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I’m not going present any answers 
or, for that matter, any of our own 

data. 

As I stand in the ashes of the PSOCs 
I’m going to talk about what I am 
thinking about right now about the 
origins of cancer, and what I think 
we are doing wrong. That includes 

me.



(A)  Cancer  is 90% environmentally 
caused: Preventable in many cases. 

(B) It is not initially a genetic 
problem. We are missing the point. 

(C) Stop doing experiments with 
cancer cells. Misses the point. 

Note: does not necessarily represent the official views 
of the National Cancer Institute or the National 
Institutes of Health. 



I) Cancer  is 90% environmentally caused. 



1) 50% is easy: smoking kills.  Lung 
cancer used to be quite rare, now it 
is #1, and 95% preventable, 10% 
curable.



The tobacco industry, which is responsible 
for about 50% of all cancer mortalities in 
the US, is a $100 billion/yr business.  

Note that the tobacco industry advertising 
and promotional budget is $8.4 billion/yr, 
almost x2 entire NCI budget. 

This is totally insane. 

Alas, China going down the same crazy 
road, and will pay a terrible price. 



2) Many cancers appear to be highly 
environmentally linked and not 
spontaneous.

epidemic.60 The United States is among the few coun-
tries that have yet to ratify the treaty.
Prostate Cancer

Prostate cancer is the second most frequently diag-
nosed cancer and the sixth leading cause of cancer

death in males, accounting for 14% (903,500) of the
total new cancer cases and 6% (258,400) of the total
cancer deaths in males in 2008 (Fig. 2). Incidence
rates vary by more than 25-fold worldwide, with the
highest rates recorded primarily in the developed
countries of Oceania, Europe, and North America
(Fig. 7), largely because of the wide utilization of pros-
tate-specific antigen (PSA) testing that detects clini-
cally important tumors as well as other slow-growing
cancers that might otherwise escape diagnosis. In con-
trast, males of African descent in the Caribbean region
have the highest prostate cancer mortality rates in the
world, which is thought to reflect partly difference in
genetic susceptibility.61,62

Temporal trends in incidence rates in countries with
higher uptake of PSA testing such as the United
States, Australia, Canada, and the Nordic countries
followed similar patterns.63,64 Rates rose rapidly in the
early 1990s, soon after the introduction of PSA test-
ing, followed by a sharp decline due to a smaller pool
of prevalent cases. In other high-income countries
with a low and gradual increase in the prevalence of
PSA testing, such as Japan and the United Kingdom,
rates continue to increase slightly.63

Death rates for prostate cancer have been decreas-
ing in many developed countries, including

FIGURE 5. Age-Standardized Colorectal Cancer Incidence Rates by Sex
and World Area. Source: GLOBOCAN 2008.

FIGURE 6. Age-Standardized Lung Cancer Incidence Rates by Sex and
World Area. Source: GLOBOCAN 2008.

FIGURE 4. Age-Standardized Breast Cancer Incidence and Mortality
Rates by World Area. Source: GLOBOCAN 2008.
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Australia, Canada, the United Kingdom, the United
States, Italy, and Norway in part because of
the improved treatment with curative intent.63,65,66

The role of PSA testing in the reduction of the pros-
tate cancer mortality rates at the population level
has been difficult to quantify. A large US-based
randomized trial on the efficacy of PSA testing in
reducing mortality from prostate cancer found no ben-
efit,67 while another similar European-based trial
found a modest benefit.68 Differences in study design,
sample size (statistical power), follow up, and possible
contamination of controls may have contributed to the
different findings between these 2 studies. In contrast
to the trends in Western countries, incidence and mor-
tality rates are rising in several Asian and Central and
Eastern European countries, such as Japan.63,65 Older
age, race (black), and family history remain the only
well-established risk factors and there are no estab-
lished preventable risk factors for prostate cancer.69

Stomach Cancer

A total of 989,600 new stomach cancer cases and
738,000 deaths are estimated to have occurred in 2008,
accounting for 8% of the total cases and 10% of total
deaths (Fig. 2). Over 70% of new cases and deaths
occur in developing countries. Generally, stomach can-
cer rates are about twice as high in males as in females

(Table 1). The highest incidence rates are in Eastern
Asia, Eastern Europe, and South America and the low-
est rates are in North America and most parts of Africa
(Fig. 8). Regional variations in part reflect differences
in dietary patterns, particularly in European countries,
and the prevalence ofHelicobacter pylori infection.70

Stomach cancer rates have decreased substantially
in most parts of the world,71 in part due to factors
related to the increased use and availability of refriger-
ation including the increased availability of fresh fruits
and vegetables, and a decreased reliance on salted and
preserved foods. Other major determinants for the
favorable trends are reductions in chronic H. pylori
infection in most parts of the world72-74 and smoking
in some parts of the developed world.71 In Japan, mor-
tality rates may have declined via the introduction of
screening using photofluorography,75 which may have
also contributed to the persistently high incidence
rates in the country.

Liver Cancer

Liver cancer in men is the fifth most frequently diag-
nosed cancer worldwide but the second most fre-
quent cause of cancer death. In women, it is the
seventh most commonly diagnosed cancer and the
sixth leading cause of cancer death. An estimated
748,300 new liver cancer cases and 695,900 cancer

FIGURE 7. Age-Standardized Prostate Cancer Incidence and Mortality
Rates by World Area. Source: GLOBOCAN 2008.

FIGURE 8. Age-Standardized Stomach Cancer Incidence Rates by Sex
and World Area. Source: GLOBOCAN 2008.
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Malignant Melanoma (C43): 2008 Estimates 
World Age-Standardised Incidence Rates per 100,000 Population, World Regions

World Region Male Female
Australia/New Zealand 41.8 32.1
Northern America 15.8 12.5
Northern Europe 12.3 13.4
Western Europe 10.6 12.0
Southern Europe 6.5 6.5
Southern Africa 7.7 4.2
Central and Eastern Europe 4.4 4.3
World 3.1 2.7
South America 2.1 1.8
Eastern Africa 1.7 2.0
Middle Africa 1.7 1.4
Central America 1.5 1.5
Western Asia 1.5 1.2
Western Africa 1.2 1.1
Caribbean 0.7 0.6
South-Eastern Asia 0.6 0.5
Northern Africa 0.4 0.3
Eastern Asia 0.3 0.3
South-Central Asia 0.2 0.2

Please include the citation provided in our Frequently Asked Questions when reproducing this chart: http://info.cancerresearchuk.org/cancerstats/faqs/#How 
Prepared by Cancer Research UK
Original data sources:
Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM GLOBOCAN 2008 v1.2, Cancer Incidence and Mortality Worldwide: IARC CancerBase No. 10 
[Internet]. Lyon, France: International Agency for Research on Cancer, 2010. Available from: http://globocan.iarc.fr. Accessed May 2011.

Mad dogs 
and  

Englishmen 
go 

out in the 
noon-day 

sun.





I believe these 客家 women are picking tobacco 
leaves. This called “irony”.



That’s a Modest Proposal, but I am 
being as satirical as Jonathan Swift, 
because it Will Not Happen. 

This is because of the Medical-
Industrial Academic Complex, where 
cancer is a huge 130 billion dollar 
a year business. 

There is far too much money at 
stake to expect us to do the obvious: 
PREVENT CANCER, not CURE IT.



End of Screed



B) Cancer is not initially a genetic 
problem.  It is a protein problem. 



Deinococcus radiodurans: bacteria 
that can take 7,000 Gy dose. Lethal dose 
for humans is 8 Gy! Nothing magic about 
the DNA, it gets shredded.  The magic is in 
the proteins that REPAIR the DNA damage. 
Proteins are minding the store.



D. radiodurans is fully capable of 
repairing DNA lesions as long as the 
complex DNA repair proteins are 
functional. 

I believe that in a “healthy” cell that 
the genome can be maintained in an 
undamaged state as long as the DNA 
repair proteins are functional. 

If you damage the repair proteins, 
then genomic damage begins. 



So, cancer emerges from a damaged proteome, 
not a damaged genome. 

I am beginning to think that Cyrus Leventhal 
did NOT find a paradox: 

(Large) proteins CANNOT fold graciously. 

Perhaps the physicists have been wrong, (large) 
proteins CAN’T fold into active conformations 
at thermodynamic time scales, OR the 
functional state is non-thermodynamic.



The Protein Folding “Problem”: Not Even Wrong 
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The irony is that the spin-glass hamiltonian has 
no unique ground state because of frustration.

None of these correspond to reality





Fundamental questions: 
(A) Can large proteins really fold? That is, can they 

truly find the functional subset of the 
conformational distribution on a biologically 
relevant timescale?  Ever? 

(B) Are chaperones absolutely essential, and who then 
folds the chaperone proteins? 

(C) How can we experimentally characterize the 
functional state of the proteome, the landscape of 
generically folded, functionally folded, and 
aggregated proteins? 

   (D) How is the emergent complexity of the functional       
proteome connected to the state of the organism? 



So: cells respond to stresses, like heat shock or 
oxidative agents, which lead to protein 

aggregation, by activating the protein quality 
control (PQC) and attenuating translation. 

 The PQC consists of molecular chaperones and 
degradation systems and is an essential player of 

the proteotoxic stress response.  

To minimize protein aggregation, chaperones assist 
protein folding; when this is not effective, 

chaperones assist in targeting damaged substrates 
for clearance



Screening for direct DNA 
mutagens rather than 
cross-linkers of misfolded 
proteins misses the point.   

We should be screening for  
loss of chaperone re-folding 
function. 





III. Stop doing experiments with cancer 
cells. Misses the point. Work with 
precancerous cells and seek prevention of 
protein damage/regression to functional 
proteome.



1) We do not understand the progression 
that environment causes in the 
induction of genetic lesions via the 
failure of DNA repair proteins. 

2)  Take “normal’’ cell metapopulations on 
some sort of a complex stress landscape 
and map out first the time scale of 
protein damage and then the beginnings 
of genomic lesions: emergent cancer.



ROS stress, generated by oxidative glycolysis 
byproducts, irreversibly damages proteins due to the 
formation of carbonyl bonds within the protein, 
and between proteins. 

Protein carbonyl bonds between amino acids is then 
the critical first stage.  Carbonyl bonds, particular 
between the amino acids  proline, arginine, lysine, 
and threonine result in dysfunctional proteins, and 
cross-linked proteins. 



2D gel analysis of carbonylated proteins from 
 liver ER/mitochondria of young and aged mice.
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Figure .31: Transmission electron micrograph of an occulsion body in a bacterium. During synthesis at 37C, tail-
spike polypeptides containing temperature-sensitive folding mutations aggregate quantitatively in the cytoplasm
of host E. coli cells. The aggregated polypeptide chains accumulate as electron-dense inclusion bodies visible at
one or both poles of the cells in these electron micrographs. The scale bar is 200 nm.Occlusion bodies in bacteria due to  

build-up of misfolded proteins.



There is a related, very strange kind 
of nanoscale assembly that forms in 
mammalian cells under stress called 

stress granules. 

Stress granules are about 100 nm in 
diameter, they consist of mRNA-

protein aggregates and are induced 
during stress. 

They accumulate in many 
neurodegenerative diseases, and in 

cancer.   



Stress granules are transient, intracellular, dense 
aggregations of proteins and RNAs that accumulate 
as a stress response, protecting cells from apoptosis. 

http://www.zmbh.uni-heidelberg.de/stoecklin/



The Protein Quality Control (PQC) 
network may survey and/or assist in 

stress granule dynamics.  

However, it is currently unknown whether 
the PQC actively participates in stress 

granule assembly.  

It is known that inhibition of autophagy 
is connected stress granules, and that 

radiotherapy, which is used in 50% of all 
cancer patients, also results in the 

generation of stress granules.



I think understanding 
the origins of cancer will be 
accomplished by assaying the 
proteome, not genome, of  complex 
3-D ecologies of normal cellular 
communities under conditions of 
environmental stress.  

In particular, generating stress 
granules, extracting cells that have 
stress granules and analysing the 
contents of the stress granules.



IV.  Plans for the Future



Construct complex, 
metapopulation microecologies 
with high ROS stress gradients 

to drive forward the accumulation 
of misfolded protein populations 
within cells and cells adapted to 

the dysfunctional state





Develop single-cell microfluidic 
techniques to analyze the proteome 
contents of single cells extracted 

from a complex ecology.



With Nader Pourmand, UC Santa Cruz



V. Conclusions



In a sense, cancer not a disease. 

1) 90% of cancers are due to our own 
environment: self inflicted for many 
cases. We could do much more prevention. 

2) The origins of cancer lie deeper than 
genetic damage: accumulation of 
misfolded proteins. Chasing the wrong 
dog, after the damage is done.





Since we are obsessed with 
“curing” cancer as a genetic 
problem rather than preventing 
cancer from it’s misfolded 
protein origins driven by  
the environment, we have a 
good business but bad science. 



THANKS!!


