into our
families, to the point that we consider them to be equal
members. No other species— not horse, nor cat, nor bird, nor
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fish— makes us feel the way our dogs make us feel. No other
species makes us reach out a hand, or stoop to pet an animal
that we have never met before. We adopt no other species into
our lives the way we do our dogs. And no other species adopts
us the way our dogs do. A dog immediately knows when he or
she has been adopted by a human, and immediately responds by
loving and protecting that human, working hard to earn a place
in that family. The bond between dogs and humans is very, very
deep. This is because, for the past 35,000 years or so, humans
and dogs have been evolving together on this planet, almost as
if we and they were one biological unit. Our lives, our work,
and, recent evidence suggests, even the DNA of we and our best
friends have all been evolving in parallel. Several recent studies
have thus demonstrated that genes associated with adaptation to
severe environments, 7 with digestion and metabolism, 8 and
even cancer, 9 have undergone parallel evolution in our two
species. But with respect to the life histories of wolves and
humans, this kinship between canines and humans is a recent
phenomenon, preceded by millennia of hostility. This makes
the story of man and dog even more remarkable.

An unlikely alliance
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The initial, natural relationship between wolf and man was
strictly as blood, tooth and claw enemies— competitors for the
same game, the same water resources, and the same living
spaces. Humans would not tolerate wolves. Nor would wolves
tolerate humans. When wolf and man met, whether it be by
accident, or in contest over a carcass, attack by one or the other
was all but certain— an attack which had a very good chance to
be fatal to one or the other, because in relative terms, wolf and
man were roughly equivalent in their ability to harm each other.
At the time that man and wolf had come together, Homo
sapiens had invented new weapons, most notably the projectile
spear that could be thrown to kill at a distance. But on their
side, wolves had strength, speed, sharp claws and teeth, and the
fact that they traveled in packs. It did not help the relationship
that wolf furs were coveted for their warmth by humans; nor
that human flesh, particularly that of human young, was an
acceptable substitute for bison or deer for the wolf. There was
nothing in this initial relationship that gave any hint that
anything other than violence would ever come of it. Even
today, while we love our dogs, we are generally unmerciful to
wolves. They are hunted with almost instinctive fervor. Even
when they were on the endangered species list, exceptions were
permitted such that a wolf that posed a “possible threat” to
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livestock could be hunted and killed. As an example, consider
the demise of ‘06, a radio-collared female alpha wolf known as
832F to researchers, that was shot to death from a helicopter in
Wyoming in 2012, a chilling reminder of the decimation of the
American wolf population from an estimated 380,000 in the
early 1900’s, to about 2,200 today. We are not now and have
never been kind to wolves. In the entire history of the
Endangered Species Act , wolves are the only species to go
from protected to hunted in a single day. And although most
modern wolves have learned to keep their distance from
humans, that has not always been the case. Consider the wolf of
Gysinge , which killed and devoured 11 children and one adult
in central Sweden during a three-month period in 1820-1821.
The relationship between wolf and humans has always been
strained, so much so that there are only bad wolves in the fairy
tales that we tell to our children. I don’t know if we will ever
learn enough about animal communication to decipher what
wolf mothers tell their cubs about we humans, but I doubt that
it is complimentary. So how did these natural enemies, man and
wolf, come to eventually produce the most profound inter-
species alliance on the planet? To answer this question, let’s
start at the beginning. Where did the evolutionary trajectories
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of these two species, so bitterly at odds with each other, first
intersect?

Evolutionary origins of the wolf
You may be surprised to learn that the canid story begins in
North America. Here, in the late Eocene, about 39 million years
ago, a creature known as Hesperocyon , the first canid genus,
arose. Hesperocyon had long hind-limbs and a long back and
tale. At this time in North America, as well as virtually all of
the planet, the weather was beginning to cool down. The
Antarctic polar ice cap began to expand, producing cold water
that currents pushed around the globe, initiating dramatic
decreases in global temperature. Many of the animals of the
early and middle Eocene epoch that depended on the tropical
climate that had prevailed for millions of years were driven into
extinction by the drop in temperature that occurred during the
late Eocene and early Oligocene— the Eocene Oligocene
Extinction Event (EOEE). Two relatively large impacts have
been suggested to have precipitated the EOEE, sending debris
into the atmosphere that may have blocked solar radiation,
initiating what may have been as much as an 8 degree C
temperature change. These impacts caused the 40 km (25 mile)
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wide Chesapeake Bay impact crater , and the 100 km (62 mile)
wide Popiga impact crater in central Siberia. A new climate
marked by the advent of changing seasons began, giving
homeothermic (warm-blooded) animals such as mammals a
clear advantage over those that could not control their body
temperature. In North America, northern latitudes were covered
with forests, while mid latitudes were covered with grasslands
that produced the first large herbivores. Armadillos at this time
were ten feet long, and rhinoceroses were 18 feet tall and 27
feet long.

Hesperocyon appears to have been a canid adapted for
forest life. It probably focused on small rodents such as voles
and hamsters as its major food source, two species that also
arose at this time. By the early Miocene, about 23 million years
ago, Hesperocyon and several hyena-like and coyote-sized
canids that had evolved from it, all became extinct, with the
exception of two lineages known as Notocyon and Leptocyon .
The Notocyon lineage gave rise to a series of short-faced,
heavy-jawed, massive canids all of which appear to have died
out in the middle Miocene, about 20 million years ago. It is the
small fox Leptocyon that survived the rigors of the Miocene,
giving rise, in North America, to three genera: Canis, Urocyon,
and Vulpes . Urocyon and Vulpes are two species of fox that
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survive today— the gray fox, and the true, or red fox. The
canines from which wolves, and eventually dogs would evolve,
appear to have arisen in what is now the southwestern United
States, about 9 million years ago. Each of these genera adopted
different survival strategies, exploiting different prey species,
different methods of hunting, different body size, different life
spans, and as we shall discuss in detail, improved mechanisms
to suppress cancer that were required to increase body size and
lifespan during speciation.

One of the features that apparently helped the Canis genera
thrive and populate the rest of the world was the development
of paired upper and lower teeth capable of both shearing and
chewing. And indeed, populate the rest of the world canids did.
From their birthplace in the American southwest, canids spread
to Eurasia 8 million years ago; to western Europe 6 million
years ago; and to Africa 4 million years ago, during the age of
our early ancestor, the Australopithecines , and 3.8 million
years before the first members of our species, Homo sapiens,
would arise there.

The evolution of these dispersed canids continued in
response to the different environments they colonized. The gray
wolf, Canis lupus , became fully developed as a species in
northern Eurasia about one million years ago. 10 This particular
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wolf species became spectacularly successful, by the end of the
Pleistocene reaching virtually every accessible habitat on the
planet. By three hundred-thousand years ago, Canis lupus had
spread all over Europe and Asia. And when the Bering Strait
between Eurasia and North America dried up, creating a land
bridge (Berengia), Canis lupus crossed back into North
America, the origin of her ancestral species.

Upon her arrival in North America, the gray wolf had to
compete for a time with the dire wolf ( Canis dirus , “fearsome
dog”), a much larger, extremely muscular canid species (re-
imagined in the popular series, Game of Thrones ), but one that
may have lacked the brain power of Canis lupus . (For why else
would so many dire wolves and so few gray wolves be at the
bottom of the LaBrea tar pits? https://tarpits.org/topics/dire-
wolves ). Equipped by evolution to be the master of virtually
any environment, the gray wolf thrived while the dire wolf
succumbed to extinction. The ability to adapt to any
environment was the tool kit that Nature had provided to Canis
lupus — a tool kit that some enterprising members of this
species would eventually offer in barter to the upstart, oddly
bipedal, relatively hairless creatures now moving out of Africa,
spear in hand, competing with them for resources.
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Evolution of Canis lupus familiaris, the
modern dog
In this book, I refer to the wolves that initiated first contact with
humans as epi wolves. I do so because I believe that epigenetic
processes played a critical role in the establishment of the
collaboration between wolves and humans. Epigenetics refers
to modifications to the genome that regulate the way it is
expressed— which genes are transcribed, and translated into
protein, and how actively that transcription and translation
occurs. One epigenetic process that regulates transcription is
called DNA methylation, a process in which specific cytosines
in DNA— usually cytosines next to guanine, so-called CpG
dinucleotides— are methylated on their 5-carbon atom, creating
5-methylcytosine. Researchers have shown that epigenetic
processes such as DNA methylation are capable of recording
early life experiences as semi-indelible marks upon the brain,
epigenetic marks that can alter behavior. 11 Other researchers
have found that differences in the methylation status of a
variety of genes known to be related to behavior distinguish
wolves from dogs. 12 Applying this work to first contact, I
hypothesize that the first successful, lasting collaboration
between wolf and man relied not only on the wolf— probably
female— that initiated first contact with humans, but even more
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so on her offspring who would have been epigenetically
imprinted with the knowledge that these particular humans
need not be feared— knowledge obtained by observing their
mother. In turn, the offspring of these epi wolves would have
reinforced this epigenetic imprinting upon their pups, and so
on, down through the generations. In my writings published in
the scientific literature I have proposed that such epigenetic
changes, which are reversible, eventually undergo transition to
genetic changes, which are much less easily reversible. In this
way, over time, learned behaviors can transition into instinct.

Most people believe that humans created the dog by
domesticating the wolf; that we took wolves from the wild and
gradually taught them how to help and protect us. Nothing
could be further from the truth. We did not create dogs by
domesticating wolves. Rather, an ancestral wolf with a mix of
neurobehavioral elements probably far removed from most of
her kin approached our hunter gatherer forebears and proposed,
so to speak, a collaboration. In return for being allowed to feed
off the remains of the carcasses of animals that humans had
killed, such epi wolves would extend the sensory perception of
man many orders of magnitude. They would do this by using
their profoundly more sensitive olfactory and auditory senses to
detect the approach of potential enemies— man or beast— and
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warn the encampments of the humans who had agreed to the
collaboration. The establishment of such a collaboration
between wolf and man thus brought immediate benefits to both
species.

But contrary to what most people believe, we did not
initiate the relationship that led to the evolution of dogs. They
initiated the relationship with us. Or rather, their ancestor, a
species of grey wolf that is now extinct, did. More precisely,
one member of this now extinct species, an individual that was
almost certainly exceptional in certain aspects of its
neurobiology, made the deliberate decision to explore the
possibility of establishing a relationship with humans.

A recent large scale project led by a team from Oxford
University, but which involved many of the world’s experts on
canine evolution, has come to the tentative conclusion that dogs
were “domesticated” not once, but twice in human history—
once in East Asia, and once in Western Europe, and by way of
two apparently different sub-species of now extinct wolves,
Canis lupus variabilis , and the other an unidentified subspecies
of extinct Canis lupus . 13 These researchers began by
sequencing the entire genome of a 4,800-year old dog from a
bone that had been excavated from a neolithic tomb site known
as Newgrange , in Ireland. The Newgrange tomb site is large,
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and was built around 3,200 B.C.E. by Stone Age farmers. It is
thus older than both Stonehenge and the Egyptian pyramids.
The bone that was found there was part of the ancient dog’s
tympanum , part of the inner ear. The way this bone is
constructed, the DNA inside had been completely protected for
millennia, and the scientists were able to isolate pristine
samples for their analysis. (Many times, the analysis of such
ancient DNA is complicated by the presence of DNA from other
animals and from bacteria. But inside the tympanum, it is
completely isolated from the possibility of such contamination
.) This international research group also obtained mitochondrial
DNA from bones and hair of 59 ancient dogs living 3,000 to
14,000 years ago, and compared them to the genomes of 2,500
modern dogs that had been previously reported. (Mitochondrial
DNA is often used in such studies because it is passed down
through the female lineage only, making it less complicated to
analyze, and because in any ancient cell under investigation,
there are several thousand copies of a target mitochondrial
gene, compared to just two copies of most genes from nuclear
DNA; this large number of copies of genes makes isolation and
analysis of mitochondrial DNA easier .) As noted above, the
end result of this complex set of analyses indicated that dogs
were “domesticated” twice— arising independently from two



27

now extinct wolf lineages on opposite sides of the Eurasian
continent. This also roughly fits the available archeological
data, which is replete with dog fossils in the East and West that
are 12,000 or more years old, but in which there are no fossils
from central Asia that are older than 8,000 years. Another twist
to the story is that the dogs from the East seem to have replaced
the dogs from the West upon their arrival in Europe.
Apparently, the eastern Eurasian canines had some quality that
ancient Europeans found lacking in their Western-origin dogs.
Perhaps dogs from the east had a more sensitive trigger to set
off their barking, making them better watch dogs; barking is not
something that wolves commonly do, as we will discuss below.

It is important to note that the field of canine origins as
delineated by genome studies is still in a state of flux. Thus,
another group of experts studying DNA from bone fragments of
Neolithic dogs dispute a dual origin, and showed that the dogs
that they studied had not yet evolved the requisite enzymes to
digest starch, thought to be an important adaptation occurring
in dogs that resided in farming communities. 14

Yet another group of researchers on an expedition to the
northernmost part of Eurasia, Russia’s remote Taymyr
Peninsula, used the effects of global warming to uncover
ancient bones. 15 They searched river banks in Taymyr at spots
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where the permafrost had melted to reveal the remains of
Wooly Mammoths and other long dead animals. Among these
bones they found a rib from which it was possible to isolate
DNA and sequence it. This analysis showed that it was an
extinct sub-species of wolf that was ancestral to both modern
dogs and modern wolves. Carbon dating showed that the wolf
from which the rib bone had come had died 35,000 years ago.
A jaw bone, from a different wolf, was found to be even older.
When compared to the genome of modern dogs, the genome
sequenced from the Taymyr wolf’s rib bone suggested that the
ancestors of today’s dogs split from the ancestors of modern
wolves as far back as 40,000 years ago— much earlier than the
dates proposed in most other genetic studies utilizing modern
wolves and dogs. 16 , 17 , 18

So, putting all of the evidence together that is available at
this moment, Canis lupus and Homo sapiens appear to have
initiated long-lasting alliances possibly twice, at roughly the
same time, but at opposite ends of the huge continent of
Eurasia, between 30 and 40 thousand years ago. This story of
the origin of dogs will almost certainly have further twists and
turns as more ancient canine remains are discovered, and
further canine DNA is isolated and sequenced.
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The Last Glacial Maximum
The wolf’s evolution into the dog was in full swing during what
is known as the Last Glacial Maximum, a period in Earth’s
history when ice sheets were at their greatest extension from
the poles. Imagine a landscape in which mobile glaciers from
the Arctic were slowly expanding southward, scraping the earth
like great, frigid chisels and pushing everything in their path
southward. The world at this time was inhospitable, cold and
windy, with frequent storms and a dust-laden atmosphere. It
was a harsh landscape for humans to endure; harsh, too, for the
wolf; even one so well-equipped by Nature as Canis Lupus .
This extension of growing ice sheets reached its maximum
about 22,000 years ago, after which the ice began to slowly
retreat as a result of a natural global warming, leaving a boulder
strewn landscape marking its edges. 19

The most extensive biome on the Earth’s surface during the
Last Glacial Maximum, known as the mammoth steppe , was
characterized by an arid, cold, savannah-like climate covering
most of the northern hemisphere from Spain to North America
and from the arctic islands to China. It has recently been
demonstrated by analysis of ancient seed DNA that the
vegetation of the mammoth steppe was dominated by forbs, a
kind of herbaceous, broad-leafed flowering plant with a very
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high nutritional value. The animals that consumed these forbs
and were able to thrive in this landscape included the wooly
mammoth, the bison, the woolly rhinoceros, the giant sloth and
the ancestral horse. The mammoth steppe was the environment
in which an ancestral wolf consolidated its relationship with
man, and began its long evolution into the dog. It was an
environment dominated by mega fauna for which puny humans
should have been no match, and which also presented a
significant challenge for even a pack of wolves accustomed to
hunting together. Such mega fauna not only included the
mammoths, giant sloths, rhinoceros and bison mentioned
above, but also a preternatural hunter whose prey certainly
included our ancestors. This hunter we now call Smilodon, the
saber-toothed lion. One can only imagine by what feared name
our ancestors knew this giant cat— imagination surely
amplified by recently discovered fossilized footprints of a giant
Smilodon tracking her probably human prey 50,000 years ago
along an ancient Argentinian beach. 20 The enormity of these
footprints shows what our ancestors were up against if this
huge, killer cat caught their scent.

Were epi wolves dumpster divers?
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It used to be a common idea that some wolves began to evolve
toward the modern dog by frequenting human trash heaps,
where they could scrounge for food scraps. That idea was
discarded by most anthropologists and paleontologists when it
was discovered by genetic analysis that dogs separated from
their wolf ancestors when humans were still hunter gatherers,
and long before the advent of human agriculture, which
occurred only recently, about 10,000 years ago. It is assumed
that hunter gatherer societies did not stay in any one place long
enough to produce trash heaps, which would have been a
signature of later agricultural societies. But one might consider
that trash heaps come in all types and sizes. It is believed that
human hunters scouring the mammoth steppe routinely killed
large mammals, even the largest, the wooly mammoth. In fact,
there is credible evidence to suggest that the disappearance of
the wooly mammoth, and the other large mammals that roamed
North America during the Last Glacial Maximum, was caused
by human predation upon them. 21 Certainly, humans that had
dispatched a wooly mammoth, a giant sloth, a wooly rhinoceros
or a bison would consume as much of the carcass as they could,
collecting the pelt for clothing, the meat for consumption, and
so on. But even the most frugal hunter gatherers would have
left behind considerable remnants from the carcass of such a
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large animal. These carcass remnants were themselves “trash
heaps” of a sort— the hunter-gatherer sort. It is possible that the
association between wolves and humans may have begun by
wolves scavenging at the remains of such human predation. Is
that why dogs have such a fondness for bones? It may have
been the least dominant of the wolves— those that fit into the
hunting nature of their packs least well— that would be most
attracted to scavenging at such carcass refuse sites as an
alternative survival strategy. Let’s consider this idea in a little
more detail.

Canis lupus evolved to be a pack hunter. Unlike bears, or
even the more closely related jackals and hyenas, Canis lupus
alive today almost never resort to scavenging human garbage.
They will eat carrion left by human hunters at kill sites, but no
trash scavenging problem exists with wolves, as it does with
bears raiding human refuse sites. The Canis lupus alive today
prefer to hunt, just as they did 200,000 years ago when Homo
sapiens first arrived on the scene. It is not in their nature to
approach human habitation with the purpose of scavenging a
meal, the way hyenas are known to do. 22 When pressed upon
by encroaching humans, gray wolves just move further north,
and keep hunting. They are an ancient species, much older than
ours, and set in their ways, a logical strategy in as much as
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those ways have been so successful. How we see them behave
today is how they behaved millennia ago. Our mistrust of them,
and theirs of us, remains as it was millennia ago. Unfortunately,
that will never change.

But we know that it did change once, perhaps even twice,
for at least some wolves, and some humans. What enabled the
collaboration to commence between two such profoundly
opposed species? The answer to this question, I believe, can be
found in the science of outliers. The large-scale studies noted
above that show two long-lasting canine-human alliance events,
one in East Eurasia and one in West, really identify the advent
of a dog industry; two separate dog industries, in fact, separated
by the breadth of a continent. Certainly, prehistoric humans
wanted whatever new invention their neighbors (or enemies)
had acquired just as much as we do today. When was the last
time you saw someone without a cell phone at the ready? The
“invention” of the dog must have swept through early human
culture like iPhones did in modern times. Dogs enhanced the
sensory perception of humans by many orders of magnitude.
Humans, for example, have a limited, one-dimensional sense of
smell. We can detect that a smell exists, but not much more.
Canines have a four-dimensional sense of smell. They can
detect not only the presence of a smell, but also the exact
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direction from which it is emanating, and when it was placed
there. 23 It appears that canines even have the ability to smell
the time of day from the scent of the earth, which changes as
the position of the sun warms it differently with each passing
hour, increasing or decreasing the concentration of volatiles in
the air. The way that we see the world— with our eyes— dogs
smell it. Even though the canid brain is one tenth as large as the
human brain, that part of the brain that is devoted to olfaction is
40 times larger in the dog than in humans; and, depending upon
breed, dogs have between 125 million to 300 million scent
glands compared to about 5 million in humans. This translates
to a canid sense of smell that is 10 million times more sensitive
than that of humans. A dog’s auditory system is also superior to
that of the human— they can hear things four times as far away
as humans can, and the range of their hearing— how high or
how low in frequency— is about twice as broad as that of man.
Dogs thus truly do sense the world differently than we do, and
adding their senses to ours must certainly have helped our
ancestors.

Canines may have given our hunter gatherer ancestors an
evolutionary edge over similar, competing groups of humans,
such as the Neanderthals. Thus, while there is abundant fossil
evidence that Homo sapiens had canine companions, there is no
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evidence whatsoever that Neanderthal tribes did. Pat Shipman,
a retired Adjunct Professor of Paleontology at Penn State
University, has theorized that this may be one reason that the
Neanderthals went extinct. 24 In ancient times, a family without
a dog was at a disadvantage compared to a family with a dog.
Dogs could protect a family at night, providing warning of any
approaching enemy, man or beast, and with their incredible
olfactory senses they could help in the hunt during the day.

It has recently been demonstrated that dogs process the
faces of human beings in a different part of their brain than they
do the faces of other dogs. 25 Thus, the special relationship that
dogs have created with humans appears to be hard-wired into
them. Like the dogs of today, epi wolves and the early dogs that
they gave rise to, clearly must also have had the remarkable
capacity to process human faces in fine detail, to identify their
human collaborator, and a sort of hard-wired emotional
attachment and loyalty to that person, or to that family. Just as
epi wolf pups may have learned from their epi wolf mothers
that particular humans need not be feared, subsequent
generations of epi wolves raised by particular humans could
receive the same information from their human “mothers”
(male and female.) Their deference, embedded epigenetically,
was reserved for their human “mother,” and for other humans
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designated as friendly by their human “mother.” With regard to
strangers, epi wolves reverted to their ancestral behavior. This
neurobehavioral quality of being able to recognize individuals
and develop allegiance to them, along with their incredible
olfactory and hearing abilities, made alliance with an epi wolf
of tremendous survival value for our species.

The industrialization of the dog
From the start, the cooperation between man and epi wolves
was a two-way street. Each gained from association with the
other. With their keen olfactory sense, epi wolves that had been
adopted into a human tribe could track and corner game too
large for them to kill by themselves. With the invention of
throwing spears, early Homo sapiens could follow behind,
following the barks and howls of their hunting partners. When
they arrived on scene to find a mammoth or other mega fauna
creature cornered by their epi wolves, they could stay back, out
of harm’s way, throwing spears from a distance until the beast
was dead.

Such increases in sensory perception gained by our hunter
gatherer forebears by their association with epi wolves had
many uses. Inter-tribal conflict was probably rampant as our
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primitive ancestors competed for the limited resources that the
harsh glacial environment provided. Attacks by rival tribes for
food and females were probably commonplace, and the epi
wolves that had adopted a particular human tribe could warn
that tribe of the approach of strangers. Human attackers were of
course not the only dangers that epi wolf-adopting tribes faced.
As noted above, the mega fauna inhabiting the mammoth
steppe included human kinds’ most deadly predator, the saber-
toothed cat, a massive beast that probably found our species to
be quite edible, and easy to catch. That large cats can exist on a
diet exclusively of humans was demonstrated by the Tsavo
lions, two sibling felines that killed and devoured 75 of the
workers attempting to build the Kenya-Uganda railway in 1898
— a time when firearms were present on scene (but dogs were
not.) Once a big cat has developed a taste for human flesh, or
becomes attracted to the ease of catching them as compared to
other wildlife, they can specialize in the catching, killing and
eating of humans as their preferred food source. This, the Tsavo
lions clearly showed to us.

The largest of the saber-toothed cats was Smilodon
populator , which reached a weight of 1000 pounds (a modern
tiger reaches a weight of about 600 pounds). This gigantic cat
had enormous claws and canine sabers that extended from their
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jaws fully twelve inches. Smilodon populator has the
distinction of being the only prehistoric cat known to have
driven an entire species into extinction. The victim of this
annihilation was itself a formidable predator, the saber-toothed
cat-like marsupial Thylacosmilus — which probably also had
our hunter gatherer ancestors on its menu. Thylacosmilus
disappeared in the fossil record almost immediately after
Smilodon entered the marsupial’s home range of South
America. Perhaps it was man’s association with epi wolves that
were evolving into dogs that prevented Homo sapiens from
joining this list of species made extinct by Smilodon . But at
some point after dogs became commonplace in human cultures,
the tables were turned on the saber-toothed cats, and Smilodon
was driven into extinction about 12,000 years ago. Would
humans have been able to drive Smilodon into extinction,
instead of the other way around, without the dog by our side?
Most people have witnessed how dogs protect their human
masters from threats such as bears. One can imagine early dogs
behaving the same way toward Smilodon . In a face to face
encounter with a thousand-pound saber-toothed cat our early
ancestors would clearly not have fared well, throwable spear or
not. But with his dogs feinting and charging, feinting and
charging, distracting such a giant cat, the human may have been
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able to position himself to the cat’s unprotected side, from
which a lethal spear throw to the heart could be possible. The
barking of such dogs would also have alerted other members of
the tribe to come with their spears and lend assistance in the
slaying of the distracted saber tooth. Certainly, the timing is
correct for this scenario, as our current understanding of the
origin of the dog places that origin well before the extinction of
Smilodon and his cousins. It was not the loss of prey which
drove Smilodon into extinction, because wooly mammoths and
the other mega fauna did not become generally extinct until
10,000 years ago, with populations surviving on St. Paul Island
until 5,600 years ago, and on Wrangel Island until 4,000 years
ago.

Although the exact cause of the extinction of Smilodon
remains controversial, I will put my money on the evolution of
the man/dog interspecies collaboration as the most probable
cause. If dogs had not evolved when they did, perhaps Homo
sapiens would have gone the way of Thylacosmilus . Perhaps
some genetic remnant of this memory is why dogs still
generally have an adversarial relationship with cats to this day.

But all of this represents the industrialization of the dog. It
does not say much about the creation of the dog. This
industrialization of the dog would be somewhat analogous to
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the business person today who spots a new invention and says,
“now that’s something I could sell.” An enterprising hunter-
gatherer entrepreneur who got his hands on a few dogs could
see that he had a bright future ahead of him. Everyone would
want one of these. But again, this is about how the invention of
the dog moved from East to West and then throughout the
world. It tells us the how of the gene flows of dogs that
geneticists are able to detect by careful sequence analysis of
modern and ancient dogs and wolves. It does not tell us very
much at all about the creation of the dog from the wolf.

The earliest alliance of man and wolf
As noted above, dogs show attachment and loyalty to humans,
qualities that are not associated with the gray wolf. Not at all.
So where did they come from? How is it that dogs retain the
sensory enhancements of their ancestral wolves, but have
acquired new traits that not only allow them to tolerate Homo
sapiens , but which create an urge in Canis lupus familiaris to
attach themselves to human beings; in fact, to devote
themselves to particular human beings? What turned some
members of Canis lupus into Canis lupus familiaris ?
Somewhere in the East, and also somewhere in the West, one
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particularly receptive wolf, our epi wolf, approached one
particularly receptive human, and a collaboration was born. But
what made these individuals, from these otherwise warring
species, different? What made them receptive to each other?
What allowed their collaboration to get off the ground?

DHEAS: The secret ingredient that enabled
the bond between humans and dogs
Dehydroepiandrosterone sulfate (DHEAS) is an androgenic
steroid that serves as a precursor for the synthesis of
testosterone and estradiol in vertebrate animals. It also acts as a
neurosteroid, influencing the growth, sprouting and survival of
neurons, 26 and participates in brain development during
adolescence. 27 Such broad neurological activity may enhance
the ability of long-lived animals to acquire and store memories,
enabling them to access those memories to assist in solving
future problems.

Virtually all vertebrates synthesize and secrete DHEAS in
their gonads— the exceptions being dogs and primates, which
synthesize and secrete DHEAS primarily from their adrenal
glands. 28 It is a fascinating aspect of comparative biology that
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very high levels of circulating DHEAS appear to occur
exclusively in primates, with the highest levels by far in
humans. In our species, DHEAS begins to be synthesized and
secreted into the circulation at adrenarche , a developmental
period characterized by the appearance of the zona reticularis
in the adrenal gland (adrena l = adrena rche) at about eight
years of age. Adrenarche is a distinct developmental stage in
humans, occurring prior to gonadarche. Whereas the purpose of
gonadarche is clearly the synthesis of the sex steroids that effect
sexual maturation in male and female vertebrates, the purpose
of adrenarche has been unclear.

My laboratory has recently identified an additional function
for circulating DHEAS—and in the process has uncovered the
purpose of adrenarche. It turns out that circulating DHEAS is
the central element of a tumor suppression mechanism that
evolved in primates— and in parallel in dogs, although to a
more limited extent . The evolution of this DHEAS-based tumor
suppression mechanism created the primate lineage, enabling
primates to evolve, over time, from mouse-sized creatures to
gorilla-sized (and even larger) species over the course of some
66 million years. 29 Such increases in size— which were of a
magnitude even greater than the evolution of the Blue whale
from the wolf-sized land mammal Pakicetus — would not have
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been possible without the simultaneous evolution of the
DHEAS-based tumor suppression system, and a variety of
additional “improvements” that occurred in the primate lineage
at every point characterized by new species with increased
body size. Each one of these “improvements” contributed to a
“kill switch” that is triggered in cells that sustain a potentially
cancer-causing mutation. The p53 tumor suppressor is the most
frequently mutated gene in human cancer, inactivated by
mutation in more than half of all tumors, and inactivated by
other means in virtually all of the rest.

DHEAS and DHEA are the Dr. Jekyll and Mr. Hyde
of androgen biology

When p53 is inactivated, the “kill switch” that my lab
uncovered is triggered, and large amounts of DHEAS from the
bloodstream are transported into the affected cell. Once inside
the p53 mutant cell, DHEAS is de-sulfated to DHEA, which is
the equivalent of turning Dr. Jekyll into Mister Hyde. Whereas
DHEAS is innocuous even when circulating at very high
concentrations in the blood, DHEA is an extremely potent
inhibitor of one of the most important enzymes in the cell—
Glucose-6-phosphate dehydrogenase (G6PD). Astonishingly,
DHEA is an uncompetitive enzyme inhibitor— a class of
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enzyme inhibition unique for its ability to rapidly become
irreversible, with potentially deadly results for the cell in which
it occurs. In the words of Athelton Cornish-Bowden, a famous
British enzyme kinetics expert:

“Any metabolic pathway in which uncompetitive
inhibition can occur can respond catastrophically to the
presence of inhibitor.” 30

Let’s first examine what happens in the normal cell in which
p53 is intact and active.

G6PD is the cellular “factory” where the co-factor NADPH
is produced. NADPH has many important functions in the cell,
but one of the most important is that it is required for the
synthesis of selenoproteins, many of which act as the “firemen”
of the cell. What “fire” is there in the cell that would require
selenoprotein “firemen?” Metabolic processes in the cell
produce a byproduct referred to as reactive oxygen species
(ROS), one example of which is hydrogen peroxide. ROS
oxidize— burn —cellular macromolecules, and if they are not
kept in check, they will burn down the cell. The selenoprotein
“firemen” keep ROS in check, preventing them from burning
down the cell. And how they do this is completely dependent
upon NADPH. Let me explain in a little more detail.
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HMG CoA reductase is a unique enzyme in intracellular
metabolism because it requires two NADPH molecules to make
just one molecule of its product, mevalonate. This makes HMG
CoA reductase, and the mevalonate pathway, very sensitive to
the intracellular concentration of NADPH. Mevalonate is a
critical intermediate in the synthesis of selenoprotein
“firemen,” because all selenoproteins require isopentenyl
pyrophosphate in order to come into existence. Selenoprotein
“firemen” also need to be continuously “re-charged” by
NADPH to remain active, and NADPH can therefore be
envisioned as the flame-retardant material in the fire hydrants
that the firemen use to keep ROS from burning down the cell.
In cells with functional p53, DHEAS remains in the circulation,
and therefore no DHEA forms inside the cell that could initiate
potentially irreversible, uncompetitive inhibition of G6PD. In
cells with active p53, then, selenoprotein “firemen” abound,
their fire hydrants are filled with NADPH, and ROS are
maintained at levels that are survivable by the cell.
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Figure 2.1 In normal cells with functional p53, G6PD factories
produce the NADPH required to both bring selenoprotein

“firemen” into existence, and to keep their fire hydrants full.

Now let’s examine what happens when p53 is inactivated in a
cell, causing that cell to become pre-malignant.

It had always been very puzzling why Nature would evolve
primates to have levels of circulating DHEAS that are hundreds
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of times higher than in other vertebrates— thousands of times
higher when the primate we are considering is human— when
its proximate metabolite, DHEA, is a deadly inhibitor of so
critical an enzyme as G6PD. My lab’s discoveries, first, that
species-specific mechanisms of tumor suppression are a
fundamental element of vertebrate speciation, and then, that our
species-specific mechanism of tumor suppression is based upon
DHEAS, explains this conundrum.
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Figure 2.2 Inactivation of the p53 tumor suppressor in a human
cell triggers the DHEA-mediated “kill switch” tumor

suppression mechanism, killing the cell by runaway ROS.

DHEAS (Dr. Jekyll) is kept at very high levels in the
bloodstream—i.e., literally right outside every cell—so that if a
p53 mutation occurs in any cell anywhere in the body, large
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quantities of DHEAS can rapidly be pumped into that cell and
converted to DHEA (Mr. Hyde). DHEA shuts off the flow of
NADPH. With no NADPH to fuel HMG CoA reductase, the
selenoprotein “firemen” disappear, their fire hydrants run dry,
ROS flare out of control, and the p53-affected cell burns down.
This ensures that pre-malignant cells that would have gone on
to become tumors are killed off while they are still at the single
cell stage. My lab has proposed that such a “kill switch” tumor
suppression mechanism fundamentally controls lifetime cancer
risk in both humans and dogs.

The purpose of adrenarche

So what is the purpose of adrenarche? Adrenarche ensures that
the “kill switch” tumor suppression mechanism becomes
operational just prior to the onset of adult body size. Why? The
whole point of species-specific mechanisms of tumor
suppression is that they enable a larger species to evolve from a
smaller one. The advantages of having a larger body size— to
revamp predator/prey relationships, to enable the traverse of
greater distances in search of food, etc.—is the driving force.
To evolve a bigger body size than its immediate ancestor, a new
species of vertebrate animal must simultaneously evolve an
improved tumor suppression mechanism— a species-specific
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tumor suppression mechanism— that is so superior to that of
the smaller ancestor that it maintains the smaller ancestor’s
cancer risk even with the bigger body that has more cells at
risk. But it is adult body size that is the driving force for tumor
suppression improvement. During their early development,
humans and other primates— indeed, all other vertebrates—
have a reduced cancer risk by virtue of their small body size.
This is because of the fact that such a small body contains a
much smaller number of cells at risk for malignant
transformation. But a big change in body size is about to begin
with the passing of adolescence, at which time cancer risk is
going to dramatically increase due to the much greater number
of cells that the much larger adult body is made of— if nothing
happens to offset that risk, that is. But something does happen.
In humans, adrenarche pours vast quantities of DHEAS into the
bloodstream just prior to the onset of adult body size, ensuring
that the “kill switch” tumor suppression mechanism comes on
line exactly when it is needed: when gonadarche starts building
the adult male and the adult female body. Peto’s paradox—
noted in chapter one— is thus resolved. Cancer risk does not
increase with increasing body size in different species because
new, larger species are not permitted to evolve from smaller
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ones unless they simultaneously evolve an improved, species-
specific tumor suppression mechanism.

But bigger body size is not the only way to improve the
chance of survival, especially in primates.

Bigger body size vs. increased exposure to cancer-
causing substances. The back and forth trade-off that
characterized primate evolution, especially for our
species

I have presented evidence elsewhere (see reference 29) that
exposure to carcinogenic polycyclic aromatic hydrocarbons
(PAH) that were kicked up into the biosphere by the Chicxulub
asteroid impact not only killed off the dinosaurs, but also
created the unique DHEAS-secreting adrenal gland that brought
the primate lineage into existence. I have further argued that a
subsequent impact, 10 million years later— the one that
initiated the so-called Paleocene Eocene Thermal Maximum
(PETM)— rendered the Earth re-contaminated with PAH, and
that these PAH carved changes into the primate genome;
changes that consisted of still further improvements to the
constantly evolving primate tumor suppression system. As
more and more such “improvements” evolved, they presented
primate speciation with three distinctly different opportunities.
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“Improvements” in their tumor suppression mechanism could
be “spent” creating new species with larger adult body size; or
new species with longer lifespans; or new species with the
capacity to tolerate increased carcinogen exposure— or, of
course, new species with some combination of these three
elements. The first primates, created by the PAH kicked up by
the Chicxulub impact, were tiny, exemplified by Archicebus
achilles , a diminutive basal Haplorrhine primate that is thought
to have weighed perhaps 38 grams as an adult. These
diminutive first primates had all they could handle acclimating
to the extreme PAH contamination caused by the Chicxulub
impact. So they “spent” all the capital derived from their new,
DHEAS-secreting adrenal gland tolerating such extreme PAH
exposure, remaining tiny.

One of the first improvements to the primate kill switch
tumor suppression mechanism, an improvement that occurred
during the PAH-contaminated PETM, was the deletion of a
portion of the Gulonolactone Oxidase gene (GLO), creating the
Haplorrhine lineage. Inactivation of GLO rendered the
Haplorrhine lineage unable to synthesize vitamin C, but this
was a necessary trade-off in order to enable G6PD inhibition to
become more toxic in p53-affected pre-malignant cells.29 A
little later in the PETM, GLO deletion was followed by an
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additional improvement mutation in the Glucose-6-phosphatase
gene (G6PC), creating the anthropoid lineage (Figure 2.3,
below). This G6PC improvement combined with GLO deletion
to drive DHEA inhibition of G6PD toward irreversibility.29

And exactly how this kill switch improvement was generated in
the primate genome is telling. Demonstrating how PAH
exposure shaped primate speciation during the PETM, the two
improvement mutations that occurred in the G6PC gene both
consisted of G to T mutations. Such G to T mutations are the
“signature” mutations of PAH, and are rare in the absence of
PAH exposure. 31

Anthropoid primates could “spend” the combined
GLO/G6PC improvement capital on increased body size, and
began to do so in their speciation strategies. But the
improvements to the primate kill switch tumor suppression
mechanism that would eventually produce our species were
nowhere near completed. Some 25 million years after the
PETM, a dramatic improvement in adrenarche created the
Catarrhine lineage, enabling primate speciation to further
deploy increased body size as a mechanism of niche
exploitation. This resulted in such species as Aegyptopithecus
zeuxis , whose body mass of about 6.7 kg represented a more
than 150-fold increase over that of Archicebus achilles (38
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gram) and other basal primates (Figure 2.3, below). But the
primate linege would have never gotten much larger than
Aegyptopithecus zeuxis if additional, major improvements to
the kill switch had not occurred. To see how this still
diminutive lineage produced gorillas, and orangutans, and other
large primates, we have to re-trace our steps to hunt for a
missing ingredient.

Long time no C

The loss of the ability to synthesize vitamin C was an
“improvement” in tumor suppression that was necessary for
primates to advance through the PAH-contaminated PETM, and
to become “poised” to increase body size (which would occur
after the G6PC mutations noted above). However, loss of the
ability to synthesize vitamin C deprived primates of one of their
most powerful antioxidants. This was not without negative
effect. Aging is thought to be the result of oxidation damage to
DNA and other macromolecules, and rate of aging is a primary
determinant of lifespan. Loss of the capacity to synthesize
antioxidant vitamin C thus almost certainly meant that primates
could not evolve the longer lifespans that make large bodies
efficient. Loss of the ability to synthesize vitamin C antioxidant
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thus acted as a barrier, preventing further increases in body size
in the primate lineage.

This barrier was overcome by two separate and distinct
mutations in the uric acid oxidase gene (UOX), one occurring
in gibbons, and another occurring in the hominid primates (see
Figure 2.3, below). UOX is the enzyme that in other species
degrades uric acid— another very powerful antioxidant. These
other species that degrade uric acid have active GLO, and can
therefore depend on vitamin C for their antioxidant needs. By
disabling UOX, the gibbons and the hominid primates
overcame their loss of vitamin C antioxidant, by replacing it
with uric acid antioxidant. Inactivation of UOX caused
remarkable increases in circulating uric acid— in humans such
levels can reach 400 micromolar— putting us and other
hominids at risk for the potentially debilitiating malady of gout,
a form of painful arthritis in which uric acid crystalizes in
joints. 32 But the advantages inherent in replacing vitamin C
with uric acid were apparently so great that it was worth the
risk of developing gout.

The hominids evolved even further manipulations of uric
acid physiology, in which uric acid transport was placed
directly under the control of p53. 33 SLC2A9 is the cell surface
protein that transports uric acid from the circulation into the
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interior of the cell. In hominid primates, cells with active p53
can use SLC2A9 to pump uric acid into their interiors, which
will then assist the selenoprotein firemen in controlling ROS
inside the cell. But in hominid cells in which p53 has been
inactivated, such inactivation switches SLC2A9 activity
completely off, depriving affected cells of uric acid antioxidant.
It is easy to see how this dramatically improved the primate kill
switch tumor suppression mechanism: In cells that experience
inactivation of p53— and are therefore in a pre-malignant state
— DHEAS is imported into the cell, de-sulfated to DHEA,
which inhibits G6PD, inhibiting the synthesis of selenoprotein
“firemen” and emptying their fire hydrants of NADPH. This
allows ROS levels to flare up out of control. Because p53 is
inactivated in the cell, SLC2A9 is switched off, preventing the
influx of uric acid that would otherwise dampen the ROS flare
up. In this way, the kill switch tumor suppression was greatly
improved, and the antioxidant barrier that had been preventing
significant increases in body size was removed. This resulted in
the evolution of such large primates as gorillas and orangutans,
and the extinct Gigantopithecus , which, at three times the body
mass of a gorilla, is believed to have been the largest primate
ever to have evolved.
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For a detailed analysis of the evolution of the kill switch
tumor suppression mechanism of primates, and in particular
that of our species, the reader is directed to the citations in
reference 29.

Figure 2.3 Primates evolved a lineage-specific “kill switch”
tumor suppression mechanism based on very high levels of

circulating DHEAS, and the irreversible uncompetitive kinetics
of DHEA’s inhibition of G6PD. Many “improvements” to this

kill switch evolved over time, and the value of these
“improvements” could be “spent” to increase body size,
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increase lifespan, increase tolerance to carcinogen exposure, or
some combination of these speciation events. The numbers

above each species show circulating DHEAS levels, relative to
human, which is set at 1.0.

Emergence of the killer primate
The last common ancestor of chimpanzees and humans— here
we will call this creature Pretor—distinguished itself from the
other hominidae by including red meat in its diet; i.e., it was the
first predator primate. This characteristic carried over to
Pretor’s descendants, such that chimpanzees conduct raiding
parties to capture, kill and eat smaller primates, and humans
took this to a whole new level, learning to kill the megafauna
that co-habited their landscape, and subsequently domesticating
cattle so that meat became a primary food source for our
species. Red meat is carcinogenic, 34 and red meat cooked over
a fire becomes enriched in PAH, making it particularly
carcinogenic. 35 This addition of red meat to the primate diet
could not have happened without species-specific
improvements in the kill switch tumor suppression mechanism
to accommodate this increase in carcinogen exposure. As
shown in figure 2.3, above, chimpanzees (and Pretor) increased



59

their levels of circulating DHEAS, and better focused
adrenarche on the period of time preceding onset of adult body
size. But their consumption of red meat did not approach that of
humans, as neither did their consumption of cooked meat—
although chimpanzees are known to preferentially scavenge at
recent sites of natural fire. 36 Humans thus evolved much higher
levels of circulating DHEAS as an important improvement in
their species-specific tumor suppression mechanism. Also,
adrenarche became completely separated from gonadarche only
in humans, enabling the kill switch to be activated more
completely before the onset of adult body size. The “capital”
obtained by virtue of these kill switch improvements was spent
primarily enabling the consumption of cooked red meat.
Although there were substantial increases in body size during
Hominini evolution— inter-tribal warfare and interaction with
large predators were strong selection pressures favoring
increased body size—the consumption of cooked red meat
significantly constrained increased body size. Consequently,
humans could never attain the body size of some of their fellow
hominids, which remained vegetarians.

Gorillas and orangutans followed such a vegetarian
evolutionary trajectory. This kept their carcinogen exposure
extremely low, enabling the gorilla to spend its kill switch



60

improvement capital on a dramatic increase in body size; and
the orangutan to spend much of its kill switch improvement
capital on an expanded lifespan— the word “orangutan” is
Malay for “old man of the forest.”

The company of dogs
Epi wolves exposed themselves to PAH-mediated genomic
stress when they began their collaboration with we pyrophilic
humans, joining us in our smoke-filled habitats. It may be that
this relationship never could have gotten off the ground were it
not for the fact that wolves, like primates, were made unique by
the presence of circulating DHEAS coursing through their
veins. And again like primates, female wolves uniquely
produce most of their circulating DHEAS from their adrenal
gland. While wolves/dogs have low circulating DHEAS
compared to primates, it is worth considering that, nevertheless,
those levels are 40 times higher than are found in mice, rats and
most other species (Figure 2.3, above). This level of circulating
DHEAS, combined with the smaller size of epi wolves and the
first dogs, compared to “wild-type” wolves, may have been all
that was necessary to tolerate the increased PAH exposure that
was part of their new life with humans. There is also the fact
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that smoke builds up from the ceiling down, and being four-
legged and lower to the ground, epi wolves/dogs had less
smoke exposure. They could also modulate such exposure by
remaining outside the human habitat when they needed to. The
parallel evolution of species-specific mechanisms of tumor
suppression based upon circulating DHEAS thus enabled our
two species to initiate and maintain this most remarkable of all
inter-species collaborations.
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Figure 2.4 Compared to other mammals, the evolution of
canine biochemistry and physiology has paralleled that of

humans. Epi wolves may have been able to form relationships
with pyrophillic humans because they, like primates, were

unique among vertebrate animals in having DHEAS-secreting
adrenal glands, and an analog of adrenarche. 37

Other ways that DHEAS helped establish the
relationship between epi wolves and humans
Like most biological features, such as the distribution of human
height in males and females of our species, biochemical and
behavioral features can be plotted as bell-shaped curves about a
mean, the mean representing the average expression of the
feature in the population. How far away a feature is from the
mean is generally measured in terms of standard deviation, as
shown in the figure below. As you can see, about 38.2% of the
values that comprise this normal curve lie within an area
stretching one-half standard deviation to the right of the mean,
and one -half standard deviation to the left. These represent
those values that are most closely related to the mean, the
average. Sixty-eight percent of all the values represented by
this normal curve fall within one standard deviation to the left
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and right of the mean, and so on, until we see that only about
0.1% of the total values lie three standard deviations to the left ,
and 0.1% to the right of this normal curve— representing
extremely rare values indeed. If we could draw our normal
curve to greater scale—, that is, if the size of the population
was very large— we would see that there might exist values
five, or six, or even more standard deviations from the mean—
exceedingly rare values indeed.

Figure 2.5 Standard deviation from the mean shows how far
away from average a feature is

It is very likely that our epi wolf occupied an outlier position in
the bell-shaped curve for a complex mix of wolf behaviors, and
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that being so far from the mean of normal wolf behavior
enabled it to initiate a new relationship with human beings. The
various biochemistries underlying epi wolf behavior would
have plotted out as a bell-shaped curve, with variability
extending in both directions away from the mean; those plots
would very likely have produced bell-shaped curves with
different means for male and female ancestral wolves, similar
to how human height produces different bell-shaped curves for
men and women. There would in fact be bell-shaped curves for
every imaginable body attribute, behavior, and underlying
biochemistry, making every wolf a complex mix of such
curves, and some wolves virtually unique.

DHEAS and the fight or flight response
All vertebrate species have built into them what is called the
“fight or flight ” response, a response that becomes activated by
the perception of a potentially life-threatening danger. The
amygdalae , two small almond-shaped clusters of nuclei located
bilaterally, deep within the brain, initiate the fight or flight
response, sending a signal to the hypothalamus that potential
danger has been detected. The hypothalamus incorporates all
sensory data and makes the decision as to whether the threat is
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real. If the threat is deemed real, the adrenal gland is stimulated
via the sympathetic nervous system and releases adrenaline
(epinephrine), and cortisol, which raises blood pressure and
increases blood sugar and the release of fatty acids into the
blood stream, preparing muscles throughout the body for
action. But at this point in the response to life-threatening
events, the canine and human species appear to diverge,
together , away from virtually all other vertebrate species.

In primates, the “fight-or-flight” response appears to exist
on a behavioral continuum, with the “fight or flight” response
sequestered toward one end, and an opposing, “tend and
befriend” response on the other. “Tending” refers to nurturing
activities that tend to reduce stress in both the giver and the
stressed individuals that the giver tends. “Befriending” has been
defined as the creation and maintenance of social networks that
assist in this process. In humans, testosterone seems to push
toward “fight or flight,” and so “tend and befriend” appears to
be a female response to stress more so than in males. 38 While
knowing when to run or fight certainly has survival value, so,
too, is it important for primates to be able to reduce stress by
the “tend and befriend” strategy.

As we noted above, cortisol is a primary mediator of the
“fight or flight” response, and therefore may oppose or even
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block the “tend and befriend” response. DHEA is well known
to oppose cortisol, blocking its effects on many levels. It has
therefore been suggested that the high levels of circulating
DHEAS may have evolved to permit our species to live
together in large groups (“tend and befriend” instead of “fight
or flight.”) 39 Co-habitation in large groups would offer a
common defense against prehistoric carnivores and competing
tribes, and would also have expanded the range of potential
mates, important for the maintenance of diversity in the
primitive human gene pool.

Are some of the aspects of DHEA-associated brain
development (for example, enhanced memory and attention)
that have been demonstrated to be operative in adolescent
humans, also emerging in the species with which we have
developed the closest relationship? Certainly, dogs, like
primates, show the ability to remember events and to use such
memories to later advantage. For example, border collies have
been demonstrated to be capable of learning the names of more
than 1,000 different objects; to be capable of executing a
variety of instructions given in reference to such a large number
of objects (for example to retrieve or otherwise manipulate a
specific object from a very large group); to be capable of
rapidly understanding the name of a new object by the process
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of exclusion (i.e, capable of identifying a never-before-seen
object by realizing that every other object already has a given
name); and to understand the concept of categories. 40 Clearly,
if DHEA contributes to memory and attention in dogs (the way
it has been shown to do in humans), this contribution alone
would be sufficient to explain the unexpected presence of
circulating DHEAS in canines. However, for our story, DHEA’s
opposition to cortisol, and therefore its potential to inhibit the
“fight or flight” response, and to promote instead the “tend and
befriend” response, may bear directly on the initiation of the
alliance that has occurred between our two species. As we have
noted, behaviors have complex biochemical underpinnings,
with the center of the bell-shaped-curve for a behavior
representing the most common expression of that behavior, and
the left and right ends of the bell-shaped-curve representing
rare variations of that behavior. I propose that epi wolves that
formed successful alliances with humans were those drawn not
from the mean of the bell-shaped-curve for “fight-or-flight,”
but rather from the other extreme in which “tend-and-befriend”
was the dominant behavior. Thus, successful epi wolves were
likely to be female, not male wolves, and small, even for their
sex. But they were also likely to be outlier females, with a
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variety of additional biochemical, physical, and behavioral
elements that were far from the mean.

The “cuddling” variable
A recent study has demonstrated that dogs, as part of their
socialization with humans, have acquired human-like methods
to bond with their owners. For example, human mothers and
their infants engage in something called “mutual gaze”— a
prolonged staring into each other’s eyes— which has been
shown to elevate oxytocin levels in both the mother and the
infant, creating a strong bond between the two. Oxytocin is part
of the brain’s reward system, and is well-known to increase
feelings of love and trust, important aspects of bonding. A
recent study by Miho Nagasawa and colleagues 41 showed that
dogs are able to elicit oxytocin secretion in their owners by
engaging in mutual gazing, similar to the way human infants
elicit oxytocin secretion in their mothers. Furthermore, in these
experiments mutual prolonged gaze by the dog elicited closer
interaction by the owner, such as petting behavior, which in
turn elicited oxytocin secretion by the dog. No such effect was
observed in wolves raised by hand from birth. To prove the
association of mutual gaze with oxytocin secretion, Nagasawa
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and colleagues administered oxytocin by nasal spray to a new
group of dogs before presenting them to their owners. Such
oxytocin treatment significantly increased the duration of
mutual gaze initiated by the dogs, which again increased
oxytocin secretion in their owners. These authors propose that
the evolution of such a self-perpetuating oxytocin-mediated
feedback loop participated in by dogs and their humans has
played an important role in the bonding that dogs have
established with us, and we with our dogs. I agree with them.
But I also believe that DHEAS played an equally important,
perhaps even more fundamental role in the establishment and
deepening of the relationship between humans and canids.
Since current wolves do not engage in mutual gazing with
humans, this behavior must have been extremely rare among
potential epi wolves, further stratifying them from the other
wolves alive at the time.

Another recent discovery may bear upon the hyper-
sociability of dogs toward humans that they have bonded with.
In a study led by Dr. Bridgett von Holdt of Princeton, gene
variants in canines were observed within the same genetic
region in which deletion in humans causes Williams-Beuren
Syndrome (WBS). 42 Patients with WBS are slow to fully
develop, retain childlike features into adulthood, and possess a
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hyper-sociable personality. 43 One of the sociability genes that
resides in the deleted region of WBS patients is known as
GTF2I, which codes for a protein that binds to and controls the
expression of many other genes. One of the main functions of
GTF2I appears to be to regulate oxytocin’s effects. Thus, when
GTF2I is deleted, as in WBS patients (or it is modified by less
drastic changes, as in dogs), a hyper-sociable personality is the
result- apparently GTF2I deletion releases oxytocin from all
constraint to work its socializing magic. But in other humans,
who have the GTF2I gene duplicated , creating extra copies of
the protein, oxytocin is prevented from working; such
duplications are observed in patients with certain forms of
autism spectrum disorder, and result in anti-social, aloof
behavior. 44

There is a direct connection between DHEAS and oxytocin.
Both serum oxytocin and DHEAS are reduced in young
patients with Attention Deficit Hyperactivity Disorder (HDAD)
complicated by aggressive behavior, 45 and administration of
DHEAS to near term pregnant women has been shown to
elevate serum oxytocin levels. 46 Clearly, DHEAS and oxytocin
are part of a biochemical pathway that remains to be fully
described. In my studies I have observed, as I have noted, a
profound response in dogs administered DHEA. The response
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is near universal, even in very sick dogs. It is a remarkable
thing to see. I have proposed that both the epi wolves who
initiated interaction with humans, and the humans who
accepted that interaction, may have had unusually high levels
of circulating DHEAS, enabling that interaction.

The “Woof! Woof! Woof!” variable
Even with their extremely acute olfactory and auditory senses,
epi wolves would not have proved useful to early humans
unless they actually used those acute senses for the benefit of
the human tribe to which they became attached. This eliminated
the vast majority of wolves, even those with a dominant “tend-
and-befriend” behavior pattern, because wolves do not bark .
Barking is a very rare phenomenon in wolves, accounting for
only about 2% of their vocalizations. 47 Barking is a behavior
much like any other in that its occurrence will plot as a bell-
shaped-curve. But in this instance, it is not barking, but rather
the absence of barking (or barking only 2% of the time when
vocalizing), that represents the mean of the bell-shaped-curve.
Moving four or five or six standard deviations to the left of the
mean, there will be wolves that bark incessantly (probably
driving their pack mates crazy.) It was from this pool of rare
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wolves that successful epi wolves were drawn, a pool made
even smaller by the fact that they also had to have “tend and
befriend” as their dominant interactive behavior.

“Detect-and-Protect”
There were clearly additional behaviors that were important for
epi wolves to have, behaviors that were equally as rare. For
example, dogs are well known for their bravery in defense of
their humans. In fact, just this evening on the news there was a
story of a woman who had been attacked and nearly killed by a
large, predatory bear in Western Pennsylvania, the woman
having been drug by the bear by her leg more than 90 yards
before her chihuahua successfully got the bear to loose its grip,
and then stayed between the woman and the bear while she
crawled to her escape. 48 This is an example of a fact of which
we are all aware: our dogs are completely fearless in our
defense. While the biochemical underpinnings of this
fearlessness in defense of their human is at present unknown, it
may be closely related to the bonding solidified by oxytocin
secretion. Thus, with respect to the trait of barking upon
detection of a threat, and fearlessness in defense of their
human, I refer to these behaviors together as “detect and
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protect.” Clearly, a simple two-dimensional bell-shaped curve
is inadequate to describe the behavioral variables that enabled
an epi wolf to establish a long-lasting relationship with a
human. In the three-dimensional bell-shaped curve below, the
red cube barely visible at the intersection of the “tend-and-
befriend” and “detect-and-protect” X and Z abscissas, and near
the base of the Y ordinate, is meant to convey the rarity of all
the requisite behaviors occurring in the same epi wolf.

Figure 2.6 Multi-variable representation of the biochemical
and behavioral variables that may have uniquely qualified epi-
wolves to initiate contact with humans. The tiny red rectangle

represents the rare combination of behavioral, neurobiological,
and neurochemical features that distinguished an epi wolf from

her peers, and made her seek out human contact.
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To summarize the qualities that I believe our epi wolf must
have had:

1. First and foremost, our epi wolf was almost certainly
female.

2. She had much higher than average circulating levels of
DHEAS, which blocked the cortisol-mediated “fight-or-flight”
response, favoring the “tend-and-befriend” response instead.

3. Her higher than average circulating DHEAS (and its
enhancement of memory and attention) may have made her a
“thinker” among her peers, much less quick to act on instinct,
much more open to new possibilities.

4. She was probably on the slow end of the growth curve,
smaller than most of her peers, with a tendency to resolve
conflict by “tend or befriend,” cowering and submissiveness, or
some other mechanism that did not involve aggression.

5. She was probably a poor hunter, and did not fit well into
the organized hunting parties of her pack.

6. She had a strong tendency to bark, which may have
contributed to her failure as a hunter.

7. She was the most submissive member of her pack, her
high DHEAS levels causing her to almost always choose “tend-
and-befriend” over “fight-or-flight.”
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8. She was probably constantly hungry, as her less
aggressive attitude often made her last to feed at a carcass.

9. Being of higher intelligence for a wolf, she could realize
that hers’ was an untenable situation.

10. She may have been expelled from her pack by an alpha
female.

The Artemis hypothesis of epi wolf
“domestication”
Was the unique behavioral, neurobiological and biochemical
makeup of our female epi wolf enough to initiate the
relationship with humans? Almost certainly not. In the harsh
reality of the paleolithic, most humans would have killed any
wolf that they could get close enough to hurl a spear towards.
This would certainly have been true for the male hunters of
virtually all paleolithic tribes, alpha males all, perhaps led by a
super alpha male. Any stray wolf unlucky enough to come into
contact with such a band of primitive humans would have met
with a swift and ignominious fate, her teeth quickly adorning a
necklace, her fur turned into a fine, if small blanket.

And our epi wolf would have almost certainly been a stray,
forced out of her pack.
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But imagine a different kind of first contact; one in which
the members of each participating species were both outliers—
individuals who were both quite some distance from the mean
of their respective bell-shaped curves, one wolf, one human.
Thus, the epi human was probably also an outlier with respect
to average human behavior. It is possible that the epi human
was a male, but I don’t think so. Male bonding in hunter
gatherer societies must certainly have been extreme, and
rigorously enforced, with little chance for any tribesman to live
very long as an outlier. In my opinion, the epi human that
enabled the relationship with the epi wolf was an outlier
female; an independent woman who rejected aspects of her
hunter gatherer society, and thereby prevented herself from
getting pregnant and heading down the normal path of a
gatherer female. Perhaps she was an accomplished huntress.
She may have been the Artemis of her tribe, deeply communing
with nature and rejecting the attention of men. In Greek
mythology, Artemis was the goddess of wild nature, the
mistress of animals. Artemis not only hunted animals, she also
protected them. Like Artemis, perhaps this epi woman had a
powerful father who could protect her from tribal aggression;
one who would listen to her ideas and her different ways of
looking at the world and not just dismiss them as the alpha
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males in her tribe would. Perhaps she had a father who had
enough control over the tribe that he could enforce her idea to
let the nearby female wolf and her cubs alone…

The epi wolf had watched Artemis at her secret place
for several days, keeping quiet and hidden, and always
downwind. Hungry, cold and alone, she had finally run
out of options. One morning, soon after Artemis had
arrived, the epi wolf came out of hiding and approached
Artemis submissively, crawling on all fours, eyes down
except for furtive glances for weapons. Artemis was
startled at first— this was a wolf approaching her, after
all— but instead of reflexively reaching for her spear,
something inside her staid her hand, and compelled her
to watch, and wait. You see, Artemis, like the epi wolf
approaching her, had higher than normal levels of
circulating DHEAS, so she was right-shifted, away from
the “fight-or-flight” reflex, and toward the “tend-and-
befriend” reflex. Artemis and the epi wolf stared at each
other for a very long time without moving, each one
wondering if this was really happening; if this member
of the enemy species was different; if this one might, just
might, be trusted. Artemis may have made the first
move, offering the hungry epi wolf a piece of dried
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jerky. Once the epi wolf accepted and devoured it
hungrily, more was offered. Then Artemis noticed
something that she had never seen in a wolf before. This
one was gazing straight into her eyes; holding that
gaze. A gaze that appeared to be communicating
something. But what? Appreciation? Submission?
Friendship? Then Artemis understood. The epi wolf’s
gaze was communicating trust. “I am going to trust
you,” the epi wolf was saying. Silently, the epi wolf
might be adding in her thoughts, “I have no other
choice. You have not attacked me yet, so perhaps you
are different; as I am different.” But the epi wolf’s
uninterrupted gaze made Artemis feel something special
for this young wolf laying submissively just a few feet
away. Artemis handed the epi wolf more jerky, and
more, until her day’s provisions were exhausted. When
the submissive wolf inched closer, Artemis laughed and
tried to show her that the bag was empty; there was no
more food. But then she realized, as the exhausted
young wolf laid its head upon Artemis’s thigh, that it
was not food that the wolf was after. It was trust; it was
safety; it was companionship. With some hesitation, but
hesitation overcome, Artemis laid her hand upon the
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wolf’s head. “Yes, you can trust me,” she said softly,
hoping the wolf would understand her meaning by her
tone. “Yes, we can be friends. You are safe with me. And
I won’t let anyone else hurt you, either.” After a
moment, she stroked the wolf’s head with a downward
movement of her hand, in what was the first petting of a
canine by a human. Oxytocin was secreted in each of
their brains, and coursed through their veins, forming a
bond between them.

Artemis kept her epi wolf hidden in her secret place,
which she knew was safe; it was a place that no one else
ever went to. Every day she came to the site with more
food, and the wolf would quickly reappear. They would
play together, and the wolf would end each play session
by nudging, her way to ask for more petting, which she
always received. The bond between them grew stronger
and stronger.

After a few weeks, Artemis noticed that the epi wolf
was pregnant. This is when she went to her father,
Zeuxis, chief of the clan, and told him about the wolf.
Zeuxis, being protective of his daughter, as any father
would, insisted upon seeing this wolf that Artemis
claimed was not really a wolf— at least not like any
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wolf the clan had ever known before. When they
approached together, the epi wolf reverted to her
aggressive heritage, growling and snarling at this
human hunter drawing near to her, spear in hand. But
Artemis calmed her, and Zeuxis was amazed beyond
words to see his daughter put her arm around the wolf,
and the wolf respond by licking her face. A wise man, he
lowered his spear. He knew enough to trust his
daughter. But for an hour he stood at the ready, in case
this strange wolf’s behavior reverted to that with which
he had become accustomed over a lifetime of
competition and conflict with this predator species so
parallel to his own. After a while, with Artemis coaxing
both sides, her father finally moved closer, kneeling, and
the epi wolf bowed her head in submission. Artemis
showed him how to stroke the wolf’s head, something
that felt to Zeuxis like a strange thing to do to a living
wolf. It would take time for wolf and hunter to trust
each other, but each trusted Artemis, and so they would
put their mistrust aside.

As Zeuxis prepared to leave, the epi wolf began to
bark, loudly and repetitively, at something off in the
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distance. “What is she doing?” asked Zeuxis. “Wolves
don’t do that.”

“I know,” said Artemis. “She’s different, I keep
telling you.” Then Artemis looked off into the distance,
far down the valley. “She hears something; or she
smells something.”

Zeuxis looked carefully in the direction that the wolf
was looking as she barked.

“There’s nothing there, child.”
“She’s never wrong,” Artemis replied, muzzling the

epi wolf with her hand as they watched and waited.
Twenty minutes later, one of the young tribesmen

from their clan moved out of the trees, a thousand
meters away, and started up the hillside, every few
meters stopping to look intently at the ground, searching
for signs, and bending to test the soil. He was tracking
Zeuxis.

“It’s Solto,” said Zeuxis, which made Artemis frown.
Solto was Zeuxis’s chief lieutenant, and he had been
actively courting Artemis for months, which she had
even more ardently discouraged. Zeuxis hoped she
would eventually come around, for Solto was a fine
man. But he knew his daughter was headstrong, and
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different, and he would not force her into anything that
she did not choose for herself.

But unlike Artemis, Zeuxis wasn’t frowning. Not at
all. He was realizing just how much warning this
strange wolf had given them at the approach of
someone unknown to her. After a while of staring off
into the distance, deep in thought, he turned, knelt down
upon the soft ground, and petted this strange wolf’s
head.

In my opinion, the legend of Artemis is more than a legend. It
may very well describe the epi human who enabled the
approach of the first epi wolf. And it may not have been a one-
time event. As noted above, the most recent evidence is that the
domestication of the dog happened twice, once in Eastern
Eurasia, and once in Western Eurasia, from distinct wolf
populations in each locale. 49 I would bet a lot that the Artemis
legend repeated itself in both locations, and that both the epi
wolves and the epi humans that were involved in each origin
event similarly resided far to the left of their respective
neurobehavioral means. If this is indeed what happened, then
we owe the evolution of our beloved dogs to the repeatable
science of outliers. But is there any precedent outside of Greek
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mythology to support even a single real-life Artemis, let alone
our repetitive outlier scenario?

A few months after I penned my Artemis hypothesis I was
surprised to hear of a present-day huntress who provides
splendid support for it. In Mongolia there today lives a 13-year-
old girl who has learned to hunt with a Golden Eagle. Golden
eagles are magnificent creatures that can stand over three feet
tall and can have a wingspan of seven and a half feet. In the
barren landscapes of the mountainous regions of Mongolia,
they can be seen soaring high above, searching the tundra
thousands of feet below. When they spot prey, they swoop
down in an astonishing arc that ends with a shocked victim
being impaled by sharp talons, and lifted into the sky by giant,
muscular wings. Fearless hunters, golden eagles have been
known to attack animals as large as full grown deer. A raptor of
this size and ferocity would be difficult for a full-grown man to
tame and handle, but this young girl from Mongolia, whose
name is Aisholpan Nurgaiv, has done just that. Her story is now
the subject of a National Geographic documentary, The Eagle
Huntress . Like Artemis, Aisholpan had a father who supported
her outlier life style. I was also pleasantly surprised to learn that
Aisholpan was not the only eagle huntress in history. In 1932,
National Geographic photographed another such huntress,
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Mongolian Princess Nirgidma, with her hunting eagle. So there
is precedent for the Artemis hypothesis of wolf domestication—
and even for it happening more than once . Even today, in
modern times, outliers rule. And frequently, these extraordinary
beings who push our species forward, are outlier women.

Figure 2.7 Aisholpan Nurgaiv, the Eagle Huntress. National
Geographic
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3

Rex the Wonder Dog

“Unforeseen surprises are the rule in science, not the
exception”

Physicist Leonard Suskind

I received my doctorate in cancer biology at the Fels Cancer
Research Institute in Philadelphia, part of the Temple
University School of Medicine. My thesis research focused on
two different areas, one related to the anti-cancer effect of
dehydroepiandrosterone (DHEA), which I found could inhibit
the growth of colon tumors in mice— not cure, or make
disappear, but simply delay the progression of. This point—
that DHEA never produces complete tumor regression in mice
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— is critical for what will come later in this chapter, so I ask
you to underscore it in your memory. The second half of my
thesis research project involved a new idea that I had been
working on, linking enzymatic methylation of DNA to cancer
— the idea that would subsequently play a major role in the
birth of an entirely new specialty which would come to be
called the epigenetics of cancer. It turned out that the National
Cancer Institute (NCI) found this new idea to be quite
interesting, and they provided me with a grant to continue
researching it, which I did at the Children’s Hospital of Los
Angeles (CHLA, part of the University of Southern California
School of Medicine.) One of my projects at CHLA was to
figure out why about half of the kids receiving a drug called
cytosine arabinoside (araC) for acute lymphocytic leukemia
(ALL) responded and went into remission, while half did not,
rapidly declining, and dying. It was during this project that I
first developed the concept of drug-induced DNA
hypermethylation (DIDH) as a cause of drug resistance,
showing, first in vitro , 50 and then in vivo , 51 in kids with drug-
resistant ALL, that DIDH could account for at least some of the
cases in which children with ALL failed to respond to araC. In
the in vivo work in children with ALL, the protocol blocking
DIDH induced remissions in children who had been very close



87

to death. I still remember how wonderful it felt to see these
children sitting up in their beds, feeling the embrace of their
parents, and the faces of those parents, filled with tears of joy.
This was the first time that I had been able to bring an idea that
I had created in my own brain into existence in the real world,
and it had enabled another human being to stay alive. If I hadn’t
been hooked already on spending my life doing more of this, I
was hooked then. This small clinical trial at Children’s Hospital
was the first ever demonstration that DIDH occurred in actual
patients, as I had proposed it would, and that blocking this
epigenetic phenomenon could have a profound effect on
treatment outcome.

Based upon the fact that this research was likely to receive
further funding from the National Cancer Institute, I was
offered a professorship at the Brody School of Medical
Sciences, part of the University of North Carolina system.

It was on the cross-country drive to this new post, in my
jeep, that I fleshed out drug-induced DNA hypermethylation in
the form of a grant proposal to the NCI. I have to say that the
transition from Los Angeles to the east coast of North Carolina
was an interesting one for me— and probably also for the North
Carolinians who had to integrate this west coast barbarian into
their genteel culture. At the North Carolina border I came upon
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a huge sign which read, “Welcome to North Carolina.
Compliments of the North Carolina Coon Hunters
Association,” with a picture of a racoon on it, apparently
cornered up a tree. I could not resist, and so I untied my
surfboard from the roof of my jeep and posed with it in front of
this sign, scratching my head, with a puzzled look on my face.
My friends back in Southern California got a kick out of the
photograph when I sent it to them.

Once I was unpacked and had gotten situated, a helpful
secretary in my new department, the Department of
Pharmacology, helped me get my grant off to NCI, and I set
about equipping my new laboratory using the start-up money
that the department had provided.

Greenville was a very conservative city, not accustomed to
a new professor arriving with his surfboard strapped to the roof
of his Jeep, refusing to wear socks, let alone a suit and tie. The
culture shock went in both directions. Eastern Carolinians at the
time were not really accustomed to the requirements of a
molecular biologist, as I was one of the very first to take up
residence in this part of the state. Back then, we used a
procedure called “Southern blotting” (named after the inventor,
not the direction) combined with intensely radioactive
nucleotide-substituted DNA probes to determine the
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methylation status of a section of a gene. In this procedure, the
DNA of interest is cut into small fragments with enzymes
called restriction endonucleases, and then separated according
to size using a procedure called polyacrylamide gel
electrophoresis. The single-stranded DNA fragments in the gel
are then transferred to a nylon membrane, and the membrane is
placed in a Tupperware container 52 containing a solution that
has the radioactive probe in it. The idea is that your radioactive
probe, which is a single-stranded DNA corresponding to a
region of your gene of interest, will hybridize to the
complementary DNA fragment on the nylon membrane. The
final step is taking that nylon membrane, which has columns of
DNA fragments on it, one or more of which may have
hybridized to your probe, and putting it in contact, in the dark,
against x-ray film, and placing the nylon membrane and film
inside a light-tight x-ray cassette, similar to the ones physicians
use to x-ray broken bones. The information that we seek— the
DNA sequence, the methylation status of a section of a gene;
whatever— burns an image onto the film, and it is the
developed film that we read this information from. You may
have seen such X-ray films placed on a light box, whereupon
an actor playing a doctor on one of your favorite hospital shows
proceeds to make a diagnosis based upon what he sees on the
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film. This is the same principle. Molecular biologists, at least
back then, went through this tedious procedure to get our end
result— an X-ray film into which bands representing our data
had been etched by radioactivity.

I was ready to perform my first such experiment in my new
lab, but realized that I still did not have the X-ray cassettes that
I needed to develop the film in. I called up the department of
surgery, and asked where they got theirs. I was given the
number of a hospital supply company in the neighboring town
of Farmville. When I dialed the number, the voice of a young
woman with a very heavy southern drawl answered, and I
proceeded to tell her the reason for my call. Before I had even
finished, she began to berate me, and it took a full thirty
seconds before I understood exactly what she was saying in her
beautiful Southern drawl.

“Sir, this is a legitimate hospital supply company. We do
NOT, sir, NOT sell x-rated cassettes. You will have to go
somewhere else for that sort of thing!”

It took another sixty seconds before I could calm her down
and get her to understand what I was saying, in my apparently
impenetrable Yankee-speak. But finally she did, and then she
became apologetic in the extreme way that only well-bred
Southern women can be. Apparently, in her company what I
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was looking for was referred to as a “metal” cassette, not an
“X-ray” cassette, in order to distinguish it from the cardboard
type of cassettes that were also available. When she was finally
through with her explanations and apologies, she got back to
the business at hand and asked me what kind of X-ray cassette I
was looking for, because they had a large selection. By this
time, I just could not resist, and so I said, “Well, do you have
The Devil in Miss Jones ?”

Click. The phone went dead.
True story.
In any case, I eventually got my x-ray cassettes, and was

able to get to work, generating the data that I would need in
order to submit my grant application to the National Cancer
Institute. I received a very good, fundable score on my NCI
grant application , and subsequently published a series of
results in top tier cancer journals, ranging from Cancer
Research to the Proceedings of the National Academy of
Sciences . It was during my work in North Carolina that George
Hitchings took an interest in what I was doing, and became an
additional mentor to me. George was the inventor of
mercaptopurine, an important drug for the treatment of
childhood leukemia, for which he won the Nobel Prize.
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Rex the wonder dog
Grants from the NCI require that you re-apply for renewal after
their initial period is over, showing what you have
accomplished, and how you plan to move the study forward.
When it came time for my renewal application, I had done well,
and so I received a very good score from the study section that
would go on to renew funding for my research program. When
the medical school found out about my renewal, they made a
big deal out of it— Greenville not yet being known as a hotbed
of cancer research. At that time, my wife and I had two young
sons, seven and five years old, and we lived on the third floor
of an elevator-less apartment building just off campus. As we
were walking down the stairs one Sunday morning, my eldest,
Alex, pointed to the newspaper on a neighbor’s stoop, and said,
“Daddy, you’re in the newspaper!” To my surprise, the article
about my cancer research project, and the renewal of my grant,
along with a picture of me in my well-worn lab coat, filled the
front page. The only reason that I mention this now is because
something happened as a result of this article that would
eventually change everything, something that would eventually
lead me to rebel against the paradigm that cancer was the same
disease in all species. A local veterinarian saw the article, and
the following day he gave me a call. One of his long-time
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clients owned a champion Rottweiler, named Rex, and he
wanted to show me an X-ray that he thought I would be
interested in. When he arrived at my office, the X-ray he pulled
out of an over-sized manila envelope astonished me. It showed
the outline of a large dog, his body literally filled with golf-ball
sized masses. I had only seen one other case in my life in which
so much tumor occupied so much internal volume; that was at
an autopsy of a little girl at Children’s Hospital, a little girl with
a gigantic form of Wilms tumor. The poor girl herself weighed
only 60 pounds, and the tumor that bulged from her abdomen
like the monster that it was, when weighed during her autopsy
tipped the scales at 29 pounds. 53

The vet told me that he had biopsied one of the dog’s
masses, and he showed me the pathology report that he had
subsequently gotten back. Soft tissue sarcoma was the
diagnosis, a tumor type with a dismal prognosis. He told me
that the owners of the dog had seen the newspaper article about
my work, and had brought it to him to inquire if there was
anything that I could do for their beloved Rex. The owners had
declined to start the dog on chemotherapy, after being told that
it was unlikely to help and would probably make the animal’s
last days miserable. The vet told me that he had gone online to
the National Library of Medicine (PubMed Medline) and had
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read some of my published papers on DHEA. Since I had
written that DHEA was natural and that it inhibited
tumorigenesis in mice, did I think it might help this dog? I told
him that the tumors in those mice had been induced using
carcinogens, and there was thus no way to know how
spontaneous tumors such as Rex had would respond to
treatment with DHEA. Even more to the point, in mice, yes,
very large doses of DHEA had slowed tumor growth, but it had
not cured any tumors . He said that the owners were willing to
try anything, and since the opportunity to test DHEA in a
spontaneous tumor in a new species appealed to me, I put
together a standard informed consent form, took my plan to the
Animal Care Committee at the University, explained to them
what I wanted to do, and obtained their permission to treat this
one dog with daily subcutaneous doses of DHEA. Once the
owners signed the informed consent form, I homogenized
DHEA in sesame oil, sterilized it, and headed over to the
veterinary clinic where the dog and his owners were waiting.

When I first saw the dog, I came very close to telling the
vet and the owners that he was too far gone to make any
attempt at treatment. The Rottweiler lay on the floor, clearly in
distress, breathing rapidly, and apparently unable or unwilling
to move even when his owners urged him to do so. Although I
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was fairly certain that I was making a mistake, I agreed to
proceed. We injected the DHEA subcutaneously, creating a
depot from which DHEA would dissipate into the dog’s system
over the next 24 hours. At the end of that period of time, the vet
would make another, identical injection, but at a different site in
the dog’s body. I left enough sterile DHEA mixture for the vet
to make daily subcutaneous injections for an entire month. I
told the vet that if the dog lasted for a month, I would like an
X-ray taken to see if the treatment had done anything. Fearing
the worst— that the dog might not last the day, let alone the
month— I headed back to campus. I was in the teaching
rotation that semester, and I had to prepare my lecture for the
next morning’s class of physicians-to-be. I quickly fell back
into my routine, lecturing to medical students in the early
morning, directing my lab’s research all day, and then racing
home at seven or so to have dinner with my family and wrestle
on the floor with my kids.

A couple of days later one of the departmental secretaries
stopped me after class to tell me that she had received an
excited message from a veterinarian who said that I was
helping him with a case. He wanted her to let me know that the
dog was up and running around, acting like it was a puppy
again. The family was very happy, the vet had said. Ecstatic, in
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fact. I didn’t have a chance to call back, and I did not believe
that the dog’s recovery would be long-lived, so maybe there
was no reason to call back. I had no idea then that this would
turn out to be a general feature of DHEA in dogs— unlike any
other animal, dogs respond to DHEA as if it literally turns back
the clock on their age. Even old dogs like this cancer-ridden
Rottweiler will frequently turn into veritable puppies again, as
if they had been reborn. It is a truly amazing thing to see. (I will
explain why they do this later.)

Exactly three weeks and one day after treatment had been
initiated, I received an even more excited call from the vet. The
Rottweiler had been feeling so well that the family had him
perform another X-ray, and there was no sign of any of the
tumors! He wanted me to come to his office immediately to see
the film, and the dog. At first I thought someone was having
some fun with me. I had a hard time believing that all of the
tumors could be gone, because we had never seen anything
remotely like that in any of the thousands of mice with tumors
that we had treated. But when he handed me the before and
after films, and I held them up to the light box for a better view,
all I could say was, “are you sure these are from the same
dog?”



97

One result does not a medical breakthrough make, but I
should have pounced on this discovery, for it was big.
Unfortunately, I did not. In fact, probably because I was not
paying careful enough attention, the vet made a fateful mistake
that I might have been able to prevent. DHEA was half of my
thesis research, so I knew very well that it was an inhibitor of
an enzyme called glucose-6-phosphate dehydrogenase ( G6PD.)
G6PD deficiency is the most common inborn error of
metabolism in humans, with some 400 million or so people
around the world carriers for some level of deficiency. The
mutations conferring G6PD deficiency became fixed in the
human population because such deficiency confers protection
against the malarial parasite, Plasmodium . G6PD deficiency is
extremely rare in dogs.

Special precautions have to be taken in people with severe
G6PD deficiency, because they are exceptionally sensitive to
certain drugs that can act as oxidants. The general anesthetic
isoflurane is one such oxidizing drug that can produce fatal
results if used in G6PD-deficient patients. 54 During my thesis
research I had learned that mice and rats that had been given
high doses of DHEA were extraordinarily sensitive to the
effects of certain anesthetics. Accordingly, I had explained the
G6PD mechanism of action to the vet, and had indicated to him
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that Rex should not be anesthetized while he was being treated
with DHEA. For whatever reason, however— perhaps the fact
that G6PD deficiency is not generally considered to be a
relevant issue in veterinary medicine, or that Rex was
beginning to get annoyed with the subcutaneous injections —
the vet anesthetized Rex prior to his next treatment, and this
valiant dog that had survived a deadly cancer, promptly
expired.

I am not certain if it was my frustration at this treatment
blunder, or the fact that another project took off at this very
moment, but I put the DHEA project on a back burner. What I
should have done was to find ten more dogs with this kind of
tumor, treat them in an identical manner, and see if I could
produce the same result in them. If I did reproduce the result,
then I should have found a hundred dogs with different kinds of
tumors, and see if I could extend the list of responsive tumors
beyond soft tissue sarcoma.

But I did none of these things, because shortly after Rex’s
death, I had a paper accepted to Nature, the most respected
scientific journal in the world. The manuscript that I had
submitted to Nature described a new class of respiratory drugs
— Respirable Antisense Oligonucleotides (RASONs)— that I
had invented. In collaboration with another lab at the medical
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center, we had just shown remarkable efficacy of my lead
RASON in that lab’s animal model of asthma. A paper
published in Nature means worldwide exposure, and I was
immediately inundated with requests for interviews about this
discovery. On the day the paper was published, our
departmental secretary interrupted a seminar I was attending in
another department to tell me that Dan Rather’s office from
CBS was on the phone and wanted to speak to me, and they
were sending a camera truck and reporter from Raleigh—
pretty heady stuff for a young associate professor. As luck
would have it, however, about thirty minutes later came the
news that the Premier of China, Deng Xiaoping, had just died,
and the CBS van had been turned around as this breaking story
was going to dominate that evening’s, if not that week’s news.
But scores of interviews did take place. National Public Radio,
for example, did an extensive interview with me that was
broadcast around the world, in 70 different languages. Also,
more than a dozen pharmaceutical companies called, from
around the world— it was time to get my passport renewed.

Again, heady, distracting stuff for a young professor.
This was the first drug that I had invented that I would

submit to FDA and take into clinical trials. Others would
follow. But this was the first. It is difficult for me to explain
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how I felt, mere months later, standing in a large, open hospital
ward with about fifty beds in it, watching the first fifty patients
about to be treated with my drug— a drug that I had conceived
of and designed in my head, and then had made with my own
hands. 55 I will tell you this. It was— unfortunately— enough to
distract me from Rex’s disappearing tumors.

Even the NIH (parent organization of the NCI) helped me
push this new drug forward, as did the state of New Jersey,
where I was now based, near Princeton. This was a potentially
breakthrough new drug, and the reviews we received from NIH,
and the New Jersey Commission on Science & Technology,
were encouraging:

“The product has tremendous commercial and medical
potential, the investigative team is very strong…and the
preliminary studies are exceptionally well-carried out…”

“This is important work, and has the potential to push
antisense oligo therapy to a new level. Obviously, there is great
commercial application…”

— Technical due diligence reviewers, NIH, on S.B.I.R.
RASON technology grant award 2R44HL057716
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“This is a first-rate project… exceptionally well planned…
excellent scientific basis…”

“The science performed to this point is first class… Unique,
excellent scientific basis. Unique mode of action and
delivery…”

— Technical due diligence reviewers, NJ Commission on
Science & Technology, RASON technology grant award to
Principal Investigator JN

With the preclinical work that I was able to do with this early
funding from NIH and New Jersey, I was subsequently able to
do two major deals with pharmaceutical companies. The first
was a small, $17 million deal with Chiesi Farmaceutici , based
in Milan; the second was larger, a $110 million deal with the
Japanese company Taisho , based in Tokyo. After we received
our first exciting data in FDA-monitored clinical trials in
people with asthma, I even negotiated to the point of a signed
term sheet with another pharmaceutical company— then the
largest pharmaceutical company in the world— for a deal worth
an estimated $800 million. That would have been the largest
biotech deal ever at that point in time, and, of course, I was
really excited about this success. On cloud nine, as the saying
goes.
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And then the world fell apart
In September of 2001, our country suffered the 9-11 attacks,
when almost 3,000 innocent people were slaughtered in the
World Trade Center Towers by terrorists. I had been in
meetings in 1 World Trade Center just two weeks before. Most
of the people that I had met with died in these attacks. On the
day of the attack, I was having a business discussion with
representatives from Meiji Seika, another Japanese
pharmaceutical company, at my lab and offices in Princeton. I
remember realizing immediately that Osama Bin Laden must
have been involved. When I told the Meiji Seika people what
had happened, and that their afternoon flight to Seattle had been
cancelled (along with every other commercial flight in the
United States) I remember how disappointed they were that
they were not going to see their hero, Ichiro Suzuki, play
outfield for the Mariners that evening. I remember dismissing
all the people working for me so that they could go home and
be with their families, and, not being able to get in touch with
my wife, racing to my boys’ school at Bear Tavern, and then on
to my daughter’s school, so that I could gather them up and
make sure that they were safe. 56

Not many people are aware that those attacks decimated the
pharmaceutical industry, erasing about one-third of the value of
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major companies involved in this sector— including the one
with whom I had a signed term sheet. As part of that deal, I had
invested almost all of our remaining cash in a new research
building, to the specifications required to fulfill the terms of the
agreement. When this company pulled the term sheet after 9-
11, I was left with a building that I could no longer afford.
Backed into a corner, I fell prey to a voracious group of venture
capitalists who decided to see if they could make a quick killing
by ignoring the science I had created.

The antisense drug that I had invented was specific for a
major— but not exclusive — cause of asthma; the upregulation
of the adenosine A1 receptor. I had determined that about 20%
of asthma patients responded strongly to my drug, and that I
could identify such “responders” by a simple test which I called
“ABC Rainbow.” It was named this way because it involved
Adenosine Bronchial Challenge, and the test kit used seven
doses of inhaled adenosine, each color coded to one of the
primary colors— the rainbow. With this kit, I could identify
those patients who would respond really well to my treatment,
and limit treatment to them. The new investors scrapped that
whole idea, deciding to gamble on the possibility that, if they
treated all asthma patients, even those who I could accurately
predict would not respond, the statistics for the responders
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would be so good that they would carry the non-responders;
i.e., the statistics of the whole group— responders and non-
responders alike— would be masked by the high degree of
efficacy shown in the responders. When I refused to go along
with this, I was promptly fired. To make a long, horrific story
short, the vc’s gamble didn’t work, they shrugged, and moved
on to look for their next prey, and they shut down a drug that
could have been great for a significant fraction of asthma
patients. When I later asked for all the data to be returned to
me, so that I could follow my original plan, they refused. They
would rather kill the project than risk me succeeding where
they had failed.

I decided never to put myself and my inventions into such
hands again.

Fast forward 13 years
Over the years, I constantly found myself thinking back to Rex,
and the remarkable tumor regression that we saw in him after
exposure to DHEA. By 2011 I was beginning to formulate the
hypothesis that dogs had evolved a rudimentary form of an
otherwise primate-specific mechanism of tumor suppression
based on DHEA, and its potentially irreversible uncompetitive
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inhibition of G6PD, as discussed in the previous chapter. This
would explain the results we saw with Rex, if we were
triggering such a “kill switch” tumor suppression system by
administering high dose DHEA. Thus, DHEA was acting as a
“back-up” to p53— if p53 was inactivated, DHEA became
activated. In 2012 I established an independent laboratory to
investigate this hypothesis.

Cancer cells produce a lot more ROS than normal cells do,
and consequently, G6PD levels are dramatically increased in
such cells. I reasoned that if my hypothesis was correct, that
DHEA was backing up p53, then p53 should be an inhibitor of
G6PD, too. I began to gear up to test to see if this was true, but,
nearing retirement age, knew I could never get funding from
the traditional sources that I had been successful with earlier in
my career. So I began funding these experiments myself, from
my retirement fund from my University days; but these limited
funds made my progress too tentative. Before I could obtain the
necessary equipment, a lab down the road, at the University of
Pennsylvania, beat me to the punch. They showed that, indeed,
the p53 tumor suppressor protein was a natural inhibitor of
G6PD. I was very disappointed at having been “scooped” by
the lab at Penn, but excited that my “back-up” hypothesis was
correct! And the Penn lab was unaware of my focus involving
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DHEA, and they certainly knew nothing about Rex. I decided
to press ahead and do the research that I should have done 13
years before, when Rex’s tumors mysteriously disappeared.

Could Rex’s results be reproduced in other dogs with soft
tissue sarcomas? And if they could, what other canine tumors
would respond to re-activation of the kill switch tumor
suppression mechanism by high dose treatment with DHEA?
Perhaps I would find that Rex had been a fluke that I could not
reproduce— after all, I had never observed such results in
thousands of DHEA-treated mice with tumors. But the
possibility that dogs, and their tumors, were different— much
more like we humans, and our tumors— was intriguing. The
question now was, how would I pay for this research?

I have been successful getting grants in my career, mostly
from the National Cancer Institute, and other divisions of the
NIH, but from other sources, too, including pharmaceutical
companies, and foundations, even private investors. I have even
sat on study sections reviewing the grant applications of other
scientists, so I know that game fairly well. As most successful
scientists will tell you, when you apply for a new grant, you
have to have most of the work already done; then ask for
funding to take the research the next small step further. Well, at
this point, I had only one dog, Rex, and confirmation from the
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Penn lab that my germinal idea that DHEA and p53 shared the
ability to inhibit G6PD, and were therefore linked in a deep
way. This would not be enough for any traditional source of
funding. There was the further problem of where to get a
sizeable number of dogs with spontaneous tumors to study. And
finally, I was beginning to see a connection between dogs and
humans with respect to p53 and DHEA. Thus, one thing that
distinguishes primates from all other lineages of animals is that
they have extraordinarily high levels of circulating DHEAS, the
circulating form of DHEA. Mice and rats, the species that I had
studied in my laboratory for so many years, had no circulating
DHEAS— at least no detectable levels. But dogs did, and this
is quite unique in the animal Kingdom. I couldn’t quite put it all
together, yet, but I could see that there was a connection
between dogs and humans and the way they interacted with
p53, DHEA, and G6PD— a connection that did not exist in
mice and rats. Although Rex constituted an N of just 1, and
could therefore be a fluke, the result that I had seen in him was
stunning. If I could figure out the connection between dogs and
humans and p53, DHEA, and G6PD, would it lead me to the
possibility of inducing the disappearance of tumors in humans,
too? I had never seen a single tumor disappear in a mouse
treated with DHEA. Was Rex a beacon, alerting me that dogs
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responded to DHEA treatment because they had a system that
naturally used DHEA, whereas mice did not respond because
they lacked such a DHEA-mediated system? It was all still
quite nebulous, but I had a very strong feeling that the jumbled
pieces would eventually all fit together, and the puzzle would
be solved.

I eventually settled on what I call the participant investor
model for raising the money needed to do this research. In this
model, people whose dogs had been diagnosed with cancer
could choose, if they wished, to pay for the costs associated
with entering their dog in my research program. In return, they
would receive stock in my company. This would give me
access to the dogs I needed.

I could not have imagined just how important the results I
was about to obtain in dogs would be, both for dogs and for
humans. Rex was no fluke. He was a beacon, signaling an
entirely new approach to cancer treatment, and cancer
prevention, in both dog and man.

Let me show you some of the most exciting results of my
study, obtained in a soft tissue sarcoma called canine cardiac
hemangiosarcoma (CCH). CCH is a deadly tumor in dogs, with
an equally deadly counterpart in humans. It usually occurs in
the right atrium of the heart, and if left untreated, dogs affected
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with this cancer die in a matter of days or weeks. Even with
treatment, lifespan is only minimally extended. It is a rare
tumor in both dogs and humans, and perhaps the most rapidly
fatal in either species.

Four dogs with CCH were entered into our study, each
diagnosis made by a skilled veterinarian and/or cardiac
specialist. Each dog presented with the classical symptoms and
signs of CCH— extreme lethargy, shortness of breath, right
atrial masses on echocardiography or x-ray, and pleural
effusion (blood in the pleural cavity.) We treated each dog with
daily high-dose DHEA. In two cases—those in which we were
able to begin treatment within a few days of diagnosis—
eureka! Unbelievable! We saw complete resolution of the tumor
mass . Both of these dogs went on to live long, normal lives,
each surviving several years after their original diagnosis, and
dying of other causes five years after diagnosis! (Figure 3.1.) In
the two dogs in which treatment was delayed for a few weeks
following diagnosis, tumor resolution may not have been
complete (including metastatic disease), but even these dogs far
outlived the best results in CCH reported in the literature. 57 In
this literature report, untreated dogs with a diagnosis of CCH
were shown to have an expected longevity of just 7 days. In
dogs with CCH treated only medically (digitalis,
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glucocorticoids, antibiotics, removal of fluid from the pleural
cavity), longevity averaged 27 days. Dogs in the study treated
surgically survived for an average of 86 days. Finally, dogs
treated surgically, followed by high dose chemotherapy
(doxorubicin, cyclophosphamide, and vincristine) lived an
average of 189 days. As you can see from the figure below, all
dogs with CCH treated with DHEA to trigger kill switch
activation in their tumor dramatically outlived even the longest-
lived animals in the published study. We published our data in
Translational Medicine Reports while two of our dogs were still
doing well. As of this writing, the dogs have now died, but of
old age, tumor free.

Figure 3.1 Kaplan-Meier survival curves for dogs with CCH,
comparing kill switch re-activation to the best results reported
in the literature, those of Yamamoto et al. Each downward tic in
each timeline marks the death of a dog in the respective
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treatment regimens. The first four regimens are from
Yamamoto et al. 58 The final treatment regimen, kill switch re-
activation, is based upon the author’s discovery that dogs have
evolved a rudimentary form of an otherwise primate-specific
tumor suppression mechanism based on the de-sulfation of
DHEAS to DHEA in cells experiencing p53 tumor suppressor
inactivation. Where there is a tic without the curve moving
downward, this represents a s0-called “censured” data point;
i.e., the dog did not die of its cancer. In this case, the only
censured data points occurred with the Kill Switch re-activation
regimen, representing two dogs in whom tumor disappeared
completely, which dogs went on to live full lifespans,
eventually dying of old age.

Man’s best friend to the rescue again
I noted above that humans have exactly the same disease,
which is referred to as Cardiac Angiosarcoma (CAS). This
presents the really exciting possibility that CAS in humans will
respond to triggering of the kill switch in the same manner as
CCH did in dogs. The numbers of people with CAS is not large
— there are just a few hundred CAS patients in the US each
year (a few thousand worldwide), a number far too small to



112

attract Big Pharma and the business of cancer. But for a small
company like ACGT, the discovery company I now run, that is
in it for the science, and the benefit to patients (human and
animal), rather than simply for profit, this is an amazing
opportunity to demonstrate that the kill switch can be re-
activated in human tumors, just as we have demonstrated in
dogs.

Figure 3.2 Kaplan-Meier Survival Curves, as above, but now
showing overall survival in the same tumor occurring in
humans, called cardiac angiosarcoma. Data from Siontis et al .,
2019, 59 in which overall survival for their cohort of 14 patients
with cardiac angiosarcoma, following surgery and
chemotherapy, was 12.1 months. See also Hong et al ., 2019,
Figure 2C. 60

These data present the exciting possibility that our research
in canine cancer may have immediate application in this very
needy group of humans with cardiac angiosarcoma— patients
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who currently can expect no more than a year of life after
diagnosis; typically much less. If the tumors in these patients
respond to kill switch activation the same way that the canine
tumors did— and there is every reason to expect that they will
— then this deadly disease may be transformed into a
completely curable form of cancer. I have already proposed a
clinical trial in such patients to the National Cancer Institute,
and am waiting to hear back. One objection that they may have
is that I am proposing a clinical trial in humans based upon a
research result obtained in just four dogs. I would argue that,
even with just four dogs, the result of kill switch activation was
so overwhelmingly that it is statistically significant from
Yamamoto et al.’s best treatment group not by FDA’s standard
0.05 p value, but by an astonishing 0.0005. Furthermore, there
is no treatment for patients with CAS that enables survival
longer than 12 months. To the extent that CAS is equivalent to
CHS, and there is every reason to believe that they are
identical, kill switch re-activation may be as life-saving in the
human disease as it is in the canine. We will have to do the
clinical trial in patients with CAS to know for sure. But if we
can trigger dissolution of these deadly cardiac tumors in
humans, we can then go down the list of additional human
tumors that have usurped components of the kill switch for
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their own use— sensitizing them to kill switch re-activation.
We believe that many human tumors will respond to such kill
switch triggering, just as many canine tumors do.

Pure Karma
So, what is the evidence that other canine tumors can be
effectively treated by activating the kill switch? To answer this
question, consider the case of Karma, a Doberman diagnosed
with soft tissue sarcoma by an expert team at the Lois Bates
Acheson Veterinary Teaching Hospital of the Oregon State
University College of Veterinary Medicine in Corvalis. At just
three years of age, Karma had gone lame in her right leg, and x-
rays showed a mass growing in the area of her ishium. A biopsy
was taken, and histopathologic analysis revealed that the mass
was a soft tissue sarcoma. As these can be quite deadly tumors,
it was recommended to Karma’s owners that she undergo hemi-
pelvectomy, a surgical procedure in which the affected leg and
most of the affected hip would be amputated. Even with such a
drastic surgery, the vets handling Karma’s case said that her
long term prognosis was not good; she would probably die of
metastatic disease within six months. There was even the
question of whether Karma was a candidate for the surgery, or
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whether she was already too sick. She would have to be
evaluated further by the hospital’s soft tissue service, Karma’s
owners were told.

Faced with this dismal prognosis, Karma’s owners entered
her into a research protocol that we had going at the time,
attempting to trigger the kill switch in canine tumors using high
dose DHEA. I will discuss the specifics of the protocol that we
used with Karma later in this book.

Over the course of the next few months, Karma’s tumor
literally melted before our eyes as we triggered the kill switch
in its cells. Below are before and after x-rays, showing
complete dissolution of the soft tissue sarcoma. Another
element of Karma’s response to high dose DHEA was the
exceptional change in her temperament. She went from being a
hobbled, sad dog to one absolutely filled with joy, as you can
see for yourself in a video produced by her owners. She even
became pregnant during her treatment protocol, and gave birth
to five healthy puppies . That is unlikely to have happened if
she had been treated with standard cytotoxic chemotherapy.
(Videos are available at www.ACGT.us)
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Figure 3.3 X-ray evidence that kill switch activation induced
complete dissolution of a histologically confirmed soft tissue
sarcoma in Karma, a three-year-old Rottweiler. Left, before

treatment. Right, complete tumor resolution after triggering the
kill switch in this tumor using high dose DHEA. Please also
note the increased muscle mass after treatment, compared to

pre-treatment muscle mass. Disuse of the leg prior to treatment
led to such a decrease in muscle mass. As you can see from

video available on our website, Karma regained full use of her
leg after the tumor resolved. She remains alive and well five

years after her original diagnosis.
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We published our data on Karma in Translational Medicine
Reports. 61 She remains alive and well more than five years
after her original diagnosis, living life to the fullest—
something that would definitely not have occurred had her
owners opted for amputation and hemipelvectomy, followed by
high dose chemotherapy. 62

p53 redux
With these data in hand, I was now firmly convinced that there
were species-specific differences in response to DHEA. Slowly,
I started to put the pieces of this puzzle together. I was seeing
tumors disappear in dogs after treatment with DHEA, while in
mice they never did. Dogs, like primates, have circulating
DHEAS; mice and rats do not. DHEA is an inhibitor of G6PD,
and so is p53. p53 is the core of the vertebrate tumor
suppression system. Was DHEA also part of that core? But
circulating DHEAS is limited to primates, and dogs, and very
few other species; so DHEA could not be involved as a general
mechanism of tumor suppression in all species. What did that
mean? Was DHEA part of a tumor suppression mechanism in
dogs? A mechanism specific to dogs? Were tumors in dogs the
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result of a failure of that tumor suppression mechanism? A
failure that I was correcting when I treated them with DHEA?
If DHEA was part of a tumor suppression system in dogs, it
must be much more so in primates, particularly humans, who
had by far the highest circulating levels of DHEAS. Had I
uncovered what was really a primate -specific tumor
suppression mechanism centered on DHEA, and, one would
presume, p53, working in tandem? Was what I was observing in
dogs a rudimentary form of an otherwise primate-specific
mechanism of tumor suppression? A flood of ideas filled my
brain. Why would dogs and primates have similar systems? Of
course! Dogs had to have a similar system to enter into their
collaboration with us! From that point forward, they would be
exposed to all of the same carcinogens— most especially PAH
— that we were. Of course they would have to adapt toward
that new exposure! Or maybe they could adapt to that exposure
because they already had this rudimentary DHEAS-mediated
tumor suppression mechanism on board! I began to see the
more general ramifications of these ideas. If dogs and primates
had lineage-specific mechanisms of tumor suppression, was
this a general feature of all animals? What would that say about
our “war on cancer?” If species-specific mechanisms of tumor
suppression existed, which is what my research was suggesting,
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then this would mean that the p53 paradigm— that cancer was
the same disease from one animal to the next, enabling the use
of animal models to study cancer in humans— the paradigm
that had dominated and led cancer research for three decades
and more, was completely false . If all species had species-
specific mechanisms of tumor suppression, then cancer was not
the same disease from one animal to the next; it was a different
disease in every species because it was countered in different
ways by every species! If this were true, then one vertebrate
species could not be used to construct a valid model system to
study cancer in another vertebrate species . What this said
about the last fifty years of cancer research— almost all of
which had been performed in mice and rats— made me feel
nauseous at first. If these conclusions that I was drawing were
true, we had been studying how to cure cancer in mice, not
humans for all those decades . We had not been studying how
to cure human cancer at all.

With excitement, apprehension, dread, I realized that I was
at the beginning of seeing a completely new path forward. It
was at this moment that the concept of species-specific
mechanisms of tumor suppression was born.
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4

The lex naturalis

“You can’t even begin to understand biology, you can’t
understand life, unless you understand what it’s all there
for, how it arose - and that means evolution.”

Richard Dawkins

During the industrialization of the dog, when it spread across
Eurasia, and then throughout the world, all dogs probably
looked pretty much the same, resembling a smallish wolf,
though probably generally lighter in coat color . The idea of
breeding dogs for a specific purpose, changing such attributes
as size, temperament, and skill at a particular behavior useful to
humans, came much later. Until recently, it had been thought
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that the first attempts at such canine breeding, designed to
create dogs especially good at herding, did not occur until about
7,000 years ago. However, a recent study showed that about
9,000 years ago, in Siberia, dogs were specifically bred for
pulling sleds, with a body size optimized for heat dissipation,
and musculature appropriate for arduous pulling. Other dogs
were bred for different characteristics useful in tracking and
engaging large prey. 63 The hunters who bred these dogs of
differing body types were hunters of reindeer, and even polar
bears, and only with such specialized canine assistance were
they able to hunt successfully and thereby survive in the harsh,
dangerous Siberian landscape. Dogs had begun to be thought of
as like a Swiss Army knife for humans, a Swiss Army knife
that could be opened to expose any number of tools, depending
upon the task at hand.

There are additional examples, a little more recent but not
yet of the modern age, of apparent breeding to achieve a
preferred body size and/or temperament. For example, DNA
was recently isolated from the skeletal remains of a dog found
on board the wreck of the Mary Rose , a Tudor warship that
was sunk by a French invasion fleet in the Solent channel
between Portsmouth and the Isle of Wight on the 19th of July,
1545. Analysis of this dog’s DNA showed it to be a young male
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terrier of the Jack Russell -type, with brown coloration in its
coat. Interestingly, this dog was found to be heterozygotic for
the gene that causes hyperuricosuria (excessive uric acid in the
urine), which causes kidney stones when homozygous in
modern members of this breed. 64 Unfortunately, it is a common
theme in canine breeding that selection for specific traits that
humans find appealing results in dogs in which genes in a
configuration causing health issues are carried along with the
genes that confer the desired characteristic. The maintenance of
a relatively closed gene pool in each dog breed— enforced by
the adoption of the breed barrier rule which holds that no dog
may become a registered member of a breed unless both its sire
and its dam are registered members— underlies and maintains
breed-associated genetic disease.

Sometimes the random occurrence of a rare germline
mutation makes a dog attractive to humans because it is an
oddity— a mutation that without subsequent human
intervention would almost certainly have prevented the animal
from passing on its altered genotype to successive generations.
This is what happened with the strange looking, loose-skinned
Shar Pei , pictured in Chinese scrolls from as long ago as 200
BCE. The thickened skin and loose folds of skin in this breed
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are caused by excessive synthesis and accumulation of
hyaluronic acid (HA) in the skin.

Figure 4.1 A mutation causing the thickened skin and wrinkles
of Shar-Pei dogs also causes periodic fever disorder and

chronic inflammation.

A similar malady occurs in humans, albeit very rarely. Because
this condition in humans is associated with a similar degree of
skin folding, and is characterized by high levels of HA in both
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serum and skin biopsies, it has been referred to as Shar Pei
Syndrome of Humans . 65

Figure 4.2 Shar Pei syndrome in a baby. From Ramsden et al.
2000 66

My point in presenting these data is to show that some traits
that we find unacceptable, and in fact horrific for our own
species, we adopt as not only acceptable, but prized for their
uniqueness in our dogs. Examine how you felt when you saw
the picture of the Shar Pei, and then compare that to how you
felt when you saw the picture of the baby with Shar Pei
Syndrome. Don’t feel guilty; we all have these completely
different responses looking at the one compared to the other.
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We are naturally more empathic toward the baby, because we
can more closely relate to his discomfort. My point is that we
would never intentionally select for this condition in our own
species.

Shar Pei dogs are subject to a debilitating, breed-specific
autoinflammatory disease (SPAID) that includes a systemic
autoinflammatory reaction, skin eruptions, and episodic high-
grade fevers. The SPAID which afflicts this breed can
sometimes be so debilitating that euthanasia is required. Many
other breeds are also associated with “defects” that were carried
along when humans selected for various traits in dogs.
Examples include uric acid bladder stones in Dalmatians;
brachycephalic syndrome (exaggerated breathing sounds,
snoring) in short-faced dogs such as pugs and pekingese;
histiocytic sarcoma in Bernese Mountain dogs, etc. The point is
that, when humans selected for specific traits in dogs, in almost
every case, we simultaneously selected for hidden traits that
were detrimental to the resulting breed’s health.

The creation of the modern breeds of dogs
So, long before the discovery of DNA and the invention of
genetic engineering, humans learned that they could manipulate
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dogs, almost as if they were clay, simply by selecting for
certain desirable traits over and over again, until the trait was
magnified to the satisfaction of the human that was engineering
the transformation. In chapter two we talked about the bell-
shaped curve, and how traits several standard deviations from
the mean occurred at every possible level— anatomical
(smaller dogs at one end of the curve, giant dogs on the other),
biochemical (high levels of circulating DHEAS at one end of
the bell-shaped curve, low levels of DHEAS at the other),
behavioral (barking dogs at one end of the bell-shaped curve,
dogs that rarely barked at the other)— every aspect of canines
that a human found appealing could be selected for just by
controlling which dogs bred with which other dogs. Tiny dogs
that made great, affectionate companions were created, as were
giant dogs capable of defeating wild wolves and hunting
megafauna. Dogs with exceptional senses were bred with
barking dogs to create watch dogs, or dogs that helped with
hunting.

The Fédération Cynologique Internationale, the largest
kennel club in the world, currently recognizes 344 separate
breeds, ranging in size from the 2 kg (4 pound) Chihuahua to
the 90 kg (200 pound) Great Dane and Irish Wolfhound. Yet, all
of these breeds represent a single species, and it is clear from



127

their interaction with each other that the Chihuahua and the
Great Dane know this— and that they also share a common
animus with the cat (unless directed to feel otherwise by their
human.) Almost all of these breeds came into existence within
the past 300 years, as humans selectively bred their dogs to
emphasize particular traits.

If the various breeds of dogs had evolved naturally, rather
than by the hand of humans, it would have taken millions and
millions of years, and they would have separated into separate
species, each with its own species-specific mechanism of tumor
suppression. (Or they would have evaporated into the
“mistake” pile of natural selection, which is what would have
happened to most, perhaps all, of these different breeds. It is
hard, after all, to compete with the grey wolf, one of Nature’s
masterpieces. Only by their association with humans have our
various dog breeds been able to survive. In the wild, predation
would have limited the evolution of small dogs like the
Chihuahua. They exist only because humans protect them,
eliminating the selection pressure of a natural environment,
thereby allowing them to survive despite their small,
indefensible size .) If our various dog breeds would have
evolved naturally, in the wild, lifespan, body size, and species-
specific mechanism of tumor suppression 67 would all have
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been taken into account in order to optimize resource
assimilation into DNA, while automatically maintaining
lifetime cancer risk for each new canine species at the required
4% ceiling, a number derived from extant species. 68 Under
natural selection, it is doubtful that any of these variations
would have been able to successfully compete with the
ubiquitous grey wolf. Without human protection, virtually all
would have become a grey wolf’s meal.

The range of canine lifespans
Every species has a specific lifespan associated with it. Some
members of the species will not make it to that lifespan, and a
very few may slightly exceed it, but by and large, lifespan is
fixed for every species. We can learn from whales that lifespan
is associated with body size, because the largest whales have
some of the longest lifespans of all mammals (the bowhead
whale, Balaena mysticetus, is known to have a lifespan longer
than 200 years). This is because nature is efficient and would
not expend the resources necessary to sustain a short-lived
Goliath. But the various species of whale evolved in the wild,
under natural selection. We see something very different in the
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various breeds of Canis lupus familiaris , which were created
by human selection.

Our manipulation of canine body size away from that which
evolved naturally over millions of years in the grey wolf, has
dramatically altered the range of lifespans in the dog, and the
association of body size with lifespan in the dog is crystal clear
— and opposite to what we see in cetaceans— this, again,
because Canis lupus familiaris is a man-made invention. In the
wild, a grey wolf will live 10-13 years, and weigh about 100
pounds. But intensive selective breeding in dogs has created
breeds that are much smaller than their ancestral grey wolf, and
others that have much larger body size than the grey wolf. An
interesting dimension of these human-engineered changes in
body size is that, on average, the smallest breeds of dogs have
dramatically longer lifespans compared to the largest breeds of
dogs. Thus, Chihuahuas and Yorkshire terriers can live as long
as 20 years, while a Dogue de Bordeaux has a published
average lifespan of about 6 years (see Figure below.)
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Figure 4.3 The various breeds of dogs are all a single, man-
made species with a 50-fold range of body size from the

smallest to the largest. This does not happen in nature. For
example, there is less than a two-fold difference between the
shortest members of our species, as adults, and the tallest. Y

axis, age in years. From Jones et al. 2008, Figure 4 69

The tall and the short of it
Another point of interest is that it may not be body weight per
se that drives cancer risk, but rather body height — linear bone
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growth—both in our dogs, and in us . This idea feels counter-
intuitive because we have had it drilled into us that it is our
excess body fat that is unhealthy, and tallness in our species has
generally been thought to be a good thing; a sought-after thing.
But as we noted in chapter 6, it has been definitively shown that
increased height above average increases cancer risk in humans
— the “million women study,” which followed 1,297,124
women for a median time of 9.4 years each, reported an overall
16% increase in cancer risk for every 10 cm (4 inches) in height
above average, 70 confirmed by additional studies performed in
144,701 women [median follow up, 12 years], 71 and in 310,000
male and female UK Biobank participants. 72 At the opposite
end of the spectrum, studies of dwarf humans with Laron
Syndrome— one of which studies lasted 57 years—
demonstrated a near total absence of cancer in these long-lived,
small bodied humans. 73 , 74 It is thus clear that in both our
species, and in our dogs, increasing height is associated with
increasing cancer risk. Our large breeds of dogs truly have a
“Sword of Damocles” hanging over their head. As shown in the
figure above, lifespan decreases the larger a dog breed is at its
adult size. But as shown below, lifetime cancer risk goes in the
opposite direction, increasing the larger a dog breed is at its
adult size.
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Figure 4.4 Relationship between canine height and cancer risk
in dogs. Data plotted from Dobson, 2013 75 by Carol Beuchat,

PhD, of the Institute of Canine Biology 76

If we consider that dogs would be separate species if they had
evolved in the wild, then there is something very important in
this linear increase in lifetime cancer risk with increasing size,
and this is it: Peto’s Paradox does not apply to dogs! There is
no paradox in dogs! The tumor risk in dogs is exactly what you
would expect if, the greater the number of cells at risk for
neoplastic transformation, the greater the lifetime risk of
cancer! This is a remarkable exception. Peto’s Paradox applies
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to whales and elephants, whale sharks, cassowaries and
ostriches, but not to dogs . Why does Peto’s Paradox apply to
these other species? Because in those species, there is no
increase in cancer risk with increasing size— because species-
specific mechanisms of tumor suppression evolved as a
necessary prerequisite to enable their increased size. Peto’s
Paradox does not apply to large dogs because they came into
existence as a result of human selection, not natural selection,
and we did not provide them with the improvement to their
tumor suppression mechanism that Nature would have done to
permit their larger size! We created our modern dog breeds in
complete ignorance of this requirement!

The lex naturalis equation
Suddenly, the pieces of the entire cancer puzzle all began to fall
into place for me. I suddenly had a perspective that no other
human has ever had before. Peto’s Paradox vanished for me, as
the elements of a natural law of speciation— a lex naturalis —
materialized in my mind in the form of an equation. An
equation that explained the aberrant, extraordinarily high
lifetime cancer risk of our dogs; we had simply failed to
provide the improvements in tumor suppression to our dogs that
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Nature would have done before permitting any increase in their
body size. And as a natural law, this explained not only the
excessive cancer risk in dogs, it also explained the excessive
cancer risk of our own species. As amply demonstrated in the
literature, the body size of modern humans was more than twice
what it was in pre-modern humans; and our life spans were now
more than three times longer. We had violated the lex naturalis
when we created our dogs, and again when we created the
conditions for doubling our body size and more than tripling
our lifespan.

If it was a natural law in vertebrate animals that their
lifetime cancer risk had to be maintained at a low rate, around
4% — as it appeared to be judging from animals in the wild—
then all of the things that could affect that rate had to be tightly
linked together, so that any evolutionary change in one would
require an equilibrating change in one or more of the others in
order to keep lifetime cancer risk at 4%. Body size, lifespan,
species-specific mechanism of tumor suppression—and
carcinogenic hazard, too, I now realized—these were all
dependent variables in an equation describing an unbreakable
law of vertebrate speciation— the lex naturalis of vertebrate
speciation. Lifetime cancer risk was the independent variable, a
variable that could be forced to participate in the equilibration
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process, but only if something went really wrong, preventing
equilibration among the dependent variables.

One can visualize this pictorially, showing the
interdependence of all of the variables with respect to one
another, like this:

Figure 4.5 The lex naturalis equation. During vertebrate
speciation, equilibration occurs between body size (S), lifespan
(Li), species-specific mechanism of tumor suppression (T), and

carcinogen exposure (E), in order to maintain lifetime caner
risk (R) at 4% or lower.

The lex naturalis equation depicted above represents a species
that is optimized for assimilation of environmental resources
into DNA, with all dependent variables equilibrated during the
evolution of that species to produce a lifetime caner risk, R, of
about 4%. That all variables have been equilibrated is
reinforced pictorially by the fact that they are all contained
within the blue dashed lines. 77 Thus, all variables in this
representation are in a normalized configuration. When we
want to show what would happen if one of the variables
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changed, that is, what compensatory modulations would occur
in other variables to equilibrate that change, we can do so by
expanding the changing variable outside the blue dashed lines,
and doing the same with the variable(s) undergoing
compensatory equilibration.

In nature, a disequilibrium between S, Li, T, E is never
permitted to occur, and species optimized to assimilate
environmental resources into DNA will always have variables
that are between the lines. In the discussion that follows, when
we show variables outside the lines, it is done to illustrate
which variable changed to advance speciation, and which
variable was modulated to equilibrate that change. In actuality,
the lex naturalis for species evolving under natural conditions
can always be drawn in a normalized configuration, with all
variables within the lines. Only where Nature has been
thwarted, as in the human selection that led to the modern
breeds of dogs (and also in our own species, as we shall discuss
in the next chapter), can lex naturalis equations exist only in a
dis-equilibrated configuration.

As an example, let’s consider the first dogs, or even epi-
wolves, which had only a rudimentary form of a “kill switch”
tumor suppression mechanism (based on the same circulating
DHEAS that enabled inhibition of the “fight-or-flight”
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response, and therefore enabled “first contact”). By itself, this
rudimentary kill switch would not have been sufficient to
enable them to co-habit the smoke-filled environs of pre-
modern humans. But as we discussed in chapter two, epi-
wolves, and the first dogs, were smaller, which made them less
threatening to humans than full sized grey wolves. Thus, small
body size combined with the rudimentary kill switch to
equilibrate the lex naturalis after epi wolves/dogs began co-
habiting with humans, offsetting the dramatic increase in E
(from exposure to the polycyclic aromatic hydrocarbons—
PAH— in smoke) that such co-habitation involved. According
to the lex naturalis , large wolves could not have made this
transition, nor wolves without high levels of circulating
DHEAS.
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Figure 4.6 Lex naturalis equation of ancestral grey wolf
equilibrated by millions of years of evolution. Epi wolves were
able to establish relationships with humans because their small

body size (S) and enhanced levels of circulating DHEAS (T)
equilibrated the increased carcinogen exposure that occurred

when they joined humans in their smoke-filled habitats.
Enhanced levels of circulating DHEAS probably also

moderated the “fight or flight” response, enabling contact.

Next, we can consider the lex naturalis equations for our
modern dog breeds, comparing small dogs to large, tall dogs.
The Irish Wolfhound is the tallest of all dogs, and can stretch
out to a height of over seven feet when standing on its back
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legs. They were bred to great size in order to hunt wolf, deer,
boar and elk on the Irish countryside, and can achieve
incredible speeds at the gallop. As companion animals in the
modern world, they have been described as courageous,
dignified and calm. Unfortunately, these magnificent creatures
have very short lifespans, ranging in various studies from 5.95
to 8.75 years. 78 In accordance with the lex naturalis , when we
increased body size by artificial selection in the Irish
Wolfhound without providing it with an improved tumor
suppression mechanism— the way Nature would have if this
animal had evolved under natural selection— there was an
equilibrating decrease in lifespan in order to offset this increase
in body size.

When equilibration becomes impossible
While changes in lifespan absorbed some of our violation of the
lex naturalis during our selective breeding of canines, our
failure to provide each new breed of dog with its own unique
mechanism of tumor suppression, the way natural selection
would have done in the creation of new species, left some
breeds, particularly larger breeds, at elevated lifetime risk of
cancer. Thus, not all of our violation of the lex naturalis could
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be absorbed by changes in lifespan, as it becomes inherently
inefficient to decrease lifespan in animals with large body size;
at some point in the equation, when it becomes too inefficient
to decrease lifespan any further as a means to equilibrate
human-engineered violations of the lex naturalis — something
that would never happen in a natural setting— the excess
translates to changes in lifetime cancer risk, R. Overall, our
repeated violations of the lex naturalis in the selective breeding
that produced today’s dog breeds has caused a situation in
which there are now 3 1/2 times more dogs with cancer in the
United States than there are people with cancer! (Even though
there are 3 1/2 times fewer dogs than people.)

There can be no doubt but that our manipulation of the wolf
genome by selective breeding has increased cancer risk in
man’s best friend. Thus, the wolf is similar to other longer-lived
placental mammals in having a lifetime cancer risk of about
4%. Since a wolf has a natural lifespan of about 13 years, this
equates to an incidence rate of cancer in the wolf of about 210
per 100,000 wolves per year. This can be compared to the
human cancer incidence rate of about 442 per 100,000 humans
per year. As we noted in chapter one, in our dogs the cancer
incidence has skyrocketed to a figure of 6,600 per 100,000 dogs
per year— more than 30 times higher than in the wolf .
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Cancer is truly epidemic among our dogs. And it is our
fault.

Figure 4.7 The lex naturalis equations for small versus large
dogs. Note that even though small dogs benefit by an increase

in lifespan, they still have an increased risk for cancer—
although not nearly the increase observed in large dogs— for

reasons that we will discuss below.
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Additional risk factors in dogs brought about
by breeding

Small dogs
As we have discussed above, overall lifetime cancer risk for all
types of cancer is affected by body size, particularly height.
However, additional risk factors for individual cancer types are
clearly superimposed upon this overall pattern, suggesting that
the genomic/epigenomic 79 changes that were selected for to
achieve prized breeds carried with them an enhanced risk for
specific types of cancer. For example, small dogs, even though
they are at overall reduced risk for mortality from cancer, are
three-fold more susceptible to mammary cancer than are large
dogs. 80 Clearly, the selection process that was required to
produce the smallest dog breeds has somehow left them with
mammary tissue that is inordinately susceptible to neoplastic
transformation. While the cause for this increased susceptibility
remains to be clarified, it may be that the genetic and epigenetic
modifications responsible for reducing growth of muscles,
bones and most other tissues, resulting in small body size
actually enhanced the susceptibility of mammary epithelium to
neoplastic transformation. Early spaying of female dogs
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dramatically reduces the risk of later development of mammary
cancer, suggesting a fundamental role of progesterone in its
etiology. But how small dogs remain preferentially affected by
mammary cancer remains a mystery.

Large dogs
In addition to their increased overall lifetime cancer risk for all
types of cancer, tall dogs like the Irish Wolfhound, and the
Great Dane, have a particularly high risk for certain kinds of
cancer, such as osteosarcoma. 81 In both dogs and humans,
osteosarcoma generally occurs in the growth plates of long
bones. But there are also differences between canine and human
osteosarcoma. In humans, osteosarcoma occurs primarily in
children, whereas in dogs, the median age of developing
osteosarcoma is about seven years, which corresponds to the
adult phase of the canine life cycle. Human osteosarcoma
occurs more frequently in males, whereas there is no sex
preference in canine osteosarcoma. Another difference between
human and canine osteosarcoma is that this particular tumor
type is 30-50 times more frequent in dogs than it is in humans.
82 Large and giant breeds of dogs account for 90% of all cases
of canine osteosarcoma. 83 Clearly, the genes that have
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undergone artificial selection to increase size in dogs has left
them with an increased lifetime risk of cancer in general, and
osteosarcoma in particular.

As you would probably expect, based upon their role in
bone growth, IGF1 and its receptor, IGF1R, are both thought to
play a significant role in osteosarcoma, 84 with certain genetic
polymorphisms in IGF1 enhancing the risk of and reducing the
prognosis for osteosarcoma. 85 Two microRNAs (miR-503 and
miR133a) have been found to inhibit the growth of
osteosarcoma by targeting the mRNA of IGF1R, 86 and high
expression of IGF1R predicts poor outcome in canine
appendicular osteosarcoma. 87 In addition to IGF1 and IGF1R,
fibroblast growth factor 1 (FGF1) and its receptor (FGF1R) are
also over-expressed in osteosarcoma, 88 and FGF1R is
suppressed by the natural miRNA133b. 89 Both IGF1 and FGF1
increase with increasing body size in dogs, 90 offering an
explanation as to why large breeds of dogs have an increased
lifetime risk of osteosarcoma. But there may also be a temporal
aspect to the increased risk of osteosarcoma in the largest dog
breeds. Thus, when our breeding practices forced increases in
height in our largest dogs, a corresponding increase in the speed
at which they achieved their adult size also occurred in many,
but not all of them. It now appears that it is the largest dogs
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with the shortest developmental period to reach adult height
that seem to be at highest risk for osteosarcoma. It thus may be
the rapidity of growth in the long bones of big dogs that
underlies such high risk. 91 As we shall discuss in chapter 10,
the lex naturalis teaches us how we might “normalize” cancer
risk in our dogs— not just osteosarcoma, but all canine tumors
— from its current aberrant 50% lifetime risk to the 4% of their
ancestral species, the grey wolf.

Summary of Chapter 4
A lex naturalis exists for vertebrate speciation in which any
change in the variables of body size, lifespan, species-specific
mechanism of tumor suppression, or carcinogen exposure
(which change might occur in order to enable a new
environmental niche to be exploited) must have a simultaneous,
equilibrating change in one or more of the other variables in
order to keep lifetime cancer risk at a value of about 4%. We
gave as an example how an increase in size must be
compensated for by an improvement in species-specific
mechanism of tumor suppression, or a decrease in lifespan.
Without such an equilibrating change among these dependent
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variables, lifetime cancer risk could not be maintained at the
required 4%. In the natural world, Nature does not permit
violations of the lex naturalis , because it would reduce the
efficiency of assimilation of environmental resources into
DNA.

But with humans steering the evolution of canines instead
of natural selec-tion, we failed to provide new dog breeds with
their own tumor suppression strategy the way nature would
have done if she had developed these breeds as separate
species. As a consequence, our manipulation of canine biology,
particularly body size, caused equilibrating changes in other
elements of the lex naturalis, most obvious of which is the
decreased lifespan and increased cancer risk of our large breed
dogs. All of our dog breeds are members of a single species—
Canis lupus familiaris — but they would be separate species if
they had evolved naturally, and would have survived, or not,
depending upon whether their particular features increased the
probability of survival in the natural world. If the Irish
Wolfhound, the Great Dane, the Dogue d Bordeaux, or any
other giant breed had evolved in the natural world, natural
selection would not have permitted such increase in body size
without simultaneously adjusting the animal’s tumor
suppression mechanism so that lifetime cancer risk would
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remain at about 4%. Neither would Nature have permitted
lifespan to be so dramatically decreased as an equilibrating
mechanism, because short lifespan in large animals is an
inefficient use of resources. If the Chihuahua had evolved
naturally, its dramatic reduction in body size would likely have
rendered its lineage-specific tumor suppression system
dispensable— its small body size enabling R to be kept at 4%
using only the canonical p53 tumor suppression mechanism
exemplified by the mouse. Additionally, since lifespan is simply
another variable that natural selection manipulates within the
lex naturalis to effect optimum efficiency of a species , if the
Chihuahua had evolved naturally, as a separate species, it might
not have the long lifespan that it now enjoys. Whether it did or
not would depend entirely upon what particular lifespan best
satisfied the lex naturalis equation for the Chihuahua species.

Our manipulation of the canine genome/epigenome away
from that of the grey wolf may thus have provided some
advantages to our smallest dogs, at least in terms of lifespan.
Reducing their body size violated their lex naturalis equation,
which caused an equilibrating increase in lifespan. But when
we selected for large increases in body size, as for example in
the Irish wolfhound, without providing such dogs with the
improved tumor suppression mechanism that nature would have
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required before permitting increased size, this violation of their
lex naturalis caused the opposite effect— an equilibrating
decrease in lifespan. And when decreasing lifespan reached the
point that it was no longer a tenable strategy because of the
decrease in efficiency that it caused (it is uneconomical to
create large, short-lived bodies), the lex naturalis was enforced
by an equilibrating increase in lifetime cancer risk. Thus, our
giant dog breeds, with their big hearts and their “mutual gaze,”
live short, accelerated lives, leaving us far too soon. But as I
will describe in the next chapter, we may yet be able to remove
the “Sword of Damocles” that we suspended over the heads of
these wondrous creatures, and provide even our giant breeds
with long, cancer-free lives.
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Figure 4.8. Hal, the Irish wolfhound, meets Tic, the Chihuahua.
Photo credit, Rohan Kelly. Photo from the Daily Telegraph,

August 4, 2016. By the time you are reading this, Hal will have
already lived out most of his lifespan, while Tic has many years

yet to go.
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5

Using the lex naturalis to Prevent
Cancer in Your Dog

“Dogs’ lives are too short. It is their only flaw, really.”
Agnes Sligh Turnbull

“Dogs come into our lives to teach us about love and loyalty.
They depart to teach us about loss. A new dog never replaces
an old dog; it merely expands the heart. If you have loved many
dogs, your heart is very big.”

Erica Jong
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A dog’s purpose
In chapter 4 we learned that we created a Sword of Damocles
over the heads of our dogs— especially are big dogs— by
failing to provide them the improved tumor suppression
mechanism that Nature would have provided them if these
breeds had evolved naturally, in the wild, as separate species. In
our creation of every breed, we unwittingly committed gross
violations of the lex naturalis . Natural selection must have
watched our efforts with some degree of bewilderment, because
it is certain that none of the breeds we created could actually
survive in the wild. Not one could successfully compete with
the grey wolf. Most would likely end up on the grey wolf
menu. Even if they could avoid the grey wolves that would
hunt them, a few hundred years of human selection produced a
subspecies of Canis lupus with more than 300 variations, each
of which can only live among humans, because it is dependent
upon human protection. There appears to be no feature selected
by man that would confer upon any of our dog breeds a
survival advantage in the wild environment. Every feature that
gave dogs novelty, and was therefore favored by humans,
would confer reduced survivability upon them in the wild. It is
only by the intervention of humans that most dogs survive. 92

So, what were we thinking?
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When many of the breeds were originally created, they
were created for a purpose. Blood hounds for tracking and
treeing foxes (or, apparently in North Carolina, racoons.) Wolf
hounds for detecting, running down and eliminating wolves in
the freezing mist of the Irish moors. Great Danes were bred to
hunt wild boar. Border collies for herding nervous sheep.
Golden Retrievers for fetching water foul felled by the blast of
a shotgun. Dachshunds for hunting badgers in their burrows
(“dach” is German for badger; thus “dachshund,” for badger
dog.) St. Bernards were bred for mountain rescue by the St.
Bernard Hospice— named after an Italian monk— in the Alps
along the Italian-Swiss border; And so on.

Most of these breeds are now revered for other qualities,
such as their temperament, their loyalty, and their playfulness,
rather than for the task for which they were bred. This gives us
some flexibility, in both the near and long term, to correct some
of the violations of the lex naturalis that we, in our ignorance,
imposed upon our dogs.

Cancer Prevention

Our near term goal
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My lab’s major near term veterinary goal is to “normalize”
lifetime cancer risk in dogs from its current 50% toward the 4%
of animals in the wild. Even by itself, that is a worthwhile goal,
although in the longer term it may also be possible to
simultaneously increase their lifespan, even though reduction in
lifetime cancer risk, R, and increase in lifespan, Li, represent
competing elements of the lex naturalis equation. Reducing
lifetime cancer risk in dogs to 4-5% would reduce canine
cancer incidence 12-fold , from its current 6,600 new cases per
year per 100,000 dogs, to a much more manageable 550 new
cases per year per 100,000 dogs. In terms of all dogs in the
United States, instead of the 6 million new cases of cancer
every year (NCI ), this number should drop to about half a
million . In terms of your dog, it would make cancer something
you really didn’t have to worry about very much; something
that had only a very small chance of affecting your dog— a
disease as rare as it is in wild wolves, who were protected from
cancer by the process of natural selection that adhered to the
lex naturalis .

To accomplish this dramatic reduction of cancer in the near
term, we must dramatically improve species-specific
mechanism of tumor suppression, T, in our dogs. Let’s consider
what this would mean for the dogs most in need, our giant
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breeds. Below we show the lex naturalis equation for large
dogs.

Figure 5.1 The lex naturalis equation for large dog breeds

Because we increased body size, S, in our large dogs without
simultaneously improving T, the increase in body size bred into
our large dogs was equilibrated by a decrease in lifespan, Li.
However, since lifespan can only be reduced to a certain level
before the breed is no longer viable, equilibration to offset body
size was forced to occur through a dramatic increase in R,
lifetime cancer risk.

Pharmacologically improving T
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As we discussed, dogs were able to form a relationship with us
because the epi wolf from which they were derived was at the
high end of the bell-shaped curve for circulating DHEAS.
(Interestingly, female dogs have been reported to secrete most
of their circulating DHEA from their adrenal gland— compared
to male dogs which secrete DHEA from their gonads. This
appears to be another step by canines to move toward the
otherwise primate-specific kill switch. 93 ) In addition to the
role that DHEAS played in enabling first contact, by
suppressing the fight-or-flight response, it also acted as a
rudimentary form of the otherwise primate-specific “kill
switch” tumor suppressor mechanism in which DHEAS is
naturally imported into a cell that has undergone p53
inactivation. That DHEAS can then be de-sulfated to DHEA, a
potent uncompetitive inhibitor of G6PD, and that inhibition of
G6PD will deprive the p53-affected cell of NADPH. Loss of
NADPH deprives such a cell of the selenoprotein firemen and
NADPH-filled fire hydrants required to put out cellular ROS—
resulting in ROS-mediated immolation of the cell.

DHEA and DHEAS are small, stable molecules, and can be
prepared as formulations that can be administered to our dogs
to pharmacologically improve T— we don’t have to wait for
Nature to do it, taking her own, sweet, evolutionary time. We
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can use pharmacological treatment with DHEA/DHEAS to
equilibrate the lex naturalis equations of our dogs.

Below is the lex naturalis equation for large dogs that have
been provided with such a pharmacological improvement of T.
Our major goal here is to reduce R, lifetime cancer risk, to
normal limits of 4-5%, but since R and Li compete for benefit
derived from the equilibration provided by the improved T,
there may also be some increase in lifespan, at the cost of less
reduction in R. However, because R is the independent variable
in the equation, it should be equilibrated preferentially,
returning toward a much more normal figure, approaching 4-
5%. Only after R is fully equilibrated will Lifespan be free to
increase in a less restrained manner.



157

Figure 5.2 The lex naturalis equation for a large breed dog that
has T improved pharmacologically by treatment with

DHEA/DHEAS. R and Li will compete for equilibration by this
improvement in T. Note the large improvement in R, and also

improvement in Li.

E can also be decreased to assist in
equilibration
There may be various ways that we can reduce carcinogen
exposure for our dogs. For example, many dog food
manufacturers tout the high percentage of meat and meat
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products in their products, but we already know that, at least in
humans, replacing meat protein with plant protein significantly
affects cancer risk. 94 Our dogs did evolve as carnivores— that
was the niche that wolves fit into within the expanding mass of
DNA on this planet. But our dogs are no longer part of the wild
kingdom, and it is not obvious that they must remain obligate
carnivores. In my opinion, reducing E in our dogs by feeding
them a vegan diet may offer an effective way to help equilibrate
the lex naturalis , and along with our proposed improvements
in T, reduce R and increase Li. Ellen DeGeneres has taken a lot
of heat from purported experts in canine nutrition, for her line
of vegan dog food (Halo), but in my opinion, she is on the right
track.

Further reductions in E might be had immediately by
eliminating unnecessary exposure to carcinogens, such as
glyphosate weed killer products (e.g., RoundUpTM .) This
statement is based upon recent studies out of the School of
Public Health at UC Berkeley that confirm an association
between exposure to glyphosate and the development of non-
Hodgkin lymphoma in humans. 95 The International Agency for
Research on Cancer (IARC) has stated that glyphosate is
“probably carcinogenic to humans,” and an international group
of toxicologists has also raised alarms. 96 If glyphosate is
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harmful to humans, then it certainly will be harmful to our
dogs, especially since they may achieve high exposure levels
by running and playing and lying about in glyphosate
herbicide-sprayed yards. If we want to do everything in our
power to reduce R and increase Li in our dogs, then, in addition
to providing them with pharmacological improvements to T, we
should also reduce E by every available measure.

Below is how the lex naturalis equation is anticipated to
look for a large breed dog with both a pharmacologically
improved T, and a reduction in E.
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Figure 5.3 Reduction in E, carcinogen exposure, will also help
equilibrate the disequilibrated lex naturalis equation of large
breed dogs. Once R is fully equilibrated, increases in lifespan,

Li, should occur.

The above strategies, focusing on immediately do-able “fixes”
to our violations of the lex naturalis are focused on reducing R
to the levels that are “normal” when selection is natural , rather
than driven by human intervention. But now that Nature has
revealed her lex naturalis to us, we may be able to produce
dogs with both “normal” R and substantially increased Li—
something that natural selection could not do, because she must
produce animals capable of surviving in the wild. We do not
have that same constraint, because our dogs don’t have to
survive in the wild. They are under our protection. Hopefully it
will remain that way for the foreseeable future.

DHEA or DHEAS for this application of
reducing R and increasing Li?
Dogs are different than humans in the important aspect that
they have the canonical GCAG sequence motif in the G6PC
promoter, and a perfectly working GLO gene— so they can
synthesize vitamin C, and DHEA stimulates G6PC activity.
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Because of these differences as compared to humans, what they
cannot do is accumulate very much G6P, which you will
remember is necessary in order to drive uncompetitive
inhibition of G6PD by DHEA to irreversibility. So it is much
safer to administer DHEA to dogs than it is to administer it to
humans. We are hard at work pushing a granular form of
DHEAinto clinical trials with FDA, a formulation in which the
unpleasant taste, and even the odor (undetectable to us, but not
to dogs) of DHEA are pleasantly masked. This formulation
enables precise measurement of mg/kg doses to all size dogs,
by adding it to their food. As a first approach in our veterinary
clinical trials to reduce R and increase Li, dose is being selected
based upon that dose which provides an obvious increase in
sociability. This effect is so visible that we have even filed
patent applications on it as the target effect. As we obtain data
with larger and larger numbers of dogs, we can more precisely
determine what doses bring about maximum decreases in R,
and increases in lifespan.

Medium-term goal in cancer prevention
We noted above that, most of the time, we prize our dogs for
features related to their temperament, their loyalty, their
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unabashed joy at our arrival in their midst—in short, for their
companionship — and not the feature for which they were
originally bred. This leads me to ask the question, wouldn’t an
Irish Wolfhound be just as splendid a companion at half its
current size? Unless a St. Bernard is actually headed for a life
as a rescue animal in the Alps, where large body mass insulates
against the cold, wouldn’t a much smaller version be just as
loveable and fun to have in our lives? (Certainly it would be
less expensive to feed!) Since there are very few wild boar
around to hunt anymore, wouldn’t a miniaturized Great Dane—
perhaps 24 inches tall instead of 36— be just as perfect a
companion? If this makes sense to you, we can use the lex
naturalis to direct future breeding programs, selecting for
breeding purposes those animals at the smaller end of the bell-
shaped curve for size. We can even be more precise and select
as breeders those animals with the lowest IGF1 and FGF1
levels in their serum, and IGF1R and FGF1R expression in
their bone tissues. If we are going to correct our violations of
the lex naturalis , and give our dogs their longest possible
lifespan, and the lowest possible cancer risk, we are going to
have to include these ideas into our breeding strategies.

Let’s consider what the equation might look like for a large
breed dog that has undergone optimization for size by breeding
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to conform to the lex naturalis . Irish wolfhounds that are half
the size that they used to be. Great Danes, Dogues de
Bordeaux, mastiffs, all half the size than that at which they
were originally bred. Using this combination of strategies, I
believe that we can double, perhaps even triple the lifespan of
our currently giant breeds, and simultaneously reduce their
lifetime cancer risk, R, to the normal range of about 4%.

Figure 5.4 The lex naturalis equation for a formerly giant
breed, such as an Irish Wolfhound, St. Bernard, Great Dane,
etc., miniaturized to about half its former height by standard
breeding practices, selecting dogs from the small end of the

bell-shaped curve; and these dogs also receiving



164

pharmacological improvement of T, and maximal reduction of
E as discussed above.

What about our miniature breeds?
Should we continue to miniaturize dogs until they are the size
of ancestral primates? No. We can already see that R is larger
than it should be in some of the miniature breeds, particularly
with respect to endocrine-related cancers. Small dogs, for
example, have been found to have three times the risk of
developing mammary gland cancer than large dogs— although
their risk for developing certain other kinds of tumors,
especially those related to bone growth plates such as
osteosarcoma, is quite reduced compared to large dogs. 97 From
what we know right now, we can say with certainty that the
breeds that are already miniature should not be bred to be even
smaller. Spaying a female dog before her first heat almost
completely removes her risk of developing mammary gland
cancer; although this is not a reassuring fact for breeders whose
business it is to produce these dogs. Also, while a female dog’s
risk of mammary gland cancer disappears after neutering, there
is evidence that her risk for developing other kinds of tumors
goes significantly up. 98
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Figure 5.5 Miniature breeds have benefitted by having their
small body size equilibrate the lex naturalis by increasing

lifespan, Li. However, their lifetime cancer risk, R. remains
outside the 4-5% mandated by the lex naturalis as it would be

expressed under natural selection.

Miniature dogs should benefit from improving T via
pharmacological manipulation of DHEA/DHEAS levels in
potentially dramatic ways. However, their lex naturalis
equations may respond in a different way than they would for
large dogs. By pharmacologically enhancing T in our miniature
breeds, we should be able to significantly reduce R, and
increase their lifespan still further. Will we be able to enhance T
and reduce E to the extent that our small dogs will become
virtually lifelong companions? I believe that by correcting our
violations of the lex naturalis we may very well see small dogs
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living 40 year lifespans, with lifetime cancer risks normalized
to the 4% that Nature intended. So, yes. This strategy could
make the “First Friend” our companion throughout long
stretches of our own lifespan.



167

Figure 5.6 Correction of the lex naturalis in small dogs, by
pharmacologically enhancing Twith DHEA, and reducing E by
managing carcinogen exposure, is predicted to decrease R and
increase Li to the point where such dogs may become lifelong

companions.

What about our “normally-sized” breeds?
Cancer has become the main cause of death in all dogs,
irrespective of their breed. 99 We have noted that female dogs
resemble primates in that their adrenals secrete DHEA—albeit
not at the levels observed in primates— and that they decline
with age, similar to what is observed in humans.99 Thus, all
dogs are likely to benefit from our intervention to improve T by
pharmacological administration of DHEA or DHEAS. As in
our discussion of dogs at the extremes of body size, medium
sized dogs should also experience significant decreases in R,
and increases in Li, by such intervention.

Using the lex naturalis to “cancer-proof” the
dogs of the future
Earlier we discussed the possibility that we might be able to use
the new tools of genetic engineering to correct some of the
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violations to the lex naturalis that the last several hundred years
of breeding have caused. Anticipating that there may be those
who object to artificial means to alter breeds, we pointed out
that this particular horse has already left the barn— there was
nothing “natural” about humans selecting dogs for gigantic
size, miniature size, wrinkled skin, blue eyes, white coats, or
any of the other myriad traits that some human somewhere at
sometime came across and decided to immortalize for its
uniqueness— not its ability to increase that particular dog’s
fitness. If we can use the tools of modern genetic engineering to
fix our past errors — and there is no longer any technical
obstacle to doing so— then we should do so. So, the question
is, how would we go about this? What would we change? If we
install a complete primate-style tumor suppression system,
according to the lex naturalis , that should normalize lifetime
cancer risk in our dogs, and after that, it should increase their
lifespan. If we use the tools of genetic engineering to install a
primate-style kill switch into our dogs, should we follow the
order that primates followed when they naturally evolved their
“kill switch” tumor suppression mechanism?

We have noted that dogs resemble humans in that they have
(1) circulating DHEAS, and therefore at least a rudimentary
form of the primate “kill switch;” and (2) a rudimentary form of
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adrenarche, being one of the rare animals that secretes DHEAS
into the circulation from their adrenal glands. 100 It also turns
out that, unlike most mammals, but very much like humans as
we saw in the chapter on the evolution of the primate kill
switch, (3) dogs re-absorb uric acid from the kidney. 101 They
thus have the potential to reproduce this element of the primate
kill switch— except that most dogs have functional UOX, so
the transition toward the primate kill switch ends halfway there.
Their active UOX breaks down uric acid, which is then
metabolized all the way to allantoin, and excreted. Except in
one breed of dogs . A breed of dogs in which uric acid is not
broken down, and consequently builds up, both in the
circulation, and in the urine. Intriguingly, a breed of dogs with
an inordinately close association with fire , and therefore with
PAH . And even more intriguingly, a breed of dogs in which the
mutation that caused this increase in uric acid just happens to
be the signature mutation of PAH exposure, G to T ; the same
signature mutation that converted the GCAG sequence motif of
most mammals to the kill switch-enabling GAAT motif in the
G6PC promoter of anthropoid primates. Let’s have a look at
this singular breed of dog.
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The Dalmatian story: Experimenting with
improvements in T?
Inactivation of UOX in hominoid primates occurred by two
different sets of mutations, one in the Hominoidea — the Great
Apes and humans— and an entirely different one in the
Hylobatidae — the gibbons. To enable the great increase in
body size in the hominoids— e.g., the lowland and mountain
gorillas, each of which can reach a body mass of 200 kg—
there was also a modification in the hominoid lineage related to
control of the uric acid transport protein, SLC2A9, putting it
under p53 control. Thus, in cells with active p53, SLC2A9
actively transports uric acid into the cell, and the antioxidant
property of uric acid helps to maintain ROS at low, nontoxic
levels. But in a cell in which p53 has been inactivated, SLC2A9
activity is shut off, uric acid entry into the cell stops, and the
increased ROS caused by DHEA-mediated inhibition of G6PD
burns the cell down. High circulating uric acid levels in the
Hominoidea were thus the improvement in kill switch function
that enabled increased body size while maintaining R at the
required low rate.

It struck me as fascinating, then, that Nature appears to be
“experimenting” in the breed of dogs known as Dalmatians
with elements of the primate “kill switch” beyond the
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circulating DHEAS that all dogs have; beyond the rudimentary
adrenarche that all dogs have; and beyond the reabsorption of
uric acid that all dogs have. Thus, while other dog breeds end
up metabolizing uric acid and excreting the breakdown
products, Dalmatians do not. This leads to a situation in which
Dalmatians have serum uric acid levels that are almost three
times higher than those observed in other dog breeds; and
nearly in the range of humans (0.68 mg/dL in other breeds of
dogs, vs 1.85 mg/dL in Dalmatians, vs. 3.5 mg/dL in humans.)
102 (It also leads to a serous problem of high uric acid in the
urine of Dalmatians, which can precipitate out as painful
“stones” called calculi.) We saw in the previous chapter that
heavy selection for high circulating levels of uric acid occurred
in the hominoid primates, as part of the kill switch tumor
suppression mechanism in this lineage. Is the increase in
circulating levels of uric acid under similar positive selection in
the Dalmatian?

Evolution is approaching uric acid metabolism in a different
way in Dalmatians than it did in hominoid primates. Thus, the
UOX gene in Dalmatians is fully functional— just as it is in all
other animals except humans and the great apes. It is therefore
not the cause of the elevated levels of circulating uric acid. 103

Instead, evolutionary change in Dalmatians appears to be
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focusing on SLC2A9, 104 the same transport protein that came
under p53 control in the hominoids. What is happening to this
gene in Dalmatians is intriguing. Three mutations have been
identified— one in the coding region and two in the promoter.
(To refresh, the promoter is in the non-coding 5’ or left side of
the gene, and controls the rate of expression of the gene.) The
mutation in the coding region consists of a G to T mutation in
the fifth exon. (An exon is a region that codes for proteins,
generally flanked by noncoding regions called introns). This G
to T mutation dramatically reduces the activity of the SCL2A9
uric acid transport protein. 105 We do not yet know if the
modifications in the Dalmatian SLC2A9 gene have anything to
do with putting it under p53 control. But if Dalmatian SLC2A9
has been put under p53 control, then it would seem that natural
selection is following a parallel evolutionary path in this breed
as compared to hominoid primates. More likely, it may be that
the high circulating levels of uric acid generally reduce E in the
lex naturalis equation of Dalmatians, but the inhibition of uric
acid transport into the interior of the cell— caused by the
SLC2A9 mutations— prevents uric acid antioxidant from
entering cells. This would have the blunt effect of reducing the
threshold at which ROS could burn down the cell, because
there would be less intracellular uric acid antioxidant around to
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naturally suppress ROS. If this is what is happening, one could
imagine a scenario in which DHEAS would be imported into
Dalmatian cells that have p53 inactivated; that DHEAS would
be rapidly de-sulfated to DHEA, and DHEA would be toxic at a
lower threshold of G6PD inhibition than in other dog breeds
because the lack of intracellular uric acid means that ROS are
high to begin with— it would not take much NADPH depletion
to cause the p53-affected Dalmatian cell to burn up.

The G to T mutation in the fifth exon of the SCL2A9 gene
occurs in all Dalmatians, and in both alleles; that is, it is
homozygous. 106 (Every animal has a separate allele, or copy of
the gene, one inherited from its mother, and one from its father.
When both alleles are the same, they are said to be
homozygous. When they are different, with different properties,
they are said to be heterozygous.) Again, G to T is the signature
mutation of PAH , as we discussed for the evolution of the
anthropoid primate-specific GAAT sequence motif in the G6PC
gene, which evolved from the canonical GCAG motif of most
other vertebrate animals. In thinking about this, one should
keep in mind that G to T mutations are not common. In
humans, the species most studied, G to T mutations are found
in the lung tumors of smokers— but not in the lung tumors of
non-smokers. In non-smokers, G to A mutations predominate.



174

Thus, G to T mutations are rare in the absence of PAH
exposure. 107 Did Dalmatians experience greater PAH exposure
than other dogs? Is this why they fixed these signature
mutations of PAH exposure into both alleles of their SLC2A9
genes?

In this regard, the history of the Dalmatian is equally
fascinating. They were bred in the 17th and 18th century as so-
called “coach dogs,” meaning that they showed a special
affinity for horses, and so accompanied the horse-drawn
carriages of the nobility. The gene for their spotted coloration is
physically very near to the SLC2A9 gene on the chromosome,
and selection for this spotted coloration to create the breed may
have been responsible for fixing the G to T mutations in this
gene into the Dalmatian lineage. This breed was subsequently
found to have great aptitude in the leading of horse-drawn fire
wagons to the site of fires— also the site of dramatically
increased PAH exposure. Because of their aptitude with fire,
they rapidly became the canine of choice for fire brigade duty.
It is thus either one of the most incredible coincidences in the
history of dogs, or a clue to why Dalmatians were able to
become fire brigade dogs, that the G to T mutations in the
SCL2A9 gene in Dalmatians consists of the signature mutations
of PAH exposure 108
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Figure 5.7 The Dalmatian became the dog of choice to lead
horse-drawn fire brigades to the sites of fires— and PAH

exposure. Did their unique SLC2A9 mutations, consisting of the
signature mutation of PAH exposure— lead to their unique

ability to perform such duty? Picture courtesy of the archives of
the Boston Globe .

It is too early to believe with any real confidence that
Dalmatians are evolving toward a more cancer-resistant breed
— i.e., that the lex naturalis is attempting to wrest control of
selection away from humans— but there are intriguing hints
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that this may be the case. For example, Professor Jane Dobson
of the University of Cambridge, in the UK, published a study of
15,888 canine deaths, 4,282 of which were found to have been
caused by cancer. 109 To examine whether there was any hint
that the SLC2A9 mutations in Dalmatians might be undergoing
selection as a means to equilibrate the lex naturalis equation in
this breed, I did a re-analysis of Professor Dobson’s data in
which I divided the frequency of death due to cancer by the age
at death, for each breed. This provided a crude measure of any
equilibration going on between R and Li— the lower the
resulting quotient, the stronger the equilibration effect. The
Dalmatian is a relatively large breed, with an average body
mass of 55 pounds— certainly not as big as a massive
Leonberger or Bullmastiff, but far outside the range of small
dogs such as a Cairn terrier. So I wasn’t very hopeful that I
would see anything interesting. You can imagine my surprise
when I found that the Dalmatian scored in the 92nd percentile,
with the only dogs scoring better (lower) being the miniature
and small breeds, such as the Cairn terrier (9 pounds), the Shi
Tzu (12 pounds), the Lhassa Apso (16 pounds), the Border
terrier (14 pounds), and the Dachshund (about 20 pounds). Of
dogs near its own weight class, only the German Spitz
(averaging about 38 pounds), and the Bearded collie (averaging
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about 50 pounds) scored in a similar range. As we would
expect, the Leonberger, at 150 pounds, scored at the upper end
of the range, showing no equilibration, as did the Bullmastiff, at
up to 200 pounds in body mass. If we thus take body size, S,
into consideration, there may actually be equilibration going on
in which SLC2A9 mutations producing elevated circulating
(but reduced intracellular) uric acid levels in Dalmatians enable
increased body size while maintaining a lower R than might
otherwise be the case. While this quick calculation does not
prove that equilibration of the lex naturalis is going on in
Dalmatians, it does indicate that a deeper look is warranted.

Should we take over correction of the lex
naturalis in Dalmatians?
The SCL2A9 mutations that have occurred in Dalmatians have
put them at risk for kidney stones that are generally quite
painful, even debilitating, and which frequently require surgical
intervention. Perhaps this makes Dalmatians the perfect breed
in which to initiate genetic engineering studies— trying to
intervene and relieve their propensity to develop kidney stones,
while at the same time improving T to reduce R and increase
Li. This might be accomplished by adopting the hominoid
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modifications to SLC2A9 that put this gene under p53 control.
In other words, we might work backwards (from the primate
perspective), modifying SLC2A9 to make it function like the
human gene. We might then inactivate UOX, perhaps
employing the same mutations as observed in the human gene.
Of course, once the Dalmatian SLC2A9 gene has been repaired
or replaced, a more straightforward approach would be to
administer uric acid pharmacologically. Genetic modifications
to canine URAT1— or its replacement with the human
homologue— would then be next on our list, transforming
canine uric acid re-absorption kinetics toward those that make
the human kill switch function. We could then explore what
effect inactivation of GLO (making dogs auxotrophic for
vitamin C, which could easily be added back in their diet), and
replacement of the GCAG sequence in the canine Glucose-6-
phosphatase (G6PC) gene with the anthropoid primate GAAT.
And, of course, all the while providing primate-levels of
DHEAS to them.

By choosing the Dalmatian as our initial focus, we would
be selecting a breed that has been doubly victimized by human
selection— first by the SLC2A9 mutation that may confer an
“improvement” in tumor suppression by increasing circulating
uric acid (but also creating painful renal calculi in the process);
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and then by selecting Dalmatians as the best dogs for fire
brigade duty.

Whether we begin our genetic engineering program to
correct human violations of the lex naturalis in the Dalmatian,
or begin generally across a variety of different breeds, remains
to be seen. But we intend to correct the mistakes that we
humans made in the breeding of our dogs, and hope that you
will support our efforts in this.

What should be the role of kennel clubs in
correcting human violations of the lex
naturalis in our dogs?
There are a large number of kennel clubs around the world, the
largest being the Fédération Cynologique Internationale (FCI),
based in Thuin, Belgium, and the American Kennel Club
(AKC) headquartered on Madison Avenue in New York City.
Both clubs maintain a registry of “pure bred” dogs based upon
their immediate ancestry. The information page for the AKC
states that it “is the recognized and trusted expert in breed,
health and training information for dogs,” and the foreword
from the AKC “Rulebook” published in September, 2019,
states that the purpose of the organization is “to do everything
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to advance the study, breeding, exhibiting, running and
maintenance of the purity of thoroughbred dogs.” As with
thoroughbred horses, the word “thoroughbred” comes from the
phrase, “thoroughly bred,” meaning that the decision was made
that no further selection could improve the breed. (This
decision, of course, was made before the uncovering of the lex
naturalis ). Those dogs selected for breeding purposes are thus
those that are closest to the absolute center of the bell-shaped
curve for every visible trait of their breed. These same dogs—
the ones closest to the absolute center of the bell-shaped curve
for their breed—are the ones that win AKC and FCI shows.

At least for our large breeds of dogs, such selection from
the very center of the bell-shaped curve will not get us where
we need to go if we intend to remove the “Sword of Damocles”
that we suspended over their heads during the establishing of
their breeds. I respectfully request that FCI and AKC consider
what changes need to be made to take the discoveries described
in this book into consideration. If they do not, alternative
kennel clubs that are based on improving breeds by correcting
human violations of the lex naturalis are sure to spring up.

Summary of Chapter 5
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The plasticity of DNA to expand and fill every available niche
is exemplified in the dog. In just a few hundred years, the dog
diversified from one to more than 300 different breeds, and
such diversification could keep going, making 300, 600, 1200,
almost an infinity of new breeds in another 500 years, if that’s
the way we humans, acting in the place of natural selection,
took it. We would be creating new niches for canine DNA that
relate to the desires of man, not the strictures of natural
selection. Such new niches would have nothing to do with
survival of the fittest— we would make sure that even the least
fit dog survives— and everything to do with the whimsy of our
own species. It is my considered opinion that, as nothing less
than a moral obligation to our “First Friend,” we should correct
the violations of the lex naturalis that we unwittingly made in
the creation of the modern dog breeds. This can be started by
breeders of large dog breeds beginning to select from the small
end of the bell-shaped curve. And ACGT will do its part, with
its collaborators, to make the DHEA and DHEAS formulations
available as quickly as possible. It is our belief that, using a
combination of the strategies discussed in this book, we can
normalize lifetime cancer risk in dogs from its current epidemic
levels, to the 4-5% that are the natural boundaries of the lex
naturalis equations for vertebrate species. We also believe that
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we can double, perhaps triple the lifespan of our large breeds of
dogs, and make our small breeds virtually lifelong companions
using the same strategies. If we do this, then humans will have
earned the loyalty given to us by our dogs.

It is a basic premise of this book that canines became the
First Friend because they had certain “human-resembling”
attributes that enabled the epi wolf to initiate first contact, and
then maintain a relationship with humans thereafter. These
attributes, the first of which was circulating DHEAS, enabled
first contact by suppressing the fight-or-flight response. But
circulating DHEAS was also part of a kill switch tumor
suppression mechanism that enabled the epi wolf, and dogs
thereafter, to tolerate exposure to PAH. Additionally, dogs, just
like primates during the evolution of their kill switch tumor
suppression mechanism, also evolved a rudimentary form of
adrenarche, and bi-directional transport of uric acid in the
kidney (even if they have not yet put the import of uric acid
into cells under the control of p53). One breed of dog— the
breed that we recruited for fire brigade duty, and hence a
substantially increased exposure to PAH— even appears to
have evolved a rudimentary, and flawed, mimic of the human
kill switch mechanism of withdrawing uric acid from p53-
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affected cells; and has done so via the G to T signature
mutation of PAH.

Dogs have been evolving toward us for ages. When humans
took up farming and switched from a primarily meat-based diet
to one with a high starch content, dogs even evolved changes in
starch-metabolizing enzymes so that they could continue the
collaboration. 110 It seems to me that our dogs have done just
about everything they could possibly do to earn their place as
First Friend. I think it is time for us to earn ours.
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6

Chemo for your dog?

“ The time has come in America when the same kind of
concentrated effort that split the atom and took man to
the moon should be turned toward conquering this
dread disease. Let us make a total national commitment
to achieve this goal.”

President Richard Nixon, 1971

For us cancer research scientists, our unforgivable mistake in
the five decades since President Nixon declared war on cancer
is that we have attempted to mentally levitate our prosecution
of that war over a vast chasm in our basic knowledge, as if that
chasm didn’t exist, or didn’t matter. That chasm was the
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complete absence of an understanding of what a species was—
what the process of speciation was— and therefore complete
ignorance of the fundamental role that species play in cancer.
For 50 years and more, the whole cancer war machine has been
levitated over the false belief that one vertebrate species, such
as a mouse, can be used to construct a valid model system with
which to study cancer in another vertebrate species, such as a
human. Piling error on top of error, severely testing our powers
of levitation, we next declared that the p53 tumor suppressor
functions in a virtually identical manner from one species to
another— when we didn’t even know what a species was!
When we had no agreement whatsoever on what constituted a
species! And how could we? Until the uncovering of the lex
naturalis , we did not know that cancer was a fundamental
force opposing vertebrate speciation , and that species-specific
mechanisms of tumor suppression evolved as a counterforce to
that opposition, particularly when increases in body size were a
component of speciation. Cancer is thus a fundamental aspect
of speciation, and species are a fundamental aspect of cancer.
No accurate definition of species— and no successful
prosecution of the war on cancer— was even possible until we
understood this. And such understanding happened only
recently. 111
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The discovery of the lex naturalis revealed that p53 is
indeed fundamental to cancer, but as the chief architect of
species-specific mechanisms of tumor suppression ; not for its
canonical repertoire of anti-cancer effects so well studied in the
p53 knockout mouse. Small animals such as mice use small
body size and short lifespan as their species-specific
mechanism of tumor suppression. Small body size minimizes
the number of cells at risk of becoming cancerous, and short
lifespan resets accrued mutations to near zero at very short
intervals in successive generations. (Remember to think of a
species as an agglomeration of similar genomes, moving
together through spacetime en masse, without a “precise now.”
See the online supplements attached to the reference just above
for deeper discussion. ) But this “small animal strategy” is a
completely different tumor suppression strategy than those that
evolved in larger, longer-lived species such as humans,
elephants and whales— the strategies of which will clearly be
as different from each other as they are from mice because of
the different environments these species exploit, and the
species-specific mechanisms that have evolved to enable
exploitation of those environments. Such species could only
evolve large bodies and long lifespans by augmenting the
canonical p53 tumor suppression repertoire in ways that,
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because they are linked to methods of habitat exploitation, are
necessarily species-specific. By this revelation, the past five
decades of cancer research using animal models has been
rendered irrelevant to human cancer. And to canine cancer.
Because of the existence of species-specific mechanisms of
tumor suppression, only humans can be used to conduct valid
research on human cancer. Similarly, only dogs can be used to
conduct valid research on canine cancer. This is critical for our
discussion because virtually all drugs used to treat canine
cancer are human cancer drugs that were discovered in mice ,
making them doubly irrelevant for our dogs with cancer.

As we have already noted, there were suggestions along the
way that experiments in animal models were not giving us
reliable information regarding human cancer.

“The history of cancer research has been a history of
curing cancer in the mouse. We have cured mice of
cancer for decades— and it simply didn’t work in
humans.”

Dr. Richard Klausner
Former Director of the National Cancer Institute

We have discussed how it is the mutability of the collective
mass of DNA on this planet that enables it to expand,
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amoeboid-like, into the environment, and to assimilate the
environment into more of itself. We have also noted how
species act like the pseudopodia of this amoeboid-like DNA
super-organism, and have evolved as the basic machines of
evolution because they are efficient mechanisms with which to
assimilate environmental resources into DNA. Because the
mutability of DNA is the basic element of both speciation and
neoplastic transformation/cancer, in retrospect it should have
been obvious early on that there was a fundamental connection
between species and cancer.
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Figure 6.1 First published in Nyce, 2019 112

The war machine of cancer research in this country, in the form
of the National Cancer Institute (NCI), has now reached an
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annual budget of $6.7 billion per year. And this doesn’t include
the $174 billion that goes directly to the treatment of cancer
each year— $895 billion worldwide . All of this money is being
spent continuing to levitate the cancer war machine over the
false premises that the concept of species is irrelevant to human
cancer, and therefore mouse models of cancer produce data
relevant to human cancer. 113

Want final proof that we have so far failed using animal
models in our war on cancer? A recent study has reported that
only 8% of cancer drugs that work fantastically in mice show
results in humans that reach statistical significance. 114 Clearly,
inventing drugs to treat mouse cancer is a very ineffective
strategy for creating effective drugs for human cancer— let
alone for canine cancer. This is borne out in the most elemental
indicator of success— cancer patient survival. The figure below
is a simple graphical representation of data published by the
NCI, showing that over the past 27 years, two-year survival
among patients with invasive cancer has improved less than 7%
. Clearly, levitating the war machine of cancer research over the
bottomless chasm of reliance on animal models, and by our
failure to consider, deeply, the concept of species, has brought
us to this stalemate. Treatment outcome in invasive human
cancer is at an asymptotic limit beyond which further progress
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may not even be theoretically possible. Cancer research results
have “flat lined.”

Figure 6.2 Treatment outcome in invasive human cancer. Data
from NCI SEER Cancer Statistics Review (CSR) 1975-2014.

First published in Nyce, 2018 . 115

But the story behind the failure depicted in the two-year
survival numbers in the figure above goes back much further
than Nixon’s declaration of war on cancer, and the efforts to
levitate the ensuing cancer war machine above huge gaps in our
basic knowledge. The roots of our failure to win the war on
cancer originated at an unlikely time and in an unlikely place—
all the way back to the days of Sopwith Camels and Fokker tri-
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planes tracing graceful, deadly arcs in the sky; a time when
flying aces like the Red Baron and Eddie Rickenbacker dueled
with each other in and out of the clouds, while far below,
looking like ants from such elevated, moving perches, other
men, made far less gentlemanly by their circumstance, clawed
at each other in the mud of the Western Front.

A brief history of chemo
As surprising as it might seem, cancer chemotherapy— chemo
for short— had its origins on the battlefields of World War I.
More than 2,500 kilometers (1,500 miles) of trenches were dug
by opposing forces facing each other across a series of killing
fields between France and Belgium. If put end to end these
trenches would have stretched from Boston to Miami, a
testament to the industry of men when they are determined to
kill each other. The trenches were built as protection from the
new inventions of war, including the rapid fire machine gun,
and extremely accurate long rifles. In order to enable the
effective use of such new weapons, another was invented, a
volatile chlorine mustard gas that could be hurled into opposing
trenches, shot from cannons, or dropped from airplanes, for the
purpose of forcing opposing soldiers out of their trenches and
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into the line of fire. As a weapon of war, these mustard gasses
were horrific, destroying every tissue with which they came
into contact by alkylating the DNA of those tissues (adding a
methyl or ethyl group to oxygens and nitrogen’s in DNA
bases). Given the choice of choking to death in a mustard gas-
filled trench or exposing themselves to enemy machine gun
fire, most soldiers chose the latter fate.

Battlefield surgeons treating soldiers exposed to mustard
gas noticed that, in addition to terrible burns on their skin and
in their lungs, such victims were also devoid of lymphocytes,
colloquially known as white blood cells, or WBCs. Since
WBCs are the cells that mediate the immune system in the
body, the effect of destroying them is called
immunosuppression. After the war was over, medical scientists
took this discovery into the laboratory, repeating the finding of
chlorine mustard-induced immunosuppression in experimental
animals such as rabbits. 116
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Figure 6.3 The chlorine mustard gas used on the battlefields of
WWI became the basis for cancer chemo. Picture from the

archive department, U.S. Department of War

At the advent of the Second World War, the U.S. War
Department, fearing that mustard gases might be deployed
against American troops overseas, made money available for
research into their effects. Two medical scientists at the Yale
University School of Medicine, Drs. Alfred Gilman and Louis
Goodman, received some of those research funds, and after
converting the volatile chlorine mustard into a much more
stable nitrogen mustard that could be easily handled in the
laboratory, they collaborated with their colleague Dr. Thomas
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Dougherty, to study nitrogen mustard using Dougherty’s model
of transplanted lymphoma in mice. These experiments bore
immediate fruit. Together, they proceeded to use nitrogen
mustard to effect what appeared to be outright cures in these
mice with lymphoma.

At about this same time, a 46-year-old Polish immigrant
(JD) had presented himself to the Yale infirmary, where he had
been diagnosed with lymphoma. JD was in agony. Most of his
lymph glands had swollen out of all proportion, the right
submandibular so much so that he could barely open his mouth.
Radiation and surgery had failed to sustain remission of JD’s
lymphoma, and his case seemed hopeless. It was at this time
that his physician, Dr. Gustaf Lindskog, was presented with
Goodman, Gilman, and Dougherty’s mouse data. This was
before the age of Institutional Review Boards, FDA, and all of
the other safety mechanisms of 21st century medicine, and so
JD became the first patient to be exposed to nitrogen mustard—
the first chemotherapeutic drug— in an attempt to kill the
lymphocytes that were killing him.

JD’s medical charts have recently been located— eight
decades after their recording— at an off-campus storage facility
in New Haven. 117 Although JD’s treatment had been reported
over the years in various accounts, the finding of his actual
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medical charts provided a much more accurate representation
than had previously been available. Here is the gist of what
those records revealed.

Based on dosing estimated from a quick toxicity study
performed on rabbits to guess at a maximum tolerated dose, JD
was administered intravenous nitrogen mustard for the first
time at 10:00 a.m. on August 27, 1942. With that initial dosing,
the age of cytotoxic chemotherapy had been born. After the
fifth day of treatment, Dr. Landskog noted symptomatic
improvement, and so informed Drs. Goodman and Gilman.
After the tenth day of treatment, biopsy of the affected lymph
glands showed complete absence of lymphoma cells, and JD
was able to sit up, eat, and move his head around again without
pain. It seemed like a miracle to everyone involved, especially
JD, who became the first patient ever to find relief from cancer
by systemic chemotherapy.

However, one week later, side effects began. JD’s white
blood cell and platelet counts began to decrease, his gums
began to bleed, and he had to be treated with blood
transfusions. He thus also became the first person to experience
the side effects of cytotoxic chemotherapy. By day 49, JD’s
lymphoma had returned, full blown, and nitrogen mustard this
time produced only a short-lived, partial response. JD died of
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his lymphoma on December 1st, 1942, ninety-six days after the
initiation of his cytotoxic chemotherapy. At autopsy, it was
observed that he had “erosion and hemorrhage of the buccal
mucosa, emaciation, and extreme aplasia [incomplete
development] of the bone marrow.”

Despite what we would consider a bad outcome, JD’s
treatment with nitrogen mustard was considered miraculous by
both the scientific community and the general public because
up to that point, nothing, outside of the short-lived effects of a
beam of radiation, had been found that could actually kill tumor
cells. Excitement was palpable in the halls of academic
medicine. If this result could be achieved in the very first
patient , imagine what might be done if treatment schedules and
doses were optimized, or if new cytotoxic drugs were created
with better killing potential. It was widely felt that JD’s
treatment was just a harbinger of much greater success to come.
Surely JD’s results could be improved upon. Perhaps this dread
disease, cancer, was curable after all.

For reasons that are hard to understand, this excitement, or
at least this strategy of tinkering to make cytotoxic drugs work
better, has continued unabated in the face of decades of
contrary evidence; with very little in the way of improvement
in cancer patient survival. Far from being a first case that might
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be drastically improved upon, JD’s case had demonstrated the
essential limits of cytotoxic cancer chemotherapy: First, that its
toxicity makes it a balancing act to kill the tumor before killing
the patient; and second, that it is easy to kill some portion of a
tumor cell population using cytotoxic drugs, but there are
always some cells in the population that are impervious to a
particular treatment and which will grow out once their unique
characteristics have been selected for by the drug. Resistance to
chemotherapy thus occurs in virtually all cancers in human
patients treated with chemo.

Cytotoxic chemotherapy thus revealed early on that a tumor
is an evolving ecosystem, and that exposure of a tumor cell
population to a cytotoxic drug is in essence an environmental
pressure that shapes the evolution of that ecosystem. The
initiation of cytotoxic chemotherapy is thus an environmental
cataclysm for a tumor cell population; many of its members
will die, just as an asteroid impact may wipe out most forms of
life on a planet — but not all. The aftermath of a chemotherapy
protocol, just like the aftermath of an asteroid strike, creates
conditions that allow some tumor cells not only to survive, but
to thrive. Without the competition of the bulk of tumor cells
that died in the chemotherapy cataclysm, the survivors can
exploit this new environment in which some random change in



199

their constitution gave them safe passage. And the withered
bodies of fallen cancer cells provide an additional treasure trove
of additional resources for these surviving tumor cells to utilize.
In pediatric acute lymphocytic leukemia, for example, the
disease that most of the children that I worked with at the
Children’s Hospital of Los Angeles had, there are typically
about 100 billion cancer cells present in the child’s body when
he or she is first brought to the clinic. After chemotherapy that
destroys 99.9% of those cancer cells, there still remain 100
million resistant survivors . The most troubling aspect of these
survivor cells is that they have proven themselves to be
extremely fit to survive cytotoxic chemotherapy. And they are
not finished evolving. The same genetic and epigenetic
diversification mechanisms that enabled them to survive initial
chemotherapy re-creates a population of cells with even more
vast potential to respond to future chemotherapy. This is the
problem that classical chemotherapy faces, whether it is used to
treat people with cancer, or dogs.

How far have we gotten since the first use of chemo in JD?
Even today, progression-free survival in non-Hodgkins
lymphoma, the kind of lymphoma that JD presumably had and
one of the most treatable cancers there is, remains a
disappointing 11 months, even with heavy chemotherapy
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followed by bone marrow transplantation. And nitrogen
mustard-based drugs remain a mainstay of cancer treatment,
with tinkering to improve them, however slightly, still going
on. 118

The chaos of chemo: If only the initial
conditions had been different
Most of you will have heard of the mathematical theory known
as chaos— if nowhere else, then at least from Dr. Ian
Malcolm’s flirtatious description of it in Jurassic Park . Just
before the giant, plant-eating dinosaurs appeared, Dr. Malcolm
described chaos theory as “sensitive dependence upon initial
conditions,” and demonstrated the phenomenon to Dr. Ellie
Sattler by showing her how successive beads of moisture that
he deposited on the back of her hand would traverse different
descending paths depending upon the tiny, random
“imperfections” in her skin at the site where he dropped it. To
translate this idea of the sensitivity of outcomes to initial
conditions to our discussion, if mustard gas had not been used
in the trench warfare on the Western front in WWI, Goodman
and Gilman would never have gotten their grant to study its
effects in their laboratory, and would never have been able to
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induce the transient remission in JD that would lead, decades
later, to the dismal outcome depicted in the figure above
showing cancer patient survival. The use of mustard gas on the
battlefield was the “initial condition” to which cancer research
responded in such a sensitive a manner, causing it to proceed in
an entirely different direction than might otherwise have
naturally evolved.

What alternative direction might have
evolved if vesicant war gas had never been
deployed on the battlefields of the Western
Front?
At this same time, evolutionary theory was undergoing a
complete renaissance, attempting to uncover the physiological
underpinnings of speciation. 119 Also at this same time, a study
was published in Cancer Research demonstrating that in 5,365
necropsies of mammals and birds at the Philadelphia Zoo, the
overall lifetime risk of cancer was 2%, 120 more than an order of
magnitude lower than that which was being observed in
humans. Given that the scientific literature was a tiny fraction
of the size it is today, it is extremely likely that scientists
funded in evolutionary theory would have seen this work, and
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vice versa , and begun to fit the pieces together, as I did an
untimely eight decades later. But research thrives where the
funding is directed, and after Goodman and Gilman reported
their work, virtually all of the funding in medial biology was
directed toward cytotoxic chemotherapy. Virtually no funding
went toward investigating the connection between evolutionary
biology and cancer suggested by the work of the scientists at
the Philadelphia Zoo. This was a tragedy of immense
proportions.

Canine oncology is the use of cancer drugs
discovered in mice, and developed in
humans, for use in dogs. After what you have
read in this book, does this still make sense
to you?
In the very first chapter, I noted that there are 3 1/2 times more
dogs with cancer than there are people with cancer in the
United States. The business opportunity that this represents to
veterinary oncologists should be obvious. We love our dogs,
and will do just about anything that we can for them. A recent
study discovered that dog owners experiencing hard times will
often go without medical treatment for themselves, so that they
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can afford medical treatment for their dogs. While that may be
going overboard (even in passenger jets the stewardess reminds
you to put your own oxygen mask on first, so that you will be
conscious to help your child with theirs), it demonstrates that
veterinary oncology is just about the most-recession-proof
business that there is. In saying this, I am not saying anything
whatsoever negative about veterinary oncologists. I know a lot
of them as friends, and I count them as some of the finest
human beings on the planet. They truly do want to help their
patients. Their hearts are clearly in the right place, and they
can’t be faulted for wanting to make a good living doing what
they were trained to do—using the knowledge imparted to them
during that training. The problem is… well, after reading this
book, you know what the problem is. Almost all of the drugs
used to treat canine cancer were discovered in mice, and
developed in humans— making them doubly removed from
relevancy to canine cancer. And some of the most commonly
employed human cancer drugs used to treat canine cancer are
the very same class of nitrogen mustard drugs that JD was
treated with eight decades ago! An example is
cyclophosphamide, the C in the famous CHOP protocol used to
treat human and canine lymphoma. Almost every dog with
lymphoma is treated with the CHOP protocol, with results that
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more or less mimic those that JD got. In another common
protocol used in dogs with lymphoma that has relapsed during
CHOP treatment, a different regimen is turned to that is
distinguished primarily by the use of a different nitrogen
mustard, aptly named Mustargen . 121 Knowing the history of
these drugs, I almost expect to see on their labels directions for
us to fix bayonets and put our gas masks on. This is not to say
that you will not see an effect in your dog with lymphoma
treated with the CHOP protocol. You probably will. Two out of
three dogs with lymphoma will undergo remission with CHOP-
based protocols. 122 But like JD, most will die within a few
months, and very few will live another year. It seems a
reasonable question to ask, is this a reasonable course of
action?

So although the hearts of veterinary oncologists are in the
right place, I disagree with their protocols. The rationale for
using drugs discovered to treat cancer in mice , and developed
as drugs to treat cancer in humans , in order to treat cancer in
dogs just doesn’t make any sense to me in light of the lex
naturalis . The problem is, I have only just published the major
work on the lex naturalis , 123 so most veterinary oncologists
remain unaware of it. And even in those publications, the focus
is on human cancer. The best place for them to learn about the
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application of the lex naturalis to canine cancer is this book;
and even fewer will have read it. (Hint: You could buy your
veterinarian a copy.)

There are a few drugs that have been designed specifically
for dogs, such as Palladia, and two monoclonal antibodies for
leukemia, and a few others which I will briefly note, but
because big pharma companies can charge $1,000 per day for
cancer drugs used in the treatment of humans, and only a tiny
fraction of that for canine cancer drugs, big pharma R&D
projects to develop new cancer drugs in and for dogs are
virtually non-existent.

I noted that Palladia (a Zoetis\Pfizer drug) was developed
specifically for dogs. It is a small molecule inhibitor of a type
of enzyme called a tyrosine kinase, and it is approved by the
FDA for the treatment of canine mast cell tumors (MCT). The
tyrosine kinase that Palladia inhibits is known as KIT, which is
over-expressed or mutated to a hyper-active form in canine
mast cell tumors, as well as some other tumors in both dogs and
humans. In a multi-center study of Palladia for recurrent or
inoperable mast cell tumors in dogs, the percentage of complete
responses (tumors undergoing complete regression) during the
double blind portion of the trial was 8.1% (n = 86, with 7
complete responders). 124 And as in JD’s lymphoma, such
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remissions were short-lived. Among all responders in the study,
the median duration of objective response was just 12 weeks,
and the median time to tumor progression was just 18 weeks. In
an attempt to increase the response rate, a recent study
combined Palladia with an alkylating agent, lomustine, that has
also shown some limited activity in canine MCT. Although this
combination therapy did increase the objective response rate,
severe toxicity occurred in all treated dogs, killing several, and
the study had to be discontinued. 125 Zoetis is attempting to
extend the use of Palladia to a variety of solid tumors in dogs,
but the results have so far been disappointing. 126

Another drug that was developed for dogs with lymphoma
is Tanovea. It has been conditionally approved by the FDA for
the treatment of canine lymphoma that has relapsed after CHOP
treatment, and has been shown to add a few additional months
to the affected dog’s life. 127 In a study of relapsing B cell
lymphoma, Tanovea produced CRs in 45% of treated dogs, and
median progression-free intervals of 108, 172, and 203 days for
all dogs, all responders, and all complete responders,
respectively. 128

In an example of “what goes around, comes around,”
microbial therapy of cancer is also attempting a comeback, in
both humans and dogs. Thus, when I was just starting out in
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cancer research four and half decades ago at the Fels Cancer
Research Institute in Philadelphia, every young student of
cancer was taught about the famous case of Bacillus Calmette
Guerin , BCG, named after its inventors, two French
bacteriologists. Drs. Calmette and Guerin wanted to make a
vaccine to fight tuberculosis, which remains to this day the
microbial-mediated disease responsible for more deaths than
any other. Prior to World War I they were able to attenuate the
virulence of a strain of the tuberculosis virus that had been
isolated from a cow with tuberculosis. Even when WWI broke
out, the potential importance of their work was recognized by
German military surgeons during the occupation of France, and
they were given the necessary assistance to carry on their
research. However, BCG was never proven effective against
tuberculosis. Even though that fact continues to be true to this
day, because of the lack of any other vaccine that can prevent
tuberculosis, it is still recommended to be administered by the
health authorities in many countries where TB is endemic. 129

But this book is not about TB, but rather cancer. So here is
how BCG came to be related to cancer. Two papers have been
published in which the incidence of “spontaneous cures” in
human cancer were documented. One paper placed the
incidence at 1 spontaneous cure per 100,000 cancer cases, and
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the other placed it at 1 per 80,000 cases— pretty close numbers.
It was subsequently hypothesized that spontaneous cures never
occurred in cancer, but rather, what appeared to be spontaneous
cures had really been induced by infections that had stimulated
the immune system. This led to the testing of BCG inoculation
in an attempt to stimulate the patient’s immune system against
the tumor. Amazingly, such BCG treatment produced some
therapeutic effect, and it is now the mainstay of treatment of
human bladder tumors that have not invaded the muscle wall.
130 A recent study demonstrated that canine distemper virus has
oncolytic activity against canine mammary tumor cells in vitro ,
but tissue culture studies are a long way away from
demonstrating activity in an actual dog with mammary cancer.
131 Studies testing the oncolytic potential in canine tumors of a
number of other viruses has recently been reviewed. 132

Verdinexor is an oral drug that was tested in a phase II
study in dogs with various types of lymphoma. In this study, the
overall response rate was just 37% (20/54 dogs), the average
duration of response was just 18 days, and the average time to
progression of disease was just 29 days. 133

Finally, two vaccines were recently conditionally approved
with great fanfare by the U.S Department of Agriculture for the
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treatment of canine lymphoma, but did not reach their clinical
expectations, and have been discontinued. 134

Summary of Chapter 6
Chemo drugs had their origin in the mustard war gasses used on
the battlefields of WWI. The use of such toxins to kill tumors
has continued to this day, such that the armamentarium of the
oncologist, whether treating humans or dogs, consists of a
pharmacopeia of poisons. In my opinion, this fact will not go
down well with future medical historians, who a half-millenia
from now will view current practitioners of this pharmacopeia
as little better than witch doctors. But what does that make us
cancer research scientists? We were the ones who handed that
pharmacopeia to them. No, future medical historians will not
treat we cancer research scientists with much respect, and will
write endlessly about how we constructed our entire research
paradigm— the compass and sextant that we used to direct our
cancer research— over a deep chasm of ignorance. Knowing
full well that we did not even know what a species was, we
plowed forward for the better part of a century— and right up
to the present day— believing that mice with cancer provided a
valid model of humans with cancer; that cancer was the same
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disease in mice that it was in humans. And neither did we stop
there. Once we learned of the fundamental role that the p53
tumor suppressor played in mouse cancer, we proceeded to
make the completely unjustified leap in logic that it played
exactly the same role in human cancer! 135 How could we make
so many bad decisions that took us so far in the wrong
direction? So far away from the truth of what cancer is? It is
almost as if we were being punished by a higher power for the
sacrilege of using such horrific weapons as poison gas to kill
each other on the battlefield; or that we were being punished by
the power of chaos, with its sensitive dependence upon initial
conditions.

But there is absolution for our sins on the horizon. The lex
naturals teaches a new and completely different way forward
for both canine and human cancer. It demands that we finally
come to understand that only humans can provide valid models
for human cancer; that only dogs can provide valid models for
canine cancer; and that we don’t have to subject a hundred
million mice each year to the rigors of testing drugs meant to
treat humans with cancer— its hard on the mice , and it clearly
does not provide information that translates to humans, as the
paltry 7% increase in two year survival of cancer patients
obtained over the past 27 years of research shows full well.
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Above we noted what the lex naturalis demands: that the
only species in which safe and effective drugs for human cancer
can be discovered is Homo sapiens ; and that the only species
in which safe and effective drugs for canine cancer can be
discovered is Canis lupus familiaris . Before we end this
chapter it must be pointed out that the FDA demands exactly
the opposite . The FDA demands that every cancer drug must
be proven safe and effective in animals before it can proceed to
human testing— essentially securing defeat of the drug
discovery process. To me, this is very 15th century, like the
Pope of that age demanding that every ship set off to explore
poorly-charted seas with a fully paid-up Papal Imprimatur , but
without a compass, and without a sextant— compelled to trust
in the infallibility of the Papacy. We will continue to be lost at
sea if the FDA does not radically change its position. If the
FDA refuses to permit us the assistance of the compass and
sextant provided by the lex naturalis , at some point it will
become responsible for the cancer holocaust that is already
upon us— a cancer holocaust that is clearly going to intensify .

(In the actual written regulations of FDA, only safety studies
are required prior to human clinical trials. But there remains
an unwritten requirement for efficacy studies in animals, and I
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am unaware of any drug having been approved without prior
demonstration of efficacy in an animal model. I myself have
taken two drugs into FDA human clinical trials, and in each
case it was made very clear in pre-clinical discussions with
FDA that such demonstration of efficacy was required. With
one of these drugs, a RASON for human asthma, the agency
“suggested” that pre-clinical efficacy be demonstrated in
primates. This “suggestion” was complied with at great
expense. It may be an unwritten rule that efficacy, too, be
demonstrated in an animal model before human clinical trials
can begin, but it is a rather stringent unwritten rule.)
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7

The Kill Switch is a Rational
Alternative to Chemo

“Our species needs, and deserves, a citizenry with
minds wide awake and a basic understanding of how the
world works”

Carl Sagan

The kill switch alternative was discovered in
dogs, not mice
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Let me start by saying that we discovered the kill switch
alternative in dogs, and that it does not even work in mice,
because mice do not have any semblance of the kill switch
mechanism— they have vanishingly low levels of circulating
DHEAS. This, in itself, is a powerful demonstration of the lex
naturalis lesson that, because of species-specific mechanisms
of tumor suppression, one vertebrate species cannot be used to
create a model system with which to study cancer in another
vertebrate species. If the world was upside down, and we had
been using dogs to discover new drugs to treat cancer in mice,
we would have thought we had discovered a great drug in our
kill switch activation studies— a drug that produces apparent
cures in some dogs with very lethal cancers— only to have
clinical trials in mice fail. There appear to be only two lineages
that possess kill switch tumor suppression mechanisms based
on circulating DHEAS— canines and primates. So, just as mice
cannot be used to discover new cancer drugs for humans (or
dogs), dogs (and humans) cannot be used to discover new
cancer drugs for mice.

The kill switch alternative is natural
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Whereas cytotoxic chemo is a pharmacopeia of poisons, kill
switch activation represents the triggering of the natural system
that evolved to suppress tumors— the same system that enabled
canines to strike up their relationship with humans. Whereas
the intent of chemo is to use a manufactured poison to block
some aspect of tumor cell biochemistry, the intent of the kill
switch approach is to trigger an integrated, highly evolved
system. Chemo is also universally thwarted by the development
of drug resistance by the tumor being treated. It would take an
entire book longer than this one to tell you about all the
different ways that have been found by which tumor cells
become resistant to virtually any drug thrown at them. In one of
my earliest projects as a young professor, I discovered that
cancer drugs themselves epigenetically modify the tumor cells
in such a way that resistance to the treatment drug occurs . 136

And there are literally thousands of additional mechanisms by
which tumor cells can escape toxicity created by any drug, or
combination of drugs. It is of course theoretically possible to
sterilize any tumor cell population using an onslaught of many
different drugs at once— but not without simultaneously killing
the patient. Above I noted how the killing of 99.9% of the cells
in a tumor cell population of 100 billion cells leaves 100
million surviving cells. Survivors occur because every tumor
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cell population has a bell-shaped curve for every aspect of cell
survival, and this creates alternative circuits by which these
survivor cells are able to bypass the circuit interrupted by the
cancer drug. And these survivors develop further clones that
have their own bell-shaped curves, and so on, creating the
heterogeneous tumor cell populations that have made both
human and canine cancer impossible to cure up to now. 137

Because the kill switch evolved naturally, and is not a
poison coming into the cell from the outside, the concept of
acquired drug resistance does not even apply to it. And as we
shall discuss, tumor cell populations frequently usurp elements
of the kill switch for their own use, making them exquisitely
sensitive to kill switch triggering.

The Kill Switch and the Mevalonate Pathway
In early work I did as a young medical school professor, my lab
uncovered something very important: By inhibiting G6PD and
depleting cellular NADPH, DHEA blocked the mevalonate
pathway. 138 The reason that this is so important is that cancer
cells— including the singularity, that first cancer cell that will
go on to create a tumor—are completely dependent upon a
mevalonate pathway that is in overdrive. Normal cells respond
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very differently to mevalonate pathway inhibition than
malignant cells do. Normal cells slow down gracefully, even to
a stop, according to evolved mechanisms. Malignant cells, on
the other hand, cannot slow down gracefully— they trip all
over themselves, unable to follow the evolved mechanisms that
they have been ignoring as an element of their malignant
behavior. Because cancer cells divide more rapidly than normal
cells do, they create a lot more ROS that must be detoxified—
and so need a lot more NADPH and selenoprotein firemen—
and they need a lot more cholesterol to create the lipids that are
used to construct cell membranes, as well as a hundred other
functions that tumor cells need to conduct to survive. The
mevalonate pathway is a treasure trove for the cancer cell,
responsible for everything from the animation of selenoprotein
firemen and the filling of their fire hydrants, to the synthesis of
cholesterol. Capturing control of the mevalonate pathway is
thus one of the most important goals of cancer cells. This is
probably also why it is also the target of the kill switch tumor
suppression mechanisms that evolved in both dogs and humans.
To accomplish the extinguishing of the singularity while it is
still in the single cell stage, evolution has set up the mevalonate
pathway to be exquisitely sensitive to intracellular NADPH
concentrations. Our discovery that even well-developed canine
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tumors are still able to respond to kill switch triggering is, in
my opinion, the most important finding ever made in canine
cancer. Because it has direct application to human cancer, it is
the most important finding ever made in cancer. Period . That
might sound like an arrogant thing to say, but I don’t mean it to
be. When your entire species, and that of your best friend, are
headed toward a cliff in the dark, and you discover a flashlight,
that is not the time for speaking softly, or to mince your words.

Let’s dissect the mevalonate pathway
HMG CoA reductase is the first, and rate-limiting enzyme of
the mevalonate pathway. It is the enzyme responsible for
converting HMG CoA to mevalonate, and it is a unique enzyme
in intermediary metabolism in that it requires two mols of
NADPH for each mol of mevalonate product produced. This
two-for-one dependence makes HMG CoA reductase
ultrasensitive to intracellular NADPH concentrations— a
perfect dependency to incorporate into a kill switch system that
targets G6PD, the primary source of intracellular NADPH. The
depletion of selenoprotein firemen and the emptying of
NADPH fire hydrants caused by DHEA-mediated interruption
of NADPH synthesis, and the inhibition of the mevalonate
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pathway that this causes, is a critical component of both the
canine and the human kill switch tumor suppression
mechanisms. And cancer cells of both species have additional
needs that can only be satisfied by a hyper-functioning
mevalonate pathway, and that can therefore also be blocked by
DHEA-mediated kill switch activation.
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Figure 7.1 The mevalonate pathway is a key participant in the
kill switch tumor suppression mechanism because it is

exquisitely sensitive to intracellular concentrations of NADPH,
which are primarily regulated by G6PD. In dogs, some tumors
can be successfully treated by G6PD inhibition. Dolichol is an

intermediate used in the N-glycosylation of proteins.

Isoprenylation of oncoproteins
Some oncoproteins (products of oncogenes) prominent in both
human and canine cancer, such as RAS, 139 Migration and
Invasion Enhancer 1 (MIEN1), 140 and Rab11b 141 require a
modification called isoprenylation in order for them to be
targeted to the membranes where they exert their biological
action. In the earlier work from my laboratory cited above, we
demonstrated that depleting intracellular mevalonate by using
DHEA to inhibit G6PD blocked such oncoproteins from
becoming isoprenylated, thereby preventing them from
reaching their membrane site of action. Unable to reach their
site of action, these oncoproteins are unable to express their
oncoprotein function.
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RAS, an example of an isoprenylated protein
with a critical role in cancer
Whereas p53 is the most frequently mutated gene in cancer,
RAS is the most frequently mutated oncogene in cancer. As I
noted above, RAS must reach the inner surface of the plasma
membrane of the cell in order for it to be active, and it must be
isoprenylated in order for it to reach its membrane site of
action. By embedding itself in the plasma membrane, RAS
places itself in direct proximity to its accessory proteins—
amounting to a 5,000 fold increase in its effective
concentration. RAS becomes an oncoprotein by undergoing
mutation at specific sites in its gene which switch its protein
form to a permanently “active” state. Such RAS mutations are
very frequent in both human and canine tumors. 142 Most
research, of course, has been carried out in human cancer,
where RAS mutations have been found in 91% of pancreatic
tumors, 42% of colon tumors, 33% of lung tumors, and at rates
ranging from 6% to 22% in a variety of other tumors such as
those of the endometrium, cervix, bile duct, and stomach. 143

Similar numbers probably apply to canine cancer, although,
again, canine cancer is less well-studied. Our research shows
that activation of the kill switch will block RAS from being
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isoprenylated, making it impossible for it to reach its membrane
cite of action. 144

RAS is thus a target of the kill switch that evolved in
humans and dogs. It is again astonishing to me that activation
of the kill switch has such wide ranging effects, naturally
inhibiting many of the oncoproteins known to be involved in
cancer. While chemo attempts to poison them one-by-one,
using multiple drugs with multiple toxicities, kill switch
activation triggers the natural tumor suppression mechanism
that evolved in dogs and humans, simultaneously inhibiting an
array of oncogenic targets.

Let’s look at a few of the others.

N-Glycosylation
Another mevalonate-dependent pathway important to cancer
cells is called N-glycosylation, which is the attachment of a
Christmas tree-like chain of sugars (glucose, mannose,
galactose, sialic acid, etc.) to nitrogen (N) molecules in specific
asparagine amino acids in a target protein. The critical first step
in this process originates with dolichol, 145 another product of
the mevalonate pathway (see figure above). Dolichol organizes
the sugars into a row, and then functions as a membrane anchor
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in the process of transferring the sugar chain to the target
protein. Dolichol-mediated N-glycosylation has a variety of
functions, such as enabling proper folding of proteins into their
correct 3-dimensional shape, and protein stability. Blocking the
N-glycosylation of proteins involved in cancer would thus
produce unstable, misfolded and therefore inactive proteins. By
inhibiting the mevalonate pathway, kill switch activation
depletes tumor cell dolichol, preventing the process of N-
glycosylation.

Some examples of oncoproteins requiring N-
glycosylation to be active

Epithelial Cell Adhesion Molecule (EpCAM)
EpCam is an N-glycosylated transmembrane protein that is
overexpressed in virtually all epithelial tumors (carcinomas),
such as cancers of the mammary gland , lung , colon, pancreas,
bladder, skin, etc. 146 This transmembrane protein is believed to
be heavily involved in invasion and metastasis, and in a process
known as epithelial to mesenchymal transition (EMT). 147

Epithelial cells are normally polarized, with their “bottom”
(basal) surface attached to the basement membrane, and their



225

“top” (apical) surface interacting with the environment— e.g.,
respiratory epithelial cells with the atmosphere, intestinal
epithelial cells with the contents of the gut, and so on. When
they undergo EMT, all of this changes. Mesenchymal cells are
more primitive, and in fact play a prominent role in cell
movement during embryogenesis. For example, the cells that
will eventually become the cornea of the eye have to move
during embryogenesis— i.e., invade and migrate— to their
final position relatively far from their starting point. 148 EMT
also plays a critical role in the repair of epithelial tissues such
as the lung, colon, and others. 149 As one of my mentors, Sidney
Weinhouse, used to say, this shows that the primary elements of
invasion and metastasis are normal processes when they occur
at the proper time and in the proper place. It is only when they
are usurped by the cancer cell that these normal processes
become primary mediators of the malignant state.

During EMT in the progression of malignancy, transformed
epithelial cells adopt the migratory mesenchymal lifestyle,
detach from the basement membrane, invade adjoining tissue,
with some eventually reaching blood vessels, which they also
invade, and then enter the bloodstream as single tumor cells or
sometimes in groups. Tumor cells that have entered the
bloodstream can circulate for years, but some, as a function of
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the pressurized pumping in closed circulatory systems, lodge in
other tissues where the diameter of the blood vessels has
become too narrow for further progress. At this point,
continuing to use their mesenchymal tool kit, they invade the
new tissue where they have landed— the process of metastasis.
In a final display of tumor cell plasticity, they then frequently
revert back to the epithelial state, so-called mesenchymal to
epithelial transition (MET ), which will often give them a better
chance to survive when they have metastasized to an epithelial
tissue such as the lung.

The ability of EpCAM to drive EMT is dependent upon
EpCAM being N-glycosylated. 150 Since metastases (rather than
the primary tumor) are what generally kill the canine or human
cancer patient, preventing EMT is a highly sought after clinical
effect. 151 A recent study in human breast cancer cells has
shown that inhibiting EpCAM prevents EMT, thereby
inhibiting the processes of invasion and metastasis. 152

Remembering the importance of RAS oncoprotein expression
in many canine and human tumors, active, N-glycosylated
EpCAM has been shown to be required for RAS to exert its
oncogenic function, particularly in breast cancer, linking these
oncogenic pathways together. 153 Again, it is truly remarkable
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how the kill switch targets the same oncoproteins that it took
more than 50 years of cancer research to identify.

Insulin Like Growth Factor Receptor 1
(IGF1R)
We discussed the important role that the Insulin-like Growth
Factor 1 (IGF1), and the receptor (IGF1R) by which it mediates
its effects, play in body size by stimulating bone growth ,
essentially acting as the primary effector molecules of Growth
Hormone (GH). IGF1R, which requires N-glycosylation to be
active, is involved in the progression of most tumors— both
human and canine. This has made it, too, an important target of
anticancer synthetic chemists. 154 And there’s more to this story.
Although we have been primarily discussing activation of the
kill switch specifically in cancer cells, there are also systemic
effects of the kill switch alternative to chemo. Thus, while
inhibition of IGF1R in tumor cells inhibits their growth,
inhibition of IGF1R in the T lymphocytes known as Natural
Killer (NK) cells dramatically activates NK cell multiplication
and tumor cytotoxicity. 155 NK cells are a primary component
of the innate immune response against cancer. It is thus of
profound interest that inhibition of N-glycosylation of IGF1R
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has opposite effects in these different cell types, blocking cell
division in tumor cells, while activating cell division in the NK
cells tasked with killing those tumor cells. Below we will
discuss evidence that we have seen such systemic NK cell
activation in some of the dogs treated with high dose DHEA to
trigger the kill switch in their tumors.

Another important point to consider is that IGF1R, which is
also embedded in the cell membrane, is, like EpCAM, a major
activator of RAS , the isoprenylated protein heavily involved in
cancer that we discussed above. So, the isoprenylation of RAS,
and the N-glycosylation of IGF-1R and EpCAM required for
these proteins to activate RAS, are all simultaneously inhibited
by kill switch activation . By depleting intracellular NADPH
and inhibiting the mevalonate pathway, kill switch activation
simultaneously and naturally inhibits many of the pathways that
are the targets of chemo efforts— although with chemo the
process is one target at a time, and in a very unnatural manner.

(A brief aside)

IGF1/IGF1R and body size
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As noted previously, a polymorphism near the IGF-1 gene is
common to all small breeds of dogs, and absent from giant
breeds. 156 This suggests that the IGF-1/IGF-1R system is a
major determinant of body size across the incredible range of
body sizes that characterize our modern breeds of dogs; that is,
humans inadvertently selected for the presence or absence of
this IGF-1 polymorphism during our selection of dogs for size.
It also produces an interesting hypothesis: Since IGF-1R
requires N-glycosylation to be active, and N-glycosylation
requires dolichol, formed in the mevalonate pathway, could we
miniaturize our giant breeds of dogs by inhibiting IGF-1R
function with DHEA throughout their growth phase? We
already know from the fact that Karma produced healthy
puppies while on high dose DHEA, that such a protocol appears
to be safe. This may be a shortcut to reducing size in our
beloved giant dog breeds, which should decrease their lifetime
risk of cancer, R, and increase their lifespan, Li, as we
discussed in the previous chapter. I have added the testing of
this hypothesis to my already overfull to do list.

(Back to the main story)

Cholesterol and the kill switch
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Tumor cells also have a much greater need for cholesterol than
normal cells, because cancer cells generally divide more rapidly
than normal cells do, and cholesterol is used to make the lipids
and fats that are major components of the cell membrane. There
exists a wide array of studies linking cholesterol levels to
cancer in humans. If you are interested in reading about this
further, I recommend the excellent review of Kuzu et al . 157

Here we will limit ourselves to a few particular topics of
relevance to kill switch function.

The SQLE gene encodes squalene epoxidase, a c ritical
enzyme in cholesterol synthesis that has recently been elevated
to the status of a bona fide oncogene. For example, in a study of
22 different types of human cancer, comprising 8783 different
cases, a large and significant increase in the expression or copy
number of SQLE was observed in breast, ovarian and colorectal
tumors, with rates as high as 76% of cases (ovarian). 158 By
inhibiting the mevalonate pathway by blocking its source of
NADPH, kill switch activation inhibits this important mediator
of the malignant phenotype too.

Massive sequencing studies are showing that many of the
enzymes being identified as oncoproteins, and therefore also
being selected as new drug targets, are already targeted
naturally by the kill switch. The overwhelming majority of this
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new research is in human cancer, and shows just how deeply
the kill switch mechanism is embedded into human cells. The
question thus remains, how completely is it embedded in canine
cells? Judging from the results in Karma and many other dogs
in our research program, it appears to be very well embedded
indeed.

Ubiquinone
You may have noticed that we covered all of the end products
of the mevalonate pathway in the figure above, except one:
Ubiquinone. Ubiquinone is a lipoidal derivative of this pathway
that has long been known to play a key role in the generation of
the energy molecule ATP in mitochondria, a process called
oxidative phosphorylation, or OxPhos for short. But
Ubiquinone is also found in the outer membrane of the cell, as
well. Ubiquinone is well known to be important in heart
function, which requires a lot of ATP. Early on in my research I
discovered that treatment with DHEA depletes intracellular
ubiquinone, and even obtained a patent on ubiquinone
supplementation to offset the negative effects of any agent that
inhibited the mevalonate pathway. I was also aware of studies
in which patients waiting for heart transplants due to end stage
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heart failure experienced dramatic clinical benefit by treatment
with ubiquinone. 159 Clearly, ubiquinone seemed like something
that should be added to the kill switch protocol, to prevent its
depletion.

Ferroptosis
You will recall that while we saw remarkable results with our
kill switch activation protocol in a wide array of canine tumor
types, there were a few in which responses were short-lived,
such as lymphoma, and osteosarcoma, or non-existent, such as
oral fibrosarcoma and oral melanoma. I now believe that some
of these treatment failures may have been caused by the
addition of ubiquinone to their treatment regimens. Thus, one
particular selenoprotein fireman, GPX4—glutathione
peroxidase 4— specializes in the extinguishing of a particular
kind of intracellular fire caused by a particular family of lipid-
damaging ROS. These lipid-damaging ROS (lipid peroxides)
are created in the presence of iron, in a process called the
Fenton Reaction. In 2012, Brent Stockwell and his colleagues
at Columbia University demonstrated that the destruction of
membranes by these iron-generated, lipid-damaging ROS
constituted a distinct form of regulated cell death, and gave it
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the name ferroptosis (from the Latin, ferrum , iron, and
apoptosis , “to fall off,” as in a leaf from a tree, when the leaf is
dead.) 160 Since the selenoprotein firemen depend upon an
active mevalonate pathway, I realized that ferroptosis was a
major part of kill switch function.

Ubiquinone is well known to have antioxidant properties—
to act as a flame retardant— particularly in its reduced form,
ubiquinol. I realized that by adding ubiquinone to my kill
switch protocol, I was inhibiting the kill switch from
functioning— ubiquinone was rescuing tumor cells from
ferroptosis by extinguishing ROS. So, at this point in my
research, I discontinued all use of ubiquinone in the kill switch
protocol in dogs with cancer. 161

It has recently been shown that I was correct to do so. Thus,
two separate groups demonstrated that ubiquinone participates
in ferroptosis in a completely separate pathway that is parallel
to that which is manned by the GPX4 selenoprotein firemen.
These groups discovered that a protein called FSP1 (Ferroptosis
Suppressor Protein 1) participates with ubiquinone in the
detoxification of lipid-damaging ROS in the cellular
membrane. 162 In this newly described process, FSP1, using
NADPH, reduces ubiquinone to ubiquinol in cellular
membranes. Ubiquinol converts lipid peroxides into non-toxic
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lipid alcohols, inhibiting ferroptosis , and preserving cellular
membranes. By adding ubiquinone in our original protocol, we
may have been derailing the ferroptosis by which the kill
switch derives much of its cancer killing ability, by providing
so much ubiquinone that it acted as a sink for the NADPH
remaining in the cell, allowing FSP1 to extinguish lipid
peroxides.
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Figure 7.2 Cells are dependent upon both selenoprotein firemen
(and their NADPH-filled fire hydrants), and the FSP1-mediated
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regeneration of reduced ubiquinone (ubiquinol) to combat ROS.
This requires G6PD to produce prodigious amounts of NADPH
for selenoprotein synthesis. Active p53 prevents DHEAS from

being imported into the cell.

As we noted previously, G6PD is the NADPH factory that
brings the cell’s selenoprotein firemen to life, and keeps their
fire hydrants full of NADPH.
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Figure 7.3 G6PD is the factory where NADPH is produced,
which is then used to animate the selenoprotein firemen of the
cell, and to fill their fire hydrants with NADPH. This is how

cells maintain ROS at low enough levels to prevent them from
burning down the cell.
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Activating the kill switch by administering high-dose DHEA
thus causes cells to self immolate by broadly shutting down the
mevalonate pathway, inducing ROS-mediated and ferroptosis-
mediated cell death.
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Figure 7.4 Kill switch activation by administration of high dose
DHEA rapidly deprives the cell of selenoprotein firemen,
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empties their fire hydrants, depletes the cell of ubiquinone, and
prevents FSP1 from countering ferroptosis.

Figure 7.5 Tumor cells have an enhanced dependence upon
selenoprotein firemen because of their high metabolism and

consequent production of excessive ROS. In such tumor cells,



241

inhibition of selenoprotein synthesis using DHEA can lead to
their ROS-induced destruction.

Unlike DHEAS, which requires transport across cell
membranes, DHEA is lipophilic and therefore crosses through
cell membranes freely. Once inside the cell DHEA shuts down
the G6PD factory. The resulting depletion of intracellular
NADPH makes the cell’s selenoprotein firemen disappear, and
empties their fire hydrants. This results in ROS-induced
immolation of the cell, particulalry in tumor cells that have an
amplified need for selenoprotein firemen due to their enhanced
production of ROS compared to normal cells.

Some tumors are rendered ultra-sensitive to
kill switch activation by the mutations that
cause them

Alternative sources of NADPH and
sensitivity to kill switch activation
In the interest of presenting a clear story, we have emphasized
that G6PD produces most of the NADPH required to maintain
selenoprotein firemen, to keep their fire hydrants full, and to
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provide the NADPH required by the FSP1 protein to reduce
ubiquinone to ubiquinol, and thereby prevent iron-induced ROS
from activating the death program called ferroptosis. But now it
is time to provide a more detailed picture of NADPH
production in the cell, because that detailed picture reveals
additional opportunities to activate the kill switch.

It remains true in this more detailed picture that G6PD is
responsible for the vast majority of NADPH produced in the
cell, and used for ROS control. But two additional enzymes,
one called malic enzyme (ME) and one called Isocitrate
Dehydrogenase (IDH) produce smaller amounts of NADPH.
DHEA does not inhibit these enzymes that constitute an
additional source of NADPH, but as we shall see, they still can
figure prominently in treatment strategies for certain tumors.
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Figure 7.6 Although G6PD provides the lion’s share of NADPH
for ROS detoxification, IDH and ME contribute lesser amounts.
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Let’s discuss one by one these alternative sources of NADPH,
and what inactivating mutations in their genes does to kill
switch sensitivity.

Malic enzyme (ME) and the kill switch
ME is primarily found in mitochondria, the energy factories of
the cell where the high energy molecule ATP is manufactured.
In mitochondria, there are two forms of ME— ME2 and ME3
— and both contribute to detoxification of ROS in
mitochondria by producing NADPH. 163 Loss of one of these
ME enzymes is not lethal to mitochondria, as long as the
second is producing NADPH. Pancreatic cancer, and gastric
cancer, in humans are frequently associated with deletions of a
tumor suppressor called SMAD4, and since ME2 is adjacent to
SMAD4 on the human chromosome, it is lost along with
SMAD4 . This has been shown to make pancreatic tumor cells
exquisitely sensitive to interference with the remaining malic
enzyme, ME3; i.e., they cannot tolerate any further diminution
in NADPH. 164 Other human cancer types, such as head and
neck carcinomas, and colon cancer, also appear to be driven by
SMAD4 deletion. 165 Well, if such tumors with ME2 deleted are
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sensitive to inhibition of ME3, imagine how much more
sensitive they would be to G6PD inhibition.

While the focus of other labs has been to create ME3
inhibitors for use in ME2-deleted cancers, you are probably not
surprised by now to hear that we are taking a different
approach, triggering the kill switch. Considering the lethality of
pancreatic cancer, this could turn out to be extremely relevant
for both humans and canines with ME2-deleted tumors.

IDH and the kill switch
IDH actually comes in two isoforms, called IDH 1 and IDH 2.
A primary purpose of IDH enzymes is the production of alpha
ketoglutarate (αKG), which is a critical cofactor in the process
of DNA de-methylation, a function that is performed by the
TET family of enzymes. As you will recall from our earlier
discussion, DNA methylation occurs at specific CpG
dinucleotides, resulting in the 5-carbon of the cytosine being
methylated, producing 5mCpG. In general, methylated genes
are transcriptionally inactive (they produce no mRNA, and
therefore no protein), while unmethylated genes are
transcriptionally active. The evolution of TET enzymes enabled
DNA methylation to be a dynamic process: where and when
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necessary, TET can reactivate silent genes by de-methylating
them. Also, TET continuously “prunes” methylated cytosines,
maintaining the proper over-all methylated state of CpGs in a
genome. Without TET, the number of methylated CpGs would
rapidly rise, creating a hyper-methylated genome that would
have lots of genes aberrantly silenced.

An array of human tumors appear to be caused by specific
mutations in the IDH gene, including gliomas, acute myeloid
leukemia, cholangiocarcinoma, thyroid tumors, and
chondrosarcoma. 166 The mutant IDH enzymes— both IDH1
and IDH2— act in a completely opposite fashion, creating a
completely different product than their normal, wild type
versions. Instead of producing αKG, they begin manufacturing
an oncometabolite called D-2-hydroxyglutarate (D2HG), which
is believed to cause tumors to form in tissues where these IDH
mutations occur. Loss of αKG has significant consequences.
Since TET is a de-methylase, its inhibition by loss of its αKG
co-factor in IDH-mutant tumors results in genome wide DNA
hyper-methylation. Cancer biologists quickly learned that the
hypermethylation-mediated inactivation of the Methyl Guanine
Methyl Transferase (MGMT) gene had therapeutic value.
MGMT is a “suicide” enzyme that removes the most toxic
lesion caused by alkylating agents (O6-methylguanine) by
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attaching the lesion to itself, leaving the guanine base in its
natural form. Since MGMT expression in tumors creates drug
resistance to alkylating agents (such as the nitrogen mustard
that JD received), a standard approach to the treatment of some
human tumors caused by IDH mutation, such as the brain
tumors known as gliomas, is to take advantage of hyper-
methylation-mediated inactivation of MDMT by treating with
the alkylating agent Temozolomide. This has been shown to
prolong life in such glioma patients with hyper-methylated
MGMT, albeit briefly. 167 Gliomas in their variety of
histological subtypes remain a particularly deadly form of
cancer. 168

There are several anticancer drugs in clinical trials which
specifically target mutant IDH1 and IDH2 enzymes, in an
attempt to inhibit them. 169 We are employing a completely
different approach in both human and canine tumors with IDH
mutations— a sort of judo throw in which we use the effects of
the IDH mutations against the tumor, rather than try to block
them. Our approach is based upon the fact that mutant IDH
enzymes not only produce D2HG instead of αKG, but in their
production of D2HG, they use rather than produce NADPH .
Mutant IDH thus acts as a sink for NADPH, lowering
intracellular concentrations of NADPH selectively in tumor
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cells , and thereby lowering the threshold required at which any
further decrease in NADPH will enable ROS to burn the cell
down. In tumor cells with such a lowered threshold for ROS
immolation, activation of the kill switch by administering high
dose DHEA can act as a “magic bullet” selectively killing
mutant cancer cells while leaving normal cells with wild type
IDH alone. This is a very active area of research in my
laboratory.

Figure 7.7 Instead of synthesizing NADPH, as normal IDH
enzymes do, mutant IDH depletes intratumor NADPH,

sensitizing them to kill switch activation.

Intracellular ROS concentrations have been shown to increase
in human cancer cells with IDH mutations. 170 While canine
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gliomas do not show the IDH mutations observed in human
gliomas, 171 my lab is determining the spectrum of canine
tumors that are caused by IDH mutations— and which may
therefore be ultrasensitive to kill switch activation.
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Figure 7.8 In normal cells, IDH produces NADPH,
contributing to selenoprotein- and FSP1-mediated ROS control.
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But in tumors driven by IDH mutations, IDH depletes , rather
than produces NADPH, making such tumors selectively

sensitive to kill switch activation by administration of DHEA.

My lab discovered that the portion of canine mast cell tumors
that protrude to the surface is unusually permeable — in the
way that the skin covering human testicles is unusually
permeable, compared to skin elsewhere on the body. We
capitalized upon this discovery by using an antisense
oligonucleotide targeting G6PD, prepared as a transdermal
formulation designed to carry the drug through the skin and
into the tumor. 172 You will remember from chapter 5 that an
antisense oligonucleotide binds to the messenger RNA of the
target gene, preventing it from making the protein that it codes
for. During my early days, I had used this approach to invent a
new class of respiratory drugs, called Respirable Antisense
Oligonucleotides, or RASONs. 173 Now I adapted it to take
advantage of the surprising absorption kinetics of the skin
overlying canine mast cell tumors.

Our strategy was to use the transdermal formulation of the
G6PD antisense oligonucleotide to deplete the mast cell tumor
of G6PD mRNA, and therefore G6PD enzyme, thereby
selectively reducing tumor NADPH, rendering it ultrasensitive
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to kill switch activation. We then triggered the kill switch using
our systemic high dose DHEA protocol. The results were
gratifying, with tumors rapidly shrinking, leaving little behind
but apparent scar tissue— and so far, this kind of response in
every treated animal . As you will read below, this is one of the
clinical programs that we are moving forward with FDA to test
in a much larger group of dogs with mast cell cancer. In view of
the fact that Palladia, the currently favored drug for canine mast
cell cancer, shows an objective, measurable response in only
about 1 out of three dogs , a complete response (complete
tumor regression) in only about 1 out of 10 of dogs , an average
time to tumor progression of only 9-10 weeks , and a substantial
risk of serious side effects, 174 we are anxious to begin our FDA
studies utilizing this variation on the kill switch protocol.

What happens when tumors usurp components of the
kill switch?

We have discussed at length the fact that the human kill switch
evolved to protect during the 25-30 year lifespans that
characterized our species for 99.95% of its existence. Tumors
are able to form as a result of kill switch failure caused by the
loss of circulating DHEAS with age. The same thing appears to
be true for dogs, who have a rudimentary form of the kill
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switch that evolved in primates. Tumors occurring in people
and dogs are thus fossils of kill switch failure — failure due to
insufficient levels of circulating DHEAS.

Because tumors represent instances of kill switch failure,
they are able to usurp kill switch components for their own use,
to enhance their growth and survival. What components of the
kill switch are useful to tumors? Let’s consider a few examples.

In contrast to DHEA, which can easily cross cellular
membranes, DHEAS requires facilitated transport across cell
membranes by specific transport proteins. Because it can easily
cross into cells, circulating DHEA must be maintained at very
low serum concentrations, orders of magnitude below its
inhibition constant for G6PD. 175 Circulating levels of DHEAS
can be extremely high because, unlike DHEA, DHEAS is
nontoxic.

In humans or dogs that have developed tumors, circulating
DHEAS was clearly not present at high enough concentrations
to trigger the kill switch and prevent the tumor. Even though
DHEAS is not present at high enough circulating levels to
trigger the kill switch in those cases, it may be high enough to
act as a precursor for dihydrotestosterone and estrogen
synthesis. This is because its metabolite, DHEA, is a precursor
for steroid hormone synthesis. In hormone responsive tumors,
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even those low circulating levels of DHEAS can drive their
growth. 176 Locally advanced or metastatic prostate cancer, for
example, is treated with androgen deprivation therapy (ADT), a
treatment that can be circumvented by circulating DHEAS. 177

While patients with such tumors generally respond well to
ADT, they invariably progress to ADP-resistant prostate cancer.
Such failure is generally attributed to intra-tumor androgen
synthesis, occurring by the import of circulating DHEAS. A
completely analogous situation occurs in breast cancer. 178 179

Let’s examine in more detail these two examples of tumor
usurpation of kill switch components.

DHEAS transport proteins and the kill switch
Circulating DHEAS is imported into tumor cells by SLCO -
encoded OATP transporters, a component of the kill switch
mechanism that would participate in the killing of tumor cells
were it not for the low levels of circulating DHEAS. Usurped
by the tumor cell, these DHEAS transport proteins can import
DHEAS into the cell, and use it to synthesize testosterone and
its derivatives which stimulate prostate cancer growth, or
estrogens that can simulate the growth of breast cancer and
other hormone-dependent cancers of the female reproductive
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system. Accordingly, inhibitors of OATP transporters are
another target of anti-cancer research. 180 We propose an
alternative approach, using high expression of OATP in certain
cancers to have DHEAS analogs selectively taken up by such
tumors.

Steroid Sulfatase and the kill switch
A variety of human cancers— both those typically known to be
endocrine-dependent, but non-endocrine cancers as well—
show high expression of STS. 181 STS is usurped and highly
expressed in many bladder cancers, for example, and in this
kind of cancer it promotes metastatic spread by inducing
Epithelial to Mesenchymal Transition (EMT). 182 Similar
findings have been found with respect to STS in prostate cancer
and cervical cancer, 183 and colon cancer. 184 In ADT-resistant
prostate cancer, residual circulating DHEAS and its metabolism
to DHEA and then to testosterone and dihydrotestosterone are a
major reason for treatment failure. 185 In human mammary
cancer, STS expression correlates with progressive disease and
cancer-related death in a highly significant manner. 186

Like OATPs, STS has become an active target for inhibitor
synthesis, in an attempt to prevent circulating DHEAS from
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contributing to tumor growth. 187 As with OATPs, we propose
an alternative strategy, using STS appropriated by tumors to
activate novel compounds to their tumoricidal forms . 188

Kill switch judo: Using kill switch
components usurped by tumors to selectively
kill them
Because DHEAS can stimulate tumor growth in hormone-
responsive tumors that have high OATP/STS expression, we
cannot simply treat such patients with DHEA or DHEAS. 189 To
solve this pharmacologic problem, my lab built upon some
early work that I participated in with colleagues while I was a
doctoral student at the Fels Cancer Research Institute in
Philadelphia. 190 These colleagues synthesized a series of
DHEA analogues in which the number 16 carbon atom of
DHEA was substituted with either fluorine or bromine. The
fluorinated derivative was given the name fluasterone, and was
subsequently studied by the National Cancer Institute as a
potential tumor preventative. 191 However, this was decades
before my discovery of the lex naturalis and the kill switch
tumor suppression phenomenon, so it was impossible for these
investigators to achieve the result they were after— first of all
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because they used mice and rats as their experimental models,
and therefore did not yet have the means to understand the
species-specific triggering of the kill switch by p53
inactivation. 192

Although fluasterone washed out in these studies (because
what it demonstrated in rodents was meaningless), it
nevertheless was an exceedingly interesting molecule. This is
because it has the important feature that, unlike DHEA, it
cannot be used as a precursor for steroid hormone synthesis,
and is also about 30-fold more potent than DHEA as an
uncompetitive inhibitor of G6PD. 193

I realized that I might be able to utilize these properties of
fluasterone if I modified it in a way that it had never been
modified before— by sulfating it to make it an analog of
DHEAS. A Mr. Hyde to Dr. Jekyl transformation, since sulfated
steroids cannot enter cells without transport, and are therefore
non-toxic. My lab thus produced fluasterone sulfate, a
compound with the potential to be selectively taken up by
tumors hyper-expressing OATP transport proteins. Here is the
structure of this new compound.
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Figure 7.9 Fluasterone sulfate

We have proposed a series of clinical studies to the National
Cancer Institute to deploy fluasterone sulfate in canine tumors
that highly express one or more of the DHEAS transport
proteins, and STS. Our rationale for these studies is that
fluasterone sulfate will be selectively taken up by such canine
tumors (because of high expression of OATPs), and then
selectively metabolized to highly toxic fluasterone (because of
high STS), triggering the kill switch in a much more selective
and meaningful fashion than was possible with the initial NCI
studies on fluasterone in rats. A successful study in canine
tumors would encourage moving on to the large number of now
deadly human tumors that do also.
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Sugar metabolism and the kill switch
Foods are broken down by digestion into their constitutive
components, one of which is the simple sugar glucose.
Glycolysis is the fist step in extracting energy from glucose,
and shares Glucose-6-phosphate (G6P) with the Pentose
Phosphate Pathway (PPP) so that G6PD can produce the
NADPH required to prevent ROS-mediated ferroptosis. Tumors
have a particular need for glucose to fuel both glycolysis and
the PPP, and glucose transport proteins are almost always
extremely highly expressed in the cells of malignant tumors. 194

This, of course, has inspired synthetic chemists targeting cancer
to develop an array of inhibitors of glucose transport. 195 But we
have discovered an entirely different, kill switch-derived
approach. There is a little history behind this.

In 1969 an enterprising group of Czech chemists working in
Prague— Josef Pacak, Zdenek Tocik and Miloslav Cerny—
synthesized an analog of glucose called Fluorodeoxyglucose
(FDG), creating a molecule that was rapidly metabolized to
FDG6P, an analogue of G6P, but which, because of the attached
fluorine, gummed up the works of the machinery of glycolysis
and the PPP; that is, it would bind to the enzymes of these
pathways as a substrate, but could only slowly (or not al all) be
metabolized to product. 196 Furthermore, because of the highly
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charged fluorine moiety it contained, it could not pass through
the cell membrane. Scientists at the Brookhaven National
Laboratory, who were looking for ways to use the laboratory’s
cyclotron— an instrument that can be used to make radioactive
isotopes— to create new imaging techniques. These scientists
created 18F-FDG, a radioactive molecule that, like glucose,
was metabolized by hexokinase to 18F-FDG6P, which then
accumulated in cells that had a high requirement for glucose—
such as tumor cells. 197 This isotope of fluorine can be
visualized with great precision by a technology known as
Positron Emission Tomograph). An entire science then rapidly
developed administering 18F-FDG to patients with suspected
cancer, and visualizing those tumors using PET— an imaging
technique now known as 18F-FDG PET, or simply FDG PET.
198

Figure 7.10 Use of 18F-FDG PET imaging to visualize tumor
load. These images were obtained in a melanoma patient with



261

breast and liver metastases treated with the immunotherapy
drug nivolumab after progression under anti-BRAF and anti-

MEK treatment. They were acquired by an international group
reporting their results in the European Journal of Nuclear

Medicine and Molecular Imaging. 199 (a) Baseline scan prior to
treatment. (b) Early scan after two cycles shows progression in
the breast and liver lesions as well as the appearance of bone
metastases. (c) Scan after six cycles confirms the findings of

progression. (d) This case was classified as hyper-progression
during immunotherapy; i.e., for unknown reasons tumor growth
accelerated during nivolumab treatment. Without FDG PET, it

would have been difficult or impossible to document such
progression. FDG PET is equally useful in documenting canine

cancer. 200

FDG and the kill switch
My lab discovered that FDG6P supports the driving of
uncompetitive inhibition of G6PD by DHEA toward
irreversibility in the same manner that G6P does. This is an
important finding, because it suggests that we can make any
tumor characterized by high glucose uptake— which is most
tumors — hypersensitive to kill switch activation because
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FDG6P will preferentially accumulate in them. This is
especially important for canine cancer, because dogs have not
evolved methods to have G6P preferentially accumulate in
cancer cells. Our discovery that FDG6P supports irreversible
uncompetitive inhibition of G6PD by DHEA suggests that we
can skip million years of evolution and do this for them
pharmacologically by administering cold (non-radioactive)
FDG. The FDG that we administer will be metabolized to
FDG6P and accumulate preferentially in tumor cells. After
administration of DHEA (or a DHEA analog) FDG6P substrate
will selectively drive kill switch activation in those tumor cells.

Studies done by other labs have demonstrated that some
tumors accumulate more 18F-FDG in direct correlation with
how deadly they are. Thus, in osteosarcoma, high accumulation
of 18F-FDG6P was associated with dramatically shorter overall
survival than low accumulation. 201 The kill switch might be
effectively triggered in canine osteosarcomas that are pre-
treated with nonradioactive FDG. It will preferentially
accumulate in such tumors, and then the kill switch can be
triggered by administering a DHEA-based drug.

In human non-Hodgkin’s lymphoma (NHL)— the kind of
cancer JD had— a positive 18F-FDG result at the end of the
treatment protocol predicted poor survival. 202 In another study,
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a positive 18F-FDG result at the midway point in the treatment
protocol predicted poor survival just about as well. 203 These
studies suggest that in dogs with the most common form of
canine lymphoma, a positive 18F-FDG result at the midway
point in the CHOP treatment protocol would identify dogs who
(1) are likely to fail such treatment, and (2) who might be good
candidates for the kill switch protocol plus non-radioactive
FDG. We are very excited to move forward in FDA clinical
trials with these improvements upon our original kill switch
protocol— first in canines, and then in humans with tumors that
absorb high amounts of FDG.

In a series of studies that I have proposed to the NCI,
radioactive 18F-FDG will be used to qualitatively and
quantitatively evaluate primary and metastatic tumor load in
spontaneous canine tumors, with those tumors showing high
18F-FDG uptake becoming candidates for treatment with
fluasterone plus nonradioactive FDG. Our strategy is that, since
FDG accumulates preferentially in tumor cells, and is capable
of replacing G6P as substrate in the G6PD reaction, we can
precipitate uncompetitive inibition of G6PD that will reach
irreversibility in a tumor-specific fashion. In this way, the
therapeutic index of fluasterone should be substantially
improved— i.e., it will be selectively toxic to cancer cells, and
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spare normal cells. In tumors that both avidly take up FDG and
express high levels of STS, the therapeutic index might be
further optimized by using fluasterone sulfate instead of
fluasterone. Here, too, we are proceeding with studies in dogs
with spontaneous tumors as a model system for what might be
expected in triggering of the kill switch in human cancer.
Imagine what it would mean for the treatment of human cancer
if we can demonstrate activation of the kill switch in the
majority of canine tumors. Although the main thrust of our
research is on the prevention of cancer by kill switch
maintenance into old age, even if we are wildly successful with
that prevention approach, some tumors will still occur— the
4% lifetime cancer risk that should be occurring in our species,
instead of the 40% it is now. If we could trigger kill switch
activation in that 4% by selectively loading tumors with FDG,
producing irreversible uncompetitive G6PD inhibition in a
tumor-specific way, that would represent an entirely new, more-
or-less natural method of cancer treatment.
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Figure 7.11 The Next Generation sequencing station in my
laboratory.

Next Generation transcriptome analysis to
identify canine tumors with ME2 or IDH
mutations, STS and OATP hyper-expression,
and FDG uptake and metabolism
We have now collected an array of canine tumors, and have
isolated the mRNA from tumor and adjacent non-tumor tissue.
We also applied for and received a grant to a California
foundation to set up a Next Generation DNA sequencing
facility in my laboratory. Our purpose in this project is to
identify which canine tumors are associated with ME2 or IDH
mutations, or hyperexpression of the genes for STS, OATP, and
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FDG uptake and metabolism to FDG6P. Such studies are
expensive to perform, and are most cost-effectively done when
large groups of tumors are assessed simultaneously. Our deep
freeze is filling with these mRNA samples, and we are excited
to launch this project.

Side effects of kill switch activation

Kill switch protocols have entirely different
risk levels in dogs and people
I have been a vocal critic of the FDA’s policy of allowing over-
the-counter (OTC) sales of DHEA for human consumption as a
“dietary supplement”— basically, as a food. This policy is
insane. All other developed countries treat DHEA as a
controlled substance. Only in the United States is it available,
in a completely unrestricted fashion, online, in pharmacies, and
in supermarkets. I have frequently referred to DHEAS and
DHEA as the “Dr. Jekyll” and “Mr. Hyde” of androgen biology,
with DHEAS safely circulating in humans at extremely high
concentrations, while blood concentrations of DHEA are kept
five orders of magnitude lower . This is because DHEA is a
potent uncompetitive inhibitor of G6PD and DHEAS is not. In
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addition to low circulating levels of DHEA, further safety
controls have evolved to keep DHEA out of all healthy normal
human cells— reserving its entry exclusively to those that have
suffered p53 inactivation. 204 Thus, DHEAS requires the
assistance of transport proteins to enter cells, and once inside
the cell, requires the action of STS to be transformed from Dr.
Jekyl (DHEAS) to Mr. Hyde (DHEA). Because DHEA is
lipophilic and therefore freely enters cells, the self-
administration of DHEA short circuits 66 million years of
primate evolution! People who take supraphysiologic doses of
DHEA for its androgenic effects— aging males desperate to
retain some aspects of their youth, or body builders, who use
DHEA as a testosterone precursor— are hurting themselves;
potentially fatally so. I have also recently argued that the
unrestricted availability of OTC DHEA is contributing to the
COVID-19 pandemic, which is well known to be influenced
significantly by androgens. 205

The FDA might counter that it was the “Supplement Health
and Education Act of 1994” that made DHEA freely available.
206 But it is the FDA that is tasked with safeguarding the health
of U.S. citizens from unhealthful products in the marketplace.
All that FDA has ever had to do to retain regulatory control
over DHEA is to perform a single study— preclinical in
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primates would have sufficed— to demonstrate any of DHEA’s
negative clinical effects— for example the uncoupling of nitric
oxide synthase in vascular endothelial cells, that I have been
writing about for years. The unrestricted OTC availability of
DHEA has thus likely been damaging the health of users for
decades. But I fear it is contributing to the morbidity and
mortality of the COVID-19 pandemic in a particularly deadly
manner.206 Not a single clinical trial demonstrating safety of
oral DHEA has ever been performed during normal times, let
alone during conditions of the current COVID-19 pandemic.
And as an OTC product not requiring physician supervision, no
data on adverse events have ever been or are now being
collected. Primates, of which we are one, have an entire
evolutionary history designed to make DHEA more and more
toxic— for the purpose of selectively killing cancer cells . Self-
administering DHEA is dangerous in humans, and should not
be used without medical supervision. The FDA is wrong, even
negligent, in allowing its continued OTC purchase as a “dietary
supplement.”
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Figure 7.12 DHEAS and DHEA are the Dr. Jekyll and Mr. Hyde
of human androgen biology. First published in Nyce, 2021 207

The situation is different in dogs
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Unlike humans, dogs did not evolve the complex series of
biochemical changes that constitute the kill switch tumor
suppression mechanism (Figure 2.3). Instead, they evolved a
very rudimentary form of the kill switch, closer to the version
that evolved in the first primates. In those first primates, the
toxic effects of DHEA toward p53-deficient cells— along with
the small body size of these primates— was just sufficient to
enable them to survive the introduction of PAH into their
environment caused by the Chicxulub impact. For epi wolves,
the toxic effects of DHEA toward p53-deficient cells— along
with the small body size of these epi wolves— was just
sufficient to enable them to tolerate the PAH-filled habitats of
pyrophilic humans. None of the “improvements” to the primate
kill switch described in figure 2.3 occurred in dogs—
improvements that dramatically enhanced the ability of the
primate DHEAS/DHEA system to destroy cells in which p53
had been inactivated. For this reason, administering DHEA to
dogs is much safer than it is in humans, but there can still be
toxicities associated with it. At this point in our discussion, I
will describe some of the toxicities that we observed in our
research exploring high dose DHEA as an alternative to chemo
in dogs with cancer.
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Mevalonate Kinase Deficiency in humans
explains Karma’s side effects
The kill switch tumor suppression mechanism in both humans
and dogs operates by depriving the mevalonate pathway of the
NADPH it needs to animate selenoprotein firemen and fill their
fire hydrants with NADPH that both they, and FSP1 require to
prevent ROS-mediated immolation of the cell. What happens
when the mevalonate pathway becomes non-functional outside
of the setting of cancer? There is an inherited human disease,
called Mevalonate Kinase Deficiency (MKD), that will answer
this question for us. MKD patients reveal what happens when
the mevalonate pathway shuts down, something we are trying
to do when we employ kill switch activation as an alternative to
chemo. In other words, it will show us what side effects we
might expect.

As you may remember from chapter 5, Karma was the
Doberman histologically diagnosed with a soft tissue sarcoma
(STS) at the Oregon State University College of Veterinary
Medicine in October of 2015, and given just a few months to
live even if her owners agreed to the devastating surgery that
was recommended— surgery that would have removed her leg
and half of her pelvis on the affected side. Karma’s STS
responded well to our kill switch activation protocol, with
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complete tumor resolution. She remains healthy and tumor-free
today, five years later. During her treatment protocol, however,
Karma developed an auto-inflammatory reaction that revealed
itself visually as ulcerated skin lesions as shown in the
photographs reproduced below.

Figure 7.13 Auto-inflammatory reaction occurring during
successful treatment of a soft tissue sarcoma using our kill

switch activation protocol, in Karma, a four-year-old
Doberman.
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Figure 7.14 Auto-inflammatory reaction occurring in Karma
during kill switch activation treatment of her soft tissue

sarcoma.

Several dogs in our study developed this same
autoinflammatory reaction to high dose DHEA treatment, and
we quickly identified the problem as DHEA-mediated
inhibition of the mevalonate pathway. To prove this, we
demonstrated that the auto-inflammatory reaction caused by
high dose DHEA disappeared quite dramatically by
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replenishing the mevalonate pathway via administration of
geraniol. However, we also learned that this inflammatory
reaction resolved nearly as quickly simply by discontinuing
treatment for a few days, and this is the treatment path that we
are pursuing with FDA in all future studies. 208

A large, multi-institutional group has recently published
work supporting our contention that inhibition of the
mevalonate pathway is the root cause of the auto-inflammatory
response we observed in Karma and other dogs. This group
demonstrated that, in human cells, the absence of a particular
kind of protein isoprenylation, called geranylgeranylation,
produces an unchecked inflammatory response and constitutive
activation of a protein complex involved in inflammation,
known as the Pyrin inflammasome. 209 New methods to resolve
skin lesions caused by the Pyrin inflammasome have been
applied recently to MKD patients and similar auto-
inflammatory conditions associated with inhibition of various
elements of the mevalonate pathway, so activation of this
inflammasome may play a role in the autoinflammatory
reaction that we observed in dogs. 210 However, we believe that
in addition to inhibition of protein isoprenylation, the inhibition
of selenoprotein synthesis and function, and the induction of
NADPH depletion that induces ferroptosis, also plays an
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important role in the autoinflammatory reaction that we
observed in Karma.

While we might be able to prevent this auto-inflammatory
response from occurring by replenishing protein isoprenylation
by the administration of geraniol, this might actually be
counterproductive, much the way that we believe our
administration of ubiquinone was counterproductive. It might
be that the induction of a systemic inflammatory response is
part of the tumor lysis program of our treatment protocol— at
least in some canine tumors. In our new work with the FDA,
we will therefore be using high dose DHEA without
ubiquinone, and without any replenishment of the mevalonate
pathway. If you enter your dog in one of our studies, and this
auto-inflammatory reaction occurs, do not despair. It means that
we are definitely on the right track, and have accomplished
inhibition of the mevalonate pathway. Discontinuation of the
protocol for a few days should resolve the issue, with the same
results that Karma had.

We suggest to our colleagues studying MKD patients that
they examine the state of the selenoproteome of their patients,
and explore the additional possibility that FSP1 activity may be
inhibited by a reduction in ubiquinone . While in our kill switch
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activation protocol such inhibition is a positive thing, in MKD
patients it most definitely is not.

Cataracts
We also noted sporadic, rare cases of cataract in some of the
dogs treated with the kill switch protocol for extended periods
of time. One of the shortcomings of our initial studies is that x-
ray or other analysis techniques to assess the effect of treatment
were sometimes difficult to obtain on a timely basis. In such
cases, treatment persisted for extensive periods (> 2 years), and
it was in these dogs, which were generally aged by the time
tumor assessment techniques were applied, that we
occasionally observed the development of cataracts. In our
upcoming studies, 18F-Fluorodeoxyglucose (18FDG) Positron
Emission Tomography (PET) will be used to assess the effect of
treatment at monthly intervals. We can thus continuously
monitor for the development of cataracts, and depending upon
the 18FDG PET results, discontinue treatment if there is no
further evidence of tumor, and the beginnings of cataract
lesions are suspected.

By what physiological process might high dose DHEA
cause cataracts? As you will recall from our discussion above,
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the process of N-glycosylation requires dolichol in its initial
steps. Several proteins important to maintain the malignant
state, such as EpCAM and IGF-1R, require N-glycosylation in
order to perform their cancer-related functions. DHEA-
mediated inhibition of dolichol synthesis blocks their action,
and such inhibition represents an important component of the
kill switch. But prolonged inhibition of N-glycosylation, which
affects many proteins in the cell, might produce untoward
effects. For example, in human patients with inherited diseases
of dolichol synthesis, cataracts frequently occur at a young age,
211 and most of these diseases of dolichol metabolism involve
N-glycosylation. 212 It is therefore possible that the cataracts
that we observed, few in number as they were, might have been
caused by DHEA-mediated inhibition of dolichol synthesis, and
hence protein N-glycosylation. Alternatively, the instances of
cataracts that we observed in our research might simply have
occurred as a function of those dogs experiencing a normal
incidence of age-associated cataracts. As noted above, our FDA
studies using the kill switch protocol will include monthly
assessment of treatment effect upon the tumor, enabling us to
potentially conclude the study at a much earlier stage than was
possible in our original research. We believe that this careful
approach should eliminate, or substantially reduce, the risk of
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any treatment-associated instances of cataract. In any case, we
will alert veterinarians participating in our FDA clinical trials to
be on the look out for the development of cataracts.

Summary of Chapter 7
The kill switch tumor suppression system evolved in primates
over a period of 66 million years, beginning with the Chicxulub
impact that extinguished the dinosaurs, but created the primate
lineage. The Chicxulub asteroid struck an area of the Earth that
was extraordinarily rich in PAH, which, kicked up into the
atmosphere by the impact, caused many species to succumb to
the strictures of the lex naturalis related to E— increased
carcinogen exposure— especially large species. These same
PAH activated Alu transposable elements in the diminutive
species that we refer to as the proto primate. A remarkable
reshuffling of the proto primate genome caused by these
“jumping genes” ensued, creating a new species in which the
primordial adreno-gonadal anlage gave rise during
development to an adrenal gland uniquely capable of
synthesizing and secreting remarkable levels of DHEAS— the
first primate. A separation of labor followed, with gonadal
synthesis and secretion of hormones maintaining responsibility
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for sexual dimorphism in primates, as in other animals— but
this newly reconfigured adrenal gland, with its capacity to
synthesize and secrete DHEAS, took over the responsibility for
the species-specific tumor suppression mechanism, T, that
enabled equilibration of this first primate’s lex naturalis
equation in the face of the dramatically increased E caused by
the Chicxulub impact.

The split in the evolutionary tree that gave rise to felids and
canines— cats and dogs— as separate lineages occurred
somewhat later, but the canine lineage was also remarkable in
that it, too, relied upon circulating DHEAS as part of its
evolutionary inheritance. This feature of circulating DHEAS
enabled canines to initiate— and then maintain— a relationship
with humans that continues to flourish to this day.

But cancer is out of control in both humans and dogs,
caused by dis-equilibriums in our respective lex naturalis
equations— underlain in humans by the dramatic increase in
body size (S) and Life span (Li) resulting from the modern
economy and improvements in medicine and public health; and
in dogs by human manipulation of their body size.Tumors in
both humans and dog are thus fossils of kill switch failure—
they occur at astronomically higher rates than they should
because, in humans, our species-specific tumor suppression
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mechanism has failed— and we never supplied to our dogs the
improvements in kill switch function that Nature would have if
she had produced these differently sized canines as species. The
astronomical rates of cancer in our dogs is due to our violations
of their lex naturalis equations.

Fortunately for our dogs, we have discovered that we can
trigger failed kill switches in a wide array of canine tumors by
administering high dose DHEA to them— and we believe that
we have uncovered mutations (e.g., IDH, ME), tumor-specific
expression of enzymes (e.g., OATPs, STS), and methods (FDG)
that may make most canine tumors sensitive to kill switch
triggering. This really could be the beginning of a new age of
enlightenment in the treatment of canine cancer. Our freezer is
filling up with mRNA isolated from canine tumors, and we are
about to subject those samples to analysis in our Next
Generation DNA sequencing facility. We should have the
answers soon. This is an exciting time indeed.

While no species, including dogs, can act as a valid model
to discover and develop drugs to treat human cancer, dogs have
a tumor suppression mechanism, T, utilizing DHEAS, exactly
parallel to the one that has evolved in our species. This may
have been why dogs were able to maintain equilibration of their
lex naturalis while co-habiting with our ancestors in their
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primitive, smoke-filled habitats. This parallel between the
human and the canine tumor suppression mechanism— a
parallel that does not exist in mice and rats— means that dogs
most closely model human cancer. Perhaps this parallel will
result in better cancer drugs for both our species.
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8

Where we are with FDA

“Every organization should tolerate rebels who tell the
emperor that he has no clothes.”

Colin Powell

The Three Faces of the FDA
The Three Faces of Eve was the title of a popular film which hit
movie screens in 1957. It was written by two psychiatrists,
Corbett H. Thigpen and Hervey M. Cleckley, who had treated a
woman for what they described as “dissociative identity
disorder”— they reported that she presented three entirely
different personalities at different times, as if she was three
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entirely different people inhabiting the same body. Given the
time, and its gender biases, it is easier to believe that it was not
really Eve who had a problem, but rather these male
psychiatrists who simply interpreted the emergent feminine
spirit of this period in American history as a malady.

The FDA suffers from dissociative identity
disorder
The FDA has presented three entirely different personalities
toward our efforts to advance kill switch triggering into clinical
trials, and therefore appears, as an institution, to be suffering
from a quite severe case of dissociative identity disorder. The
first of these three faces of the FDA is the scientific arm— that
part of the organization composed of scientists charged with
ensuring that drugs that make it to the public are “safe and
effective.” This face of the FDA has been very helpful to our
kill switch efforts, and has already approved five of our
veterinary cancer projects for entry into special FDA programs.
I have nothing negative to say about them— my experience
with them has been extremely positive. As far as I am
concerned, they are the very best face of the FDA, and were it
not for the other faces— the other completely distinct faces of
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the agency— the scientific arm might erode some of the
criticisms that I have made of the FDA in this book and
elsewhere. The scientific arm thus does seem to be thinking
about what I am telling them regarding the lex naturalis , and
how this dictum rules against the agency’s long held policy that
drugs for cancer must be proven safe and effective in lower
species before they can advance into humans. 213

The second face of the FDA is the “cash cow” of the
organization— the division charged with collecting lucrative
“user fees” from Big Pharma companies. As we shall discuss,
the collection of such fees from Big Pharma has made FDA
dependent upon this source of income, creating one of the most
damaging conflicts of interest in the history of our country.

The third face of the FDA is the enforcement arm—
brought into being to ensure that no barrier to the income
stream from Big Pharma user fees is allowed to long survive.
Over time, in response to their very clear mandate to keep the
stream of user fees flowing, this face of the FDA has evolved to
essentially act as hit men for Big Pharma— on the premise that,
with FDA now dependent upon the collection of user fees, what
is good for Big Pharma is good for the FDA.

Let’s discuss each of these different faces of FDA one by
one, and I will relate my interaction with each one of them
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The Scientific Arm
I don’t know if you know the history of the scientific arm of the
FDA, but it is illustrious, even heroic. In particular, it is the
story of one of my heroes, Dr. Francis Oldham Kelsey.

The Food and Drug Administration (FDA) came into
existence in 1906 when Teddy Roosevelt signed the Food and
Drugs Act into law and entrusted its implementation to the U.S.
Department of Agriculture. The goal of this act was to protect
consumers from the harmful effects of “adulterated” food and
drugs, and the mechanism of enforcement was to prohibit the
interstate transport of such goods. Much of the impetus for the
Food and Drugs Act was the sale of products such as Mrs.
Winslow’s Soothing Syrup , which advertised on its label, “This
preparation contains no poisonous ingredient and may be used
with perfect safety,” despite it being a mixture of powdered
opium and morphine. It was advertised as a medicament that
would “quiet” unruly children and help them sleep. Because of
its severe depressant properties, it is believed to have been
responsible for the deaths of thousands of children in the
United States and Great Britain. The Food and Drugs Act put
an end to the sale and use of this dangerous product.
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Figure 8.1 Mrs. Winslow’s Soothing Syrup, a dangerous mix of
opium and morphine, is thought to have been responsible for
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the deaths of thousands of children in the United States and
Great Britain.

Later, in the 1930s, a mass poisoning occurred in the United
States, which was tracked back to an improperly prepared
medicine called elixir sulfanilamide . Working on this project
was a young pharmacology postdoc named Dr. Frances
Oldham. She and her colleagues identified that the poisonings
caused by elixir sulfanilamide were the result of the use of
diethylene glycol as a solvent in some of the manufactured
batches. After this brilliant chemical detective work, Oldham
became a faculty member in the Department of Pharmacology
at the University of Chicago, where she met and married fellow
faculty member Fremont Ellis Kelsey.

In 1960, Frances Oldham Kelsey was hired by the FDA.
One of her first tasks at the agency was to review an application
from the American company Richardson Merrell (now Merrell
Dow Pharmaceuticals) for a drug called thalidomide, which had
already been approved for sale in Canada, the United Kingdom,
and most of Europe. In these countries, thalidomide was being
marketed as a tranquilizer and painkiller specifically for
pregnant women experiencing morning sickness. Kelsey
studied all of the available clinical data on the drug, and
became troubled by an English report that had documented a
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nervous system defect. She withheld approval of the drug, and
requested further studies to allay her uncertainties. Despite
intense pressure from Richardson Merrell, which insisted the
additional studies were unnecessary, Kelsey stuck to her guns
and refused to move forward with approval until the company
could explain the side effects that the English researchers had
uncovered. Dr. Kelsey’s refusal to grant approval based upon
what she considered to be incomplete data made her a hero
when, shortly thereafter, horrific birth defects began to be
reported in all of the countries where thalidomide was in use to
treat morning sickness in pregnant women. I was just a boy
when the popular magazines LIFE, and LOOK began
publishing articles on the thalidomide horror , showing armless
and legless children, who had hands and feet protruding
directly from their torsos as a result of their mother’s having
taken this drug. 214 Frances Oldham Kelsey had prevented this
from happening in the United States . For her work that saved
thousands of American children from suffering this fate, Dr.
Kelsey received the President’s Award for Distinguished
Federal Civilian Service from President John F Kennedy in
1962.
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Figure 8.2 Dr. Frances Oldham Kelsey receiving the President’s
Award from President Kennedy. Figure courtesy of the New

York Times

It is clear from these cases that the FDA has an important role
to play in protecting Americans from harmful food and drugs.
But it is also important to point out that throughout all this time,
the FDA was funded as part of the federal budget. It thus had
no special interest in supporting the drug companies that it
oversaw, and this was reflected in the work of Dr. Kelsey and
many others. The agency was immune to drug company
pressure, and could be fair and impartial in the approval
process.
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Then something happened that changed all of this—
something that required FDA to employ a division of enforcers
— hit men, really— whose job it was to prevent any
interference with the flow of money coming into the agency
from a completely new source.

The second face of the FDA: the “cash cow”
collection branch of the FDA, big pharma
user fees

The Prescription Drug User Fee Act
In 1992, Congress ended the ability of the FDA to be free of
special interest, when it ordered the FDA to begin to pay its
own way by collecting user fees from pharmaceutical
companies when they submitted new drug applications. In the
period leading up to the legislation authorizing user fees, the
people who comprised the FDA at that time opposed the idea,
arguing that it would negatively impact industry innovation—
particularly making it difficult for academic researchers and
small companies to participate in drug discovery and
development. They also argued that it would increase costs of
drugs to consumers because Big Pharma would simply pass the
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additional costs on to consumers in the price of their drugs.
They also publicly worried that becoming dependent upon
funding from the very industry that they were supposed to
regulate would raise conflict of interest concerns, perhaps even
call the agency’s integrity into question.

Despite these concerns, on first blush it might seem to you
that this was a reasonable idea, getting pharmaceutical
companies to pay for the work that FDA had to do to study the
safety and effectiveness of drugs that the industry submitted for
approval. On first blush it might also seem that Big Pharma
would be against this idea, because now they had to pay for
something that previously they had gotten for free. But despite
public protests, behind the scenes Big Pharma likely was
enthusiastic about the idea of such user fees, because it played
right into their hands. Although the user fees were substantial,
the Big Pharma companies were by now so large and wealthy
that it was no impediment to them at all. And these user fees
would represent a significant, even insurmountable barrier to
small companies and academic researchers, preventing them
from filing applications directly with the FDA to develop their
discoveries. The Prescription Drug User Fee Act of 1992 also
brought guarantees of speedy evaluation of pharmaceutical
company data, thereby expediting the drug approval process for
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Big Pharma. It even specified exactly how the income from
user fees would be spent— in a manner that expedited drug
approval. The FDA was rendered powerless to use the money
as it saw fit. But perhaps the most onerous effect of this
legislation was that it clearly put the FDA on the side of Big
Pharma, and against small companies and academic researchers
where most of the innovation is generated.

Over time, the people in the FDA who had opposed user
fees retired or were put into career paths where their opposition
would be ineffective. Over time, they were replaced by people
who were given, and accepted, the mandate of running FDA
like a for-profit business— those profits coming from their new
“customers,” Big Pharma. Clearly, the intent of user fees was to
favor Big Pharma, and it put the FDA in their pocket.

If the intent of user fees had not been to help Big Pharma by
putting obstacles in front of academia/micro pharma, FDA
would instead have put the fee at the other end of the process—
entitling itself to a percentage of profits on successfully
marketed drugs. By collecting a percentage of profits, FDA
could have generated the same or even more income. And it
would have enabled academia/micro pharma to develop the
drugs that it discovered directly with FDA. By putting the user
fee up front, rather than as a percentage of profits, FDA ensured
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that all discoveries made in academic or micro pharma
laboratories had necessarily to flow to Big Pharma, the only
entities with the capital to pay those upfront fees. One FDA
commissioner boasted that he would never allow a small
company to receive an approval for a major drug.

How dependent is the FDA on Big Pharma user fees? The
latest U.S. Department of Health & Human Services FDA
budget overview shows that of the $5.1 billion total annual
budget for the agency, FDA acquired $2.5 billion— fully half—
in the form of user fees. Thus, FDA has now been rendered
completely dependent on user fees collected from the very
companies they are supposed to oversee.

Dr. Kelsey must be turning over in her grave.

Collection of user fees for animal drugs
The FDA was set up to protect the public— the human public
— from adulterated drugs. This protection included overseeing
drugs that went into animals consumed by people— pigs, cows,
chickens and the like— because human health could be affected
when those drug-treated animals were eaten. But the MBAs
who had replaced the old guard at the FDA realized that there
was an additional “cash cow” that had not yet been milked.
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With a growing economy, more and more people were adopting
pets into their homes, particularly dogs and cats. And these
dogs and cats sometimes got ill. And the flourishing business of
veterinarians showed clearly that owners were willing to pay
significant sums to maintain the health of their pets. This
willingness was attracting some of the Big Pharma companies
into the pet medicines business. FDA decided to stick out its
hand, Monopoly style.

The Animal Drug User Fee Act was signed into law in
2003, enabling FDA to acquire additional income by charging
companies user fees when they submitted new animal drug
applications to the agency. This is purely an income generating
mechanism, because FDA has no real interest in protecting
animals . I know this for a fact because, as I noted earlier in this
book, I have taken two drugs into human clinical trials under
FDA, and the agency required me to hire outside companies to
perform toxicology and efficacy studies that led to the deaths of
many thousands of animals— not just mice and rats, but
hundreds of dogs, and many scores of primates. I love animals,
and so this FDA requirement sickened me, leaving me with a
form of PTSD that I still have not fully recovered from.

For me, a really important offshoot of the lex naturalis and
species-specific mechanisms of tumor suppression is that it
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proves that animals can provide no useful information
regarding the identification of drugs for human cancer.
Therefore, it should lead to the cessation of the use of animals
in the discovery and development of drugs for human cancer.
That will save, literally, hundreds of millions of animals from
being slaughtered to support cancer research. As just one
example, it is estimated that 100 million mice die each year in
cancer research studies. The USDA , which oversees animal
welfare, reported that 64,707 dogs were used in research studies
in the United States in 2017 (and 75,825 non-human primates).
As understanding and acceptance of the lex naturalis increases,
the number of animals used in cancer drug discovery should
dramatically decrease— hopefully to zero.

The bottom line of my argument here regarding the
collection of user fees for animal drugs is that, while FDA does
have legitimate concern about the drugs that go into animals
that people will consume, thereby exposing humans to those
animal drugs , as an organization, they are responsible for the
deaths of millions of animals— including dogs— every year.
To claim that their collection of user fees for animal drugs is to
protect animals is therefore absurd on its face. It is to collect
user fees, pure and simple.



296

ACGT’s goals put the user fee “cash cow” of
FDA in jeopardy
Above I noted that FDA has already approved five of our
programs to move forward in special FDA programs. These
“special” programs were created by the scientists in the
veterinary division of FDA as a means for academic scientists,
and scientists at small research and development companies
like mine (ACGT Biotechnology), to move forward with their
discoveries without having to pay the exorbitant user fees noted
above. This is another reason to applaud the scientific arm of
the FDA, which appears always to be trying to do the right
thing. If we are successful with these five programs, I believe
that the scientific arm of the FDA will take pride in what they
helped us to accomplish.

If ACGT 215 intended to keep our focus only on canine
cancer, I think that the other faces of FDA would probably have
ignored us. But everything that we are doing is focused upon
pushing our kill switch discovery into human cancer, and this
becomes a huge threat to the “cash cow” of FDA user fees from
Big Pharma. Our stated goal, which we have published in major
peer-reviewed journals, is to “normalize” lifetime cancer risk in
humans from its current 40% to the 4% that the lex naturalis
says it should be. 216 This means that instead of the 30 million
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new cancer cases in 2040 that Big Pharma is counting on to
drive their profits, if we are successful in “normalizing” cancer
risk to 4%, that number of new cancer cases will drop by 90%,
to 3 million. This would put most Big Pharma companies
focusing on treating cancer out of business. Maybe all of them,
if the treatment applications we described in the previous
chapter (ME and IDH mutations; STS and OATP
overexpression; FDG driving most human tumors toward
irreversible uncompetitive inhibition) work as well as we
expect them to. We control this new technology based upon the
lex naturalis and kill switch tumor suppression, and we intend
to drive down the number of new cancer cases to as small a
number as possible. This will wreak havoc with the predictive
power of the calculus equations written out by the MBAs at
those Big Pharma cancer companies. The business of cancer
will cease to be Big Pharma’s major profit center. It will also
wreak havoc with FDA’s user fee dependency. If we are
successful in using the lex naturalis to reduce human cancer by
90%, those user fees on cancer drugs, already in FDA’s budget
projections, will all but disappear.

The third face of the FDA: The hit men
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Basic research vs. development: a primer
As I noted above, I have taken two drugs into human clinical
trials under FDA, so I am very familiar with the process. Let
me break it down for you. There are two completely separate
stages in bringing a drug to market. The first is the basic
research stage, when an idea is generated— an idea which is
then tested experimentally to see if there is something worth
pursuing clinically. This research phase is usually conducted in
academic laboratories, as was the case for me when I advanced
the RASON for asthma into human clinical trials. Sometimes
this same sort of research is conducted in small research
companies, like ACGT, and sometimes it is conducted in the
labs of Big Pharma. But in none of these cases does FDA
involve itself, or have any jurisdiction over the research phase.
It is only when a research group has decided that they have
something that works so well that they are willing to risk the
extreme costs of developing it as a drug, and prepare and
present to FDA an Investigational New Drug application (IND),
that the agency gets involved. This is where the line is crossed
between the research phase and the development phase. 217 The
FDA has no jurisdiction whatsoever over the research, but
absolutely, by law, controls the development phase. This was
well understood by me, and by virtually all other scientists
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working in medical research. I was nearing the stage when I
could sit down and write an IND, as I had before for the
previous drugs that I had taken into clinical trials; but I was not
yet there with my present research project. (This time, my
application to the FDA would be for an investigational animal
drug, called an INAD— investigational new animal drug
application.) My plan was to repeat what I had done before. Get
enough data to publish in Nature , creating the necessary
worldwide “splash” to show the world what I had discovered,
and then put together the team that would help me write the
INADs and INDs and launch our kill switch studies into the
development phase.

I never expected to have any experience with the
enforcement arm of the FDA. After all, my lab was clearly in
the research phase, in the midst of the dramatic breakthrough
that is the subject of this book; working hard to reach the
development boundary and submit our IND, but not there yet.
Because we were going against fifty years of dogma— the use
of rodents in cancer research— it is true that we could not
expect funding from the NCI, the source of that dogma— but
our participant-investor funding model had kept the lab moving
forward, and we had generated enough data in dogs that we
were able to win the grant that had enabled us to set up the
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Next Generation DNA sequencing system. We did not yet have
the data necessary to publish in Nature, but it seemed imminent
as we got closer to analyzing the canine tumors that we had
collected.

I hope you can imagine my surprise, then, when I received a
“warning” letter from the FDA enforcement office in
Philadelphia saying that I was using an “adulterated drug” in
my studies in canine cancer. Adulterated drug? Here is the
dictionary definition of the word “adulterate:”

“to corrupt, debase, or make impure by the addition of a
foreign or inferior substance or element especially : to prepare
for sale by replacing more valuable with less valuable or inert
ingredients.”

I was outraged. I responded immediately to the FDA office
that had sent the letter, showing that we obtained our DHEA
from a bulk supplier based in Seattle that they— the FDA—
had approved for over-the-counter (OTC) sales of DHEA to the
public for human consumption . It was outrageous to call this
DHEA “adulterated” when we were using it in its pure form
exactly as we received it from the company. I sent
chromatograms that we had received from the company
demonstrating the purity of the DHEA being used, and waited
for a response. When the response came it argued that I had
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made “claims” regarding the potential benefits to dogs of being
in the study, and that I needed to do clinical trials. This I felt
was equally outrageous. Of course I had explained to
participant-investors my rationale for the study— after all, who
would enter a dog with cancer in a research study if the person
conducting the experiment did not have a clear rationale? But
describing your rationale is not the same thing as making
claims. And I intended to do clinical trials when I had the
sequencing data. I made my arguments to the same FDA
Enforcement Lawyer in the Philadelphia Office, and when I did
not receive an additional reply, I felt the matter was settled.

The Scientific Arm of the FDA to the rescue
In fact, just a short time later the scientific arm of the FDA held
a colloquium at which they seemed to address this very issue. It
so closely fit my case that I believed that it was an “instruction”
to the enforcement arm to stop their attempts to interfere with
my research. I will reproduce only the highlights from this
colloquium here, but you can read and listen to the entire
colloquium on the FDA site .
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The title of the colloquium was: Regulatory Considerations for
Using Pharmaceutical Products in Research Involving
Laboratory Animals.

The speakers were:
Dorothy Bailey, DVM, Center for Veterinary Medicine,

FDA
Neal Bataller, DVM, ME, Center for Veterinary Medicine,

FDA
Carol Clarke, DVM, Animal Care, Animal and Plant Health

Inspection Service (APHIS), USDA
John Bradfield, DVM, PhD, DACLAM (Diplomate of the

American College of Laboratory Animal Medicine), American
Association for Accreditation of Laboratory Animal Care
(AALAC)

Axel Wolff, DVM, Office of Laboratory Animal Welfare
(OLAW), NIH

Susan Silk, MS, OLAW, NIH
George Babcock, PhD, University of Cincinnati and

OLAW, NIH

Slide 7 of Dr. Bailey’s presentation:
Slide 7 Investigational Use (Test Articles)
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“Now I’m going to talk about investigative use of drugs,
and once again this is where the drug is the test article
or focus of research. And to help explain FDA
regulation of investigational uses I’ve split it into three
categories. The first category is basic research. This is
where a drug— essentially at this point it’s a chemical
or compound— is being studied and it’s prior to any
sort of known use of the compound as a drug. So, this is
prior to drug development. This type of test article
research is not reported to the FDA .”

“The second category is pilot or preclinical studies that
are conducted early in drug development. At this point
there is a known use for the compound and it’s a drug
use. I’ve provided you with the citations to the federal
regulations which cover this type of use for both human
[21 CFR 312] and animal [21 CFR 511.1(a)] drugs.
Essentially what these regulations say is as long as the
drug is labelled appropriately as an investigational
drug and certain shipment records are kept, the drug
manufacturer can ship the drug interstate and interstate
commerce and the drug can be used in studies involving
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laboratory animals. These studies do not have to be
reported directly to the FDA .”

Clearly, I was still in the research phase described by the first
paragraph, and even if the line had been blurred a little between
the research and the pilot study phase of my work, I still did not
have to report to the FDA at this stage. 218 Only when I crossed
into the development phase, by submitting an INAD application
to the FDA, would I then be under their control. I was trying as
hard as I could to reach that stage; but I just had not achieved it
yet. The timing of this colloquium by the scientific arm of the
FDA appeared to me to be their directly coming to my rescue
and “informing” the enforcement arm that they were way off
track sending me warning letters. Case closed, and thank you
again, scientific arm of the FDA.
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Figure 8.3 My laboratory was conducting high level basic
research. Clockwise from upper left: Next Generation DNA
sequencer; Oligonucleotide synthesizer used for RASONs,

transdermal antisense oligonucleotides, and the synthesis of
probes and primers required for molecular biology studies;

view of molecular biology laboratory showing PCR enclosure
and other equipment; assorted laboratory equipment; view of

part of tissue culture facility ; assorted analysis equipment
including Luna cytometer, PCR machine, and Agilent
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Bioanalyzer. PCR, polymerase chain reaction, a technique for
amplifying the amount of DNA coding for specific genes, to

enable their analysis.

But why does FDA permit DHEA to be sold
as an OTC product, without regulation?
Despite the scientific arm’s clarification that the research phase
of discovery, and even early pilot studies in the development
phase, were not under the control of FDA, I was still irritated
over the “warning” letter that I had received. No apology or any
other acknowledgment had been forthcoming from the
Philadelphia office. I marveled at their audacity to allow OTC
sales of DHEA as a human “supplement,” and then sending me
a warning letter when I was researching the fundamental role of
this same molecule in cancer. My dander up, I decided to press
my complaint that DHEA should not be available as an OTC
supplement for human use— as freely available as aspirin to
anyone with money in hand, no matter what their age. In a new
letter, I described the outlines of the kill switch tumor
suppression mechanism based on circulating DHEAS, and used
my analogy that DHEAS and DHEA are the Dr. Jekyll and Mr.
Hyde of androgen biology in humans. Like the medical school
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professor that I had been, I even sent the FDA enforcement
office in Philadelphia an entire PowerPoint presentation
lecturing them about the kill switch tumor suppression
mechanism and the work my lab was doing to eventually
advance it into clinical trials. Slide after slide drove home that
66 million years of evolution had put DHEAS at the center of
kill switch tumor suppression mechanisms in both dogs and
humans. I described how DHEAS circulating in the
bloodstream is imported into cells that had suffered p53
inactivation, and in such cells— and such cells only— it was
de-sulfated to DHEA,— completing a Dr. Jekyll to Mr. Hyde
transformation. I lectured that this discovery of the kill switch
was going to revolutionize the treatment and prevention of
cancer both in dogs and in people, and had the potential to
make cancer a rare disease again in both species.

In the next slides I began to scold that FDA’s allowing of
OTC sales of DHEA was dangerous, even reckless. I explained
that, because DHEA could freely cross cell membranes and
enter any cell, evolution had kept its circulating levels
extremely low, many orders of magnitude below the level
required to trigger the kill switch. This system had evolved over
the entire 66 million years of primate evolution— 66 million
years of evolution designed to make DHEA as toxic as possible
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— so ingesting DHEA directly short circuited this evolution,
putting all the normal cells of the body at risk for kill switch
activation!

I presented some advertisements clearly marketing DHEA
to puberty aged-males, as well as to adult men participating in
the sport of body building. Such advertising gives the false
impression that ingesting pharmacologic amounts of DHEA can
build muscles. It cannot. No study has shown this. Circulating
levels of DHEA have nothing to do with the building of
muscles. DHEA evolved as the killing element of our species’
kill switch tumor suppression mechanism, and circulating
levels of DHEA have little or nothing to do with the muscle
hypertrophy that body builders seek. For that, androgen
receptor numbers increase in muscles in response to the
“injury” that previous heavy weight training has done to them.
The muscles respond to this “injury” be expanding their
number of androgen receptors, in effect trying to grow bigger to
prevent injury the next time that they are exposed to the stress
of lifting such heavy weights. The increased androgen receptor
number is part of a response to stress that can include increased
uptake of DHEAS from the circulation, which can be
metabolized to testosterone in the stressed muscle tissue. This
is how muscles are built, by increasing the number of androgen
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receptors in stressed out muscle tissue. Not by ingesting
pharmacological amounts of DHEA.

Figure 8.4 DHEA is the Mr. Hyde of androgen biology, and its
direct ingestion in high amounts activates the kill switch in

normal, healthy tissues. This advertisement, and others, touting
DHEA as a body building steroid are easily found on the web .
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Figure 8.5 The marketing of DHEA targets body builders and
puberty-aged boys wishing to enhance their musculature. There
is no evidence that the ingestion of pharmacological amounts of

DHEA can produce increases in muscle mass.
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Figure 8.6 There is no scientific data that ingesting
pharmacologic amounts of DHEA improves muscle mass.
Rather, vigorous weight training increases the number of

androgen receptors in muscles in response to tissue “damage”
caused by previous weight training. Then DHEAS is imported
into those cells and converted into testosterone under carefully
orchestrated intracellular conditions designed not to trigger the

kill switch.

Adenosine depletion
DHEA can potentially have additional negative effects—
beyond promiscuous kill switch triggering in normal cells. My
eldest son, Alexander, and I investigated some of these. Alex, a
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budding neuroscientist, received permission to complete a
research course in my laboratory (incredibly, receiving such
permission from one of the same professors who taught me
when I was an undergraduate in the same department many
decades before!) As part of that research project, we published
a paper showing that in rats, administration of high dose DHEA
led to depleted levels of adenosine in both the brain and heart.
219

The fact that DHEA can deplete adenosine is important,
because adenosine plays a critical role in an array of critical
physiological processes, ranging from modulation of the firing
of neurons, 220 to energy transfer, signal transduction, and DNA
methylation, 221 as well as proper function of blood vessels and
the cardiovascular system. 222 You yourself probably
manipulate your adenosine pathway in your brain every day as
part of your daily routine, because adenosine induces sleepiness
by binding to certain of its receptors in the brain, and caffeine
induces alertness by acting as an antagonist of adenosine at
those receptors.

The adenosine system is evolutionarily ancient and
underlies many of the most basic circuits of brain physiology
among virtually all animals. This means that the same depletion
of cardiac and brain adenosine caused by high dose DHEA in
rats is extremely likely to also occur in humans exposed to
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comparable doses on a body weight basis. Our point in the
paper we published on DHEA-mediated adenosine depletion
was that body builders, and boys trying to enhance the natural
effects of puberty, would be negatively affecting some of the
most important systems in their body if ingesting DHEA was
their path to accomplish these effects. As noted above in the
discussion of caffeine, adenosine exerts its actions via an array
of receptors, named, respectively, A1, A2a, A2b, and A3. (You
may recall that the RASON that I took into FDA clinical trials
for human asthma targeted the adenosine A1 receptor. 223 As
part of one of my doctoral student’s PhD research my
university lab had also shown that the adenosine A1 receptor
was responsible for the effects of alcohol upon motor
coordination— i.e., drunken behavior. 224 ) People who deplete
adenosine by ingesting pharmacological amounts of DHEA are
essentially antagonizing all adenosine receptors, preventing
their function. This can clearly have important consequences.
For example, Gimenez-Llort and colleagues at the University of
Barcelona demonstrated that adenosine A1 receptor knockout
mice showed high levels of aggression and reduced muscle
strength. 225 Similarly, when mice were injected with an
adenosine A1 receptor agonist (a drug which binds to the A1
receptor and stimulates it, as adenosine binding would),
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simulating supraphysiologic levels of adenosine with respect to
this receptor, aggression measured via the Resident Intruder
model was abolished . 226 Altogether, these studies suggest that
the use of DHEA by body builders could explain some of the
aggression that appears to be a side effect of anabolic steroid
abuse. 227

Because DHEA is a precursor to testosterone, its use is banned
by the Olympics, the World Anti-Doping Agency, the National
Collegiate Athletic Association (NCAA), the National Football
League, and the National Basketball Association. Professional
baseball has taken a different approach, permitting DHEA use
by its athletes because FDA permits it to be sold OTC. Even if
all of the blame for the OTC availability of DHEA cannot be
placed on the FDA, 228 they are the government agency
ultimately tasked with keeping dangerous drugs from harming
the public. Our work shows very clearly the 66 million years of
primate evolution has had as a major goal the honing of
methods to make DHEA as toxic as possible— and because of
that toxicity, its circulating levels are kept extremely low.
Ingesting DHEA directly short circuits that evolution, and will
trigger the kill switch in unintended normal cells, and is
therefore very dangerous. I am certain that people are being
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harmed by abusing DHEA, and I want to state plainly that FDA
is failing in its responsibility to protect the public when it
permits OTC sales of this steroid.

After the argument with the enforcement arm of the FDA, I
eventually calmed down and went back to my work. At the top
of my list was collecting the remaining canine tumors I would
need to make an economical sequencer run. I had isolated
mRNA from most of the tumors that I had already collected,
and stored them in my deep freeze. Soon, very soon now, I
would be able to analyze them for ME and IDT mutations, for
the possibility of STS and OATP over expression, and for
expression of the genes involved in the take up FDG and its
metabolism to FD6P.

Outside of the births of my children, this was the most
exciting period of my life.
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9

Our solution to the spiraling cost of
cancer drugs

“Large corporations, of course, are blinded by greed.
The laws under which they operate require it - their
shareholders would revolt at anything less.”

Aaron Swartz

“Avarice is the spur of industry.”
David Hume

“If we go on the way we have, the fault is our greed,
and if we are not willing to change, we will disappear
from the face of the globe.”
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Jacques Cousteau

The Business of Cancer
Cancer in our species has become big business. And it is a
business that is growing by leaps and bounds. According to
Mordor Intelligence, the global cancer therapy market alone
(just cancer drugs) was valued at $136 b illion in 2018, and is
estimated to be valued at $221 billion in 2024. 229 The MBAs at
Big Pharma companies with cancer drugs in their portfolios are
well aware that these numbers will continue to skyrocket in the
decades to come. Thus, the World Health Organization (WHO)
projects that by 2030, just a decade into the future, new cancer
cases and cancer deaths will reach 24 million (from about 12
million in 2020) and 13 million (from about 7 million in 2020)
per year, respectively. As the IARC has warned, these are not
numbers that we have any chance of treating our way out of.
But don’t tell that to the Big Pharma companies focusing on
cancer. To them this is not so much a cancer catastrophe as it is
a fantastic market opportunity.

If we project the WHO figures forward, by the year 2084—
100 years beyond the dystopian future predicted by George
Orwell’s novel 1984 — the number of new cancer cases
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diagnosed each year will reach 136 million, and cancer deaths,
76 million, a truly dystopian future. Such numbers are far
beyond the effective capacity of any conceivable health care
system to deal with, and clearly have the potential to destabilize
society. Do we choose by lottery which cancer patients will be
treated? Do only the wealthy get treated? Or those of the party
in power? To paraphrase Captain Cousteau, “If we go on the
way we have [in cancer research], the fault is our greed, and if
we are not willing to change, we will disappear from the face of
the globe.” This coming cancer catastrophe is every bit as big
and looming an existential threat as global warming. But while
global warming threatens all species, the coming cancer
catastrophe is targeting only our species, and our dogs.
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Figure 9.1 The coming cancer catastrophe is identified in the
cold calculus of Big Pharma market projections as an

enormous business opportunity. The plots above show the
global number of human cancer cases and cancer deaths, in

millions, projected out to 2084. This figure uses National
Cancer Institute data for prior years, and WHO data projected

out to 2030, and assumes that cancer patient survival is
approaching the asymptotic boundary appearing in NCI

statistics (National Cancer Institute SEER Cancer Statistics
Review (CSR) 1975-2014. Updated June 28, 2017.

National Cancer Institute statistics report a dismal 7%
improvement in two-year survival for cancer patients over the
past 27 years, and further show that survival at every time point
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(1, 2, 3, 4 and 5 years) appears to be at an asymptotic limit
beyond which further improvement may not even be
theoretically possible. Even the newly published cancer
statistics reporting a decrease in death from cancer over the past
several years do not blunt the figure below, because they
primarily represent the dramatic decrease in smoking that
occurred after the Surgeon General’s warnings appeared on
cigarette packs in 1965— not improvement in cancer
chemotherapy results.

Figure 9.2 National Cancer Institute statistics show that
survival at every time point has plateaued, appearing to have

reached an asymptotic limit beyond which any further
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improvement may not be possible. See Nyce 2018 230 for
citations and discussion.

Even if health care systems improved worldwide to a degree
unimaginable in the current environment, there is still the
expense of paying for cancer treatments. Consider Kymriah —
a chimeric antigen receptor (CAR) T-cell therapy for the
treatment of adolescent and young adult acute lymphoblastic
leukemia— which is the most expensive cancer therapy ever, at
$475,000 ($1,302/day). And Oncaspar , used to treat acute
lymphoblastic leukemia, with an average wholesale price of
$387,864 ($1,062/day). It appears that the current big pharma
strategy is to target $1,000 per day as the cost (profit, really) of
each of their new drugs, even when these drugs increase
lifespan only minimally. For example, a recent “landmark
study” of a drug called Blincyto , used in patients with
Philadelphia chromosome negative Acute Lymphocytic
Leukemia (ALL), showed an overall survival of 7.7 months,
compared to 4.0 months using the prior standard of care chemo
in this disease. The Blincyto treatment protocol for such ALL
patients requires two courses of drug, at $89,000 per course,
which equates to $48,108 per extra month of life achieved .

While the benefit of being treated with these expensive
drugs is of course of immense value to the patient and the
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patient’s family— every moment of extra time with a loved one
is precious— the dramatic and constantly escalating cost of
such minimal life extension is unsustainable for society. Even if
we could be certain that the accelerating increases in the cost of
cancer medicines will level off in the future at the current cost
of Blincyto ( the greed of the businessmen of cancer makes this
an extremely unlikely scenario), by 2050 the worldwide cost of
keeping cancer patients alive for one extra year of life will
already exceed $43 trillion, twice the current yearly revenues of
the twenty richest countries in the world combined! Clearly, the
IARC is correct. We cannot treat our way out of the coming
cancer catastrophe. Alternative, preventative measures that
reduce the occurrence of cancer in our species are required. 231
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Figure 9.3 Pricing power drives pharmaceutical companies to
emphasize oncology products. Figure courtesy Reuters.

Our solution to the unsustainable increases in
cost of medicines for human cancer? ACGT
will propose a new pricing model to the
National Cancer Institute and the IARC for
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medicines emanating from our kill switch
program: Ten cents per patient per day
The major goal of my company, ACGT Biotech, Inc., is the
“normalization” of lifetime cancer risk in our species from its
current aberrant 40% to the 4% mandated by the lex naturalis .
232 This is thus a cancer prevention program. It is based upon
our finding that the kill switch tumor suppression mechanism
evolved in humans to protect during the 25 year lifespans that
characterized our species for almost all of its existence.
Circulating DHEAS levels thus peak at 25 years of age, and
begin to sharply decline thereafter. Our plan is to “normalize”
lifetime cancer risk by pharmacologically maintaining
circulating DHEAS levels at their peak throughout the entire,
expanded modern human lifespan. This means that everyone in
the world should begin taking DHEAS as soon as their DHEAS
levels begin to decline, at about age 29-30, and they will
continue to take DHEAS for their entire life.

Instead of the Big Pharma pricing model of $1,000 per
patient per day for their cancer medicines designed to treat
existing tumors, extending life for some generally minimal
period of time, we will propose to NCI and IARC that they can
prevent tumors from occurring in the first place, by
pharmacologically maintaining peak levels of circulating
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DHEAS— compensating ACGT at the rate of just ten cents per
patient per day for the license to do so— worldwide, for the
benefit of everyone.

Because it would be administered to everyone after the age
of 29-30, DHEAS would be the major drug driving down
cancer costs in this model, with the potential to reduce cancer
incidence by 90%. This would reduce the 24 million new
cancer cases projected to occur in 2030, to 2.4 million—almost
22 million people in that year alone who otherwise would have
contracted cancer, but who will not because their kill switch
tumor suppression mechanism was maintained . Imagine the
impact that preventing cancer in 22 million people a year would
have, both economically and in the reduction of human
suffering.

As part of this “deal,” NCI and IARC (and their other
worldwide partners) will also have full rights to our treatment
protocols for human cancer. 233 Therefore, even the much
reduced cancer patient population will have almost free access
to our new kill switch-based treatment protocols. Many in this
residual cancer patient population will have tumors with ME or
IDT mutations, that over-express STS and OATPs, or in which
FDG accumulation can be used to drive uncompetitive
inhibition of G6PD to irreversibility selectively in tumor cells.
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The tumors in these patients are predicted to be particularly
sensitive to kill switch triggering, whittling down still further
any need to resort to expensive and generally ineffective
chemo.

Our goal, literally, is for the kill switch discovery to drive
cancer completely off the list of common human diseases. The
kill switch discovery is so fundamental to cancer, that this is
clearly an achievable goal. As it appears also to be for our dogs.

The income from this kill switch licensing
will be re-invested into pediatric cancer
research
I find it to be one of the great ironies of the uncovering of the
lex naturalis , and of the identification of the components of the
human-specific kill switch tumor suppression mechanism, that
the medical benefits to be enjoyed from those discoveries
appear to relate only to adult cancer. As you may recall, I had
my beginning in clinical cancer research at the Children’s
Hospital of Los Angeles (CHLA), and I promised myself that I
would return one day with something in hand to help children
with cancer. I have yet to fulfil that promise. My family intends
that our founder’s shares will provide the funding for the
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establishment and permanent funding of a pediatric cancer
research institute and hospital, based in Central and South
America, where the unmet need for such centers is very, very
great. Based on the St. Jude model, no charges will be incurred
by any family with a child treated for cancer at this facility, and
we will develop a network to retrieve such sick children from
their home territory. We hope to hire some of the best cancer
clinicians in the world to treat these children with cancer.
Because pediatric cancer is so different from adult cancer, we
can expect about an 80% cure rate in our clinic, as is obtained
at St. Jude, CHLA, etc. I will run a cancer research laboratory
at the facility where we will try to improve the fate of the 20%
of pediatric cancer patients who still now die of their disease.
This is my next big goal.

If all of this happens, as I believe it will, it will only have
happened because of the business model that we employed,
using participant-investors to fund the early research. If we had
gone to investment bankers, or to Big Pharma, they would
never agree to the ten cents per patient per day pricing model
that we are proposing. As I learned from hard experience, their
greed literally knows no bounds, and our discovery would have
been placed out of reach of all but the wealthy, and the properly
insured— a description that applies to less than 10% of the
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world’s population. By keeping outside investment to a
minimum, we have been able to maintain control of the
company, and guide it toward the pricing model that will make
it available to everyone, everywhere— and still leave us with
the wherewithal to continue to expand our research.

We have made some enemies along the way, to be sure. Our
discovery is so fundamental that it may mean the end of Big
Pharma companies targeting cancer as their profit center. Such
companies— like species subjected to a sudden change in
climate, or to the loss of their primary food source— may
simply disappear. If this happens, then it will also mean the end
of the user fees that those companies would have paid to FDA
—and that will put the agency in financial disarray. But this is
what a big discovery does; what it is supposed to do— it
changes the world as we know it, transforming it into
something different; something better. The world that I envision
once the lex naturalis is put into practice is a world in which
cancer is a rare disease again, as it was in our primitive
ancestors; and where it is a rare disease in our dogs again, as it
was in their ancestral species— even in their ancestral breed,
those first dogs that all looked pretty much the same,
resembling small wolves.
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If we are as successful as I think we are going to be, the
business of cancer will all but disappear— and that will cause
angst among those who have profited from cancer for so long.
They will be angry at the prospect of this profit center
evaporating overnight for them, to the point of potentially
failing to see that its disappearance would be a good thing. To
paraphrase Upton Sinclair, it is difficult to get a man to see the
benefit in something, if his greed depends upon him not seeing
it.

Conclusion
Our First Friend came into our human lives perhaps as long ago
as 35,000 years, and has been helping us, protecting us, all that
time, clearly with the intent to “be our friend for always, and
always, and always.” In this life you will have no truer friend
than a dog that you take into your home, into your heart, into
your life. To many of us, a house is not a home unless there is a
dog living there with us. Now our First Friend has performed
the most important act of friendship of all, revealing the lex
naturalis to us and showing us the path forward to break free
from the pincer grip of cancer. It was only by abandoning
rodents, and adopting dogs with spontaneous cancer as our
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model system that we were able to uncover the lex naturalis ,
and use it to identify the components of our own species-
specific tumor suppression mechanism, and that of our dogs,
and to understand why both we and our dogs are afflicted in
such a profound way by cancer.

Just as there is resistance to these new discoveries from the
businessmen of cancer, there has also been some resistance
from those who have built their careers in cancer research using
rodent models. I see no reason for that resistance, do not
understand it, and am troubled by it. After all, the uncovering
of the lex naturalis could never have happened except through
understanding the total— the sum of all the parts— of what has
transpired over the past 60 years of cancer research— 44 (and
counting) years of which, I have been a small part of. A great
pyramid of knowledge. Even where we went wrong, how
would we have known except for the doing of it? The overall
negative result of using mice and rats to discover and develop
drugs for human cancer was thus perhaps the most illuminating
piece of the entire puzzle. It was a dreadfully costly piece of the
puzzle to bring into existence, but once JD received his
treatment and cytotoxic chemotherapy became the focus for the
next 75 years of cancer research, it is difficult to see how the
lex naturalis would have been uncovered without that overall
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negative result also coming into existence. To my fellow cancer
research scientists I want to say, we all contributed necessary
pieces to the solution of this puzzle. It was a team effort—even
if, at times, it did not feel as if we were on the same team.

I have been at this a long time, and have known a lifetime
of cancer research scientists, every one of them struggling to
find the truth. Many of these heroic men and women are no
longer with us, but that does not reduce their contribution even
a little. They helped build the pyramid of knowledge that we
got to stand on top of, and peer out over the landscape from,
searching for the truth. And now we have found it, together.
The lex naturalis equation is a victory to be shared by all
cancer research scientists, living and dead; and I congratulate
all of you. And to all of you, let me add this. When you go
home this evening, after a long day at your lab, and your dog is
the first to greet you, please give him a scratch behind the ears
for me. He, or she, deserves it.

And then, tomorrow, first thing, let’s get to work on this
next great phase of cancer research.
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Epilogue

“My job is to prevent the future.”
Ray Bradbury

Raided by the “firemen” of the FDA
This particular June morning started out perfectly. It was a
gloriously sunny day, filled with promise. It was the day that
the sequencing supplies would arrive, and I was filled with
anticipation of what I would find in the canine tumor mRNA
samples stored in my deep freeze. Just the weekend before, my
children had gathered at my lab to celebrate my 66th birthday
— Sammy and Alex who lived with me, and Trevor, who had
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traveled up from Florida. I had been present for the birth of
each of my children, and now they were here to celebrate with
me the uncovering of the lex naturalis, and the concept of
species-specific mechanisms of tumor suppression. It felt good.

I was particularly happy on this day because my eldest son,
Alex, had received permission from his chairman in the biology
department at Temple (who, incredibly, had been a signatory on
my thesis some thirty-three years before!) to complete an
independent research project in my laboratory which he needed
to graduate. Alex is a budding neuroscientist, and we were
going to do a DNA sequencing project to understand the
molecular underpinnings of the role that adenosine receptors
play in ethanol-induced intoxication. I was so proud to be
helping him with this project. Little did I know as I pulled into
the parking lot at my lab, this dream was about to be crushed.

At this point in the lex naturalis story I still had not yet
pieced together all of the details of what I have described in this
book. Analysis of the tumor mRNA samples should tell me if
canine tumors were usurping for their own use parts of the
rudimentary form of the kill switch tumor suppression
mechanism in dogs. This would be very exciting, because if the
same thing happened in human tumors (I now know that it
does), reactivation of the kill switch with DHEAS should kill
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even developed tumors. Earlier in this book I gave the example
of steroid sulfatase, the enzyme that de-sulfates DHEAS (Dr.
Jekyl) into DHEA (Mr. Hyde) inside cells in which p53 had
been inactivated. I had isolated several of the RNA samples
from canine mammary tumors, and hoped to find steroid
sulfatase over-expressed in them. Such a finding would
represent a critical milestone in the application of my kill
switch tumor suppression discovery in the treatment of tumors
that had already developed. If human breast tumors showed the
same usurpation of steroid sulfatase (because the kill switch
had failed due to inadequate circulating levels of DHEAS), then
the DHEAS analog fluasterone sulfate might act as a magic
bullet in human breast cancer, driving metastases from them
into ROS-induced apoptosis. It was hard to contain my
excitement over all of these possibilities.

Some of my friends had warned that what I was proposing
would make me a target for everyone profiting from the
business of cancer, from Big Pharma to the FDA. But I had
laughed off their worries. Everyone should want to bring an end
to cancer. Who could possibly be against the normalization of
lifetime cancer risk from 40% to 4%? What I had uncovered
wasn’t a cure for cancer. It was better than a cure. It was
prevention. It would be insane to oppose it.
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Well, as it turns out, the world is insane. At least small,
aberrant parts of it are.

On this beautiful June day, as Alex and I walked toward the
front door of ACGT, we were suddenly surrounded by a heavily
armed contingent of FDA agents, seemingly jumping out of the
bushes, and from behind every tree. They descended upon us
from everywhere, about ten of them. I had no idea what was
going on, but we were soon told to sit on the sofa in the
vestibule of the lab, and not to move. Gestapo-like, they began
to collect everything from my lab— computers, external hard
drives, lab notebooks, the messengerRNA samples from my
deep freeze; everything. While they were stripping my lab of
everything I needed to do my research, a Fed Ex delivery man
arrived with the DNA sequencing reagents that I had ordered in
order to perform the transcriptome analysis on the dog tumors.
The FDA agents seized these reagents too, making sure that I
could not continue my research.

At one point I was taken into the back lab, and the agent
leading the invasion of my lab pointed to my DNA sequencer,
asking “what’s this?” I explained that it was a next generation
DNA sequencer that I was going to use to sequence the
messenger RNA isolated from the canine tumors in my deep
freeze. Then he pointed to the huge server that operated the
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sequencing programs, “and that?” I explained what it was.
“Take it,” he ordered one of his assistants, who apparently was
in charge of the IT part of their operation. “I’m not touching
that,” the assistant said, refusing the order.

I would later learn that the agent who led the raid had
conducted it without the knowledge of the Philadelphia FDA
office that I had been arguing with over the warning letter that
they had sent me. After the FDA raid on my laboratory, I had
immediately called the head of the endowment that had
provided the funding for the DNA sequencer, and they had
contacted and spoken to the person who had sent the warning
letter to me. This person told my funding agency that no action
had been taken against me — she had been kept in the dark
about the raid that agents of her own agency had planned and
executed.

In a bizarre twist to this story, bracketing the time that the
“firemen” were conducting their destructive raid on my
laboratory, two separate groups of FDA scientists were using
my work to advance their own research programs, citing my
work in their publications. One of these groups was working in
collaboration with scientists at MIT (Massachusetts Institute of
Technology), developing a high throughput assay of the global
DNA methylation status of drug-exposed cells, a platform
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based upon my discovery of drug-induced DNA
hypermethylation and the role it plays in cancer drug resistance:
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What kind of upside down, insane world have I found myself
in? While one section of FDA is relying on my published work
to advance their own research, and another section of FDA is
helping me enter my veterinary research into one of their
special programs, yet another section raids my lab and
confiscates my research materials so that further progress is
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impossible. This latter group is so thoughtless, acting without
any discernible conscience, that they probably cannot even
realize the harm that they have done. This is a war, after all, a
War on Cancer, and lives are at stake—both canine and human
lives. Lives have already been lost because of the delays in my
research caused by the raid on my laboratory by the firemen of
FDA. Were it not for their senseless action, I would already
have completed FDA clinical trials for canine cardiac
hemangiosarcoma (and possibly all four of the other veterinary
indications approved for special programs by the scientific arm
of FDA), and would be in clinical trials for human cardiac
angiosarcoma . How will the FDA bureaucracy be held to
account if triggering the kill switch works as well in human
cardiac angiosarcoma as it does in the identical disease in dogs?
The delay that they caused by the confiscation of my research
materials will then be proven to actually have killed people—
hundreds of people here in the United States, perhaps thousands
worldwide. Will they remain oblivious, conscienceless even
then? Probably. And imagine the different, better world that we
will all be living in if pharmacological maintenance of DHEAS
normalizes lifetime cancer risk in humans and dogs. If the lex
naturalis is correct— and there is so much suggesting that it is
— and maintaining DHEAS levels throughout the modern
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lifespan normalizes human cancer risk to 4%— you may be
spared the cancer diagnosis that you would otherwise have
received. Over time, hundreds of millions of people would be
spared such a diagnosis. But there will also be those of you who
may now receive an unnecessary cancer diagnosis— a
diagnosis brought about by the delay of my research caused by
the seizure of my research materials.

* * *

As a bin filled with my notebooks was carried out and loaded
into one of the FDA police vans, I realized that these cops were
in actuality “firemen” right out of Fahrenheit 451 , Ray
Bradbury’s story about a despotic government’s response to
dangerous new ideas. Fahrenheit 451, of course, refers to the
temperature at which paper burns. In Bradbury’s work, it was
the job of “firemen” to seize and burn all books, because books
contain ideas, and new ideas are dangerous to the status quo . I
felt like my son and I had somehow been transported to the
world of Fahrenheit 451 , and these “firemen” were here to
seize my books, pile them into a great bonfire and burn them to
cinders. My ideas were too combustible. They posed a threat to
the established order. They had to be destroyed, and these
“firemen” were here to do just that; to destroy them. They were
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here to make certain that my ideas would never see the light of
day. They were here to make sure that I could not trouble the
people with my heretic, unsettling notions. These “firemen”
were here to maintain the status quo .

Give the people contests they win by remembering the
words to popular songs or the names of state capitals or
how much corn Iowa grew last year. Cram them full of
noncombustible data, chock them so damned full of
‘facts’ they feel stuffed, absolutely ‘brilliant’ with
information. Then they’ll feel they’re thinking, they’ll
get a sense of motion without actually moving. And
they’ll be happy, because facts of that sort don’t change.
[Facts of that sort are harmless. They pose no threat to
the status quo . Facts of that sort, Montag, are the
opposite of combustible. They are the only ones the
people should be permitted to know.]”
Ray Bradbury, Fahrenheit 451

This strike against me by the “firemen” of FDA was designed
to cripple my ability to continue my research. Research
materials that took years to collect— the canine tumor RNA
samples from my deep freeze— are essentially irreplaceable.
Even if the “firemen” gave them back, they would be in
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unusable condition. The scientific division of FDA still appears
to be behind me, helping me, approving my requests for entry
into special clinical programs. But the “firemen” from the other
half of the same agency have effectively destroyed my ability to
continue my research; at least for the moment. I have written
this epilogue in a last-ditch effort to bring my combustible facts
to you.

What I have uncovered is a threat to the status quo . It does
criticize the FDA, and the path that the FDA has forced cancer
research to travel down. It is combustible to the business of
cancer. To test it clinically will completely disrupt the status
quo of cancer research, for many years into the future. But the
combustible facts that I have uncovered are true facts, and they
point out extreme danger—the ice burg is straight ahead, and
we will strike it if what is now the Titanic ship of cancer
research is not turned around, re-directed by the lex naturalis .
If the discovery described in this book can be brought to bear
against human cancer, and it successfully “normalizes” cancer
risk in our species, that would represent a death knell to the
business of cancer. And to the user fees collected by the FDA
on that business. That is why these “firemen,” these hit men,
raided my laboratory. But the FDA was never intended to act as
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hit men in the interests of Big Pharma— or even in their own
interests.

I am a veteran soldier in the War on Cancer, and, as
unlikely as it may seem to the businessman of cancer, and the
businessmen of the FDA, I have made what could very well be
the discovery that removes cancer from the list of common
diseases. The only way to know for sure is to do the clinical
trials that I had been pushing towards before the raid on my lab.
I hope that you will get behind me as I push this discovery
forward through the obstacles that have been put in front of me.
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reported in chapter 11. Because of the variability in purity of DHEA
on the supplement market, we purchased micronized (200 mesh)
DHEA in bulk quantitites from PureBulk, Inc ., a distributor located in
Roseburg, Oregon, and always requested a Certificate of Analysis
(COA) to assess batch purity.
Commercial use of this protocol is prohibited, and is protected by our
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www.ACGT.us. Subsequently, when I realized the full potential of the
discovery that I was about to make— for both canines and humans
with cancer— I changed the name of the company to ACGT Biotech,
using the same web address.
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