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Infrared camera 

Breast thermogram 

    (A)          (B) 

Temperature time series 



Thermal features are divided into signs and criteria based upon the statistical association with established breast 
disease.  
 
Thermology signs are: 
•  Asymmetric and hyperthermic vascular patterns;  
•  Focal patterns of +2.5° C differential;  
•  Asymmetric and atypical complexity of a vascular pattern;  
•  Asymmetric and diffusely hyperthermic (+2° C differential) patterns involving the peri-areolar area or entire 
breast;  
•  Localized heat along an abnormal physical contour (edge sign);  
•  Lack of an adaptive response to an autonomic challenge procedure.  
 
Thermology criteria are: 
•  Anarchic or complex vascular features;  
•  Hyperthermic focal patterns greater than 3° C differential;  
•  Asymmetric and abnormal complexity of a vascular pattern;  
•  Asymmetric and abnormal physical contour of more than one quadrant of a breast;  
•  Any combination of the thermology signs.  
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Cancer   <!>=1.09±0.01 
Opposite  <!>=1.14±0.01 
Healthy   <!>=1.14±0.01 
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Why don’t we get more cancer? A proposed 
role of the microenvironment in restraining 
cancer progression
Mina J Bissell & William C Hines

Tumors are like new organs and are made of multiple cell types and components. The tumor competes with the normal 
microenvironment to overcome antitumorigenic pressures. Before that battle is won, the tumor may exist within the organ 
unnoticed by the host, referred to as ‘occult cancer’. We review how normal tissue homeostasis and architecture inhibit 
progression of cancer and how changes in the microenvironment can shift the balance of these signals to the procancerous state. 
We also include a discussion of how this information is being tailored for clinical use.

“We find ourselves at the present time in the era of molecular biology, 
and we are perhaps unduly influenced by the genetic code as the dominant 
principle in biology. Perhaps, in a decade or two from now, the dominant 
principle may shift to another plane, which in turn will influence our 
speculations about tumour causation.”1.

—Isaac Berenblum

Recently, we informed a sample of colleagues who are not oncologists 
(n = 9) that many humans harbor potentially malignant tumors in their 
bodies without knowing it. Several were taken aback, but one said “very 
interesting; so why don’t we know more people with cancer?” Why not 
indeed?

Here we discuss research findings over the past century providing 
reasonable, and at times unequivocal, evidence that many people do 
have ‘occult’ tumors. Why they had not progressed to frank cancer has 
remained a mystery, and the body of research literature provides few 
answers. We suggest that the microenvironment surrounding the tumor 
in these cases provides tumor-suppressive signals as long as the architec-
ture of the tissue homeostasis is essentially controlled. However, once tis-
sue homeostasis is lost, the altered microenvironment can itself become 
a potent tumor promoter, as amply demonstrated in recent research. We 
suggest that initiation of tumors is unavoidable, but their progression to 
malignancy can and should be controllable.

Genetic predispositions affect how humans age, but these are not 
absolute; lifestyle choices can help determine how long and how well 
the process can be delayed. We are optimistic that in the next quarter 
century advances in the rapidly expanding and exciting area of study 
of the normal microenvironment and lifestyle choices field will lead 

to revolutionary improvements in all aspects of cancer biology, from 
understanding progression to diagnosing and treating patients.

Camouflaged: the occult cancers
The human body is comprised of approximately ten trillion cells2. From 
the moment of conception and throughout life, these cells are assailed 
with radiation, oxidative damage and more. Individuals’ own genetic 
susceptibility, damage from cigarette smoke and pollution, lack of exer-
cise, obesity and, of course, aging itself can cause many oncogenes to 
get activated and many tumor suppressors to be inactivated. Yet these 
mutated cells that, according to current dogmas, should lose control and 
become autonomous do not seem to form as many cancers as would be 
expected from the number of harmful mutations. In fact, the majority 
of people live cancer-free lives for decades.

How is this possible? Considering the trillions of cells in the human 
body and the number of possible mutations that can or do occur and the 
ensuing genomic instability, the ability to restrain the aberrant growth 
and behavior of precancerous cells is an astonishing feat of evolution-
ary biology.

There are studies dating back nearly a century and now being redis-
covered (for example, ref. 3), or added to, suggesting that precancerous 
lesions, and malignant tumors themselves, may be much more prevalent 
within an organism than has been thought previously. In these cases, 
ignorance is indeed bliss. These tumors, at their very earliest stages, 
have so far been found only by a thorough microscopic investigation of 
organs, typically at autopsy. It is not known how many of these would 
eventually have become frank malignant tumors. This finding was first 
documented in the prostate by Arnold Rich in 1935 (ref. 4) (the recently 
reprinted paper can be found in ref. 5). Upon routine examination of 
random sections of autopsied prostate tissues from men who had died 
of unrelated causes, Rich observed frequent “small carcinomata” in the 
earliest stages of prostate cancer. The frequency of these frank prostate 
tumors was quite high; they were present in 42 of 292 (14%) prostate 
specimens. Because only a single microscope slide per prostate was 
archived and available for analysis, Rich argued that the frequency was 
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Bissell repeated the experiment by injecting RSV into the wings of early 
chick embryos that were specific pathogen free, the embryos developed 
normally despite the presence of the active oncogene31. However, when 
these same embryonic wings were removed from the embryo and dis-
sociated, they quickly (overnight) showed the transformed phenotype 
in a culture dish31,32. These experiments showed clearly that the embry-
onic microenvironment could indeed override the ability of even potent 
oncogenes to cause malignant transformation. However, this inhibition 
was not absolute: as the embryos got closer to hatching and the microen-
vironment of the transduced oncogene changed, blood vessels and other 
tissues showed signs of aberration and disintegration32. Two corollary 
questions can be raised from these studies. First, how does the early 
embryo protect against the overt and active oncogene? Second, why 
would, even in the chicken, the RSV tumor induced by wing injection 
grow to kill the host with usually no additional tumors elsewhere—
despite the abundance of circulating virus in the blood? Answers to these 
questions seem to be related to the role of the inflammatory response in 
oncogenic transformation even in the case of the RSV-induced tumors in 
the chicken25. In subsequent experiments it was shown that some form 
of injury or wounding was necessary to promote tumor formation, even 
in the adult chickens. We identified the active molecule in wounding 
responsible for ‘promotion’ of RSV infection to full-blown tumors to 
be transforming growth factor-  (TGF- )33, a surprising finding at the 

time, as this molecule has a different role in 
normal tissues as a suppressor of growth. This 
finding showed that when there is an initiating 
event such as a hit by a potent oncogenic virus, 
the physiological processes that help regulate 
homeostasis (such as wound healing and TGF-

) can become agents of destruction. However, 
everything is context dependent, as demon-
strated beautifully in another study from the 
laboratory of Hal Moses, where in crossbreed-
ing experiments involving the production of 
mice carrying transgenes encoding mouse 
mammary tumor virus (MMTV)–TGF- 1 
and MMTV–TGF- , they observed a marked 
suppression of mammary tumor formation, 
and the resulting hybrid mice were resistant 
to 7,12-dimethylbenz[a]anthracene–induced 
mammary tumor formation.

That context indeed matters had not been 
lost to some of the scientists in the field in 
the 1970s. There were a number of notewor-
thy papers by Barry Pierce34,35 and Leroy 
Stevens36,37, showing that the presence of 
normal cells can suppress the behavior of 
tumor cells. In 1974, Ralph Brinster reported 
a potentially important finding where 1 in 60 
mice, that had been implanted with blastocysts 
containing teratoma cells delivered progeny 
with some traits of the teratoma of origin38. 
However, in two provocative papers39,40, 
Beatrice Mintz and Carl Illmensee reported 
that although teratocarcinoma cells from an 
agouti mouse obtained from Stevens’s labora-
tory36 could form tumors in the flanks of 129/
SV mice, when these cells were instead placed 
in the blastocyst of a pseudopregnant nona-
gouti (C57BL/6) mouse, the offspring showed 
many of the traits of the parental tumor cell and 

yet remained perfectly normal and tumor free. Further, they reported 
that the second mating with another nonagouti mouse was a complete 
agouti hybrid, indicating that the tumor cells were in the germ line and 
that the F1 progeny were ‘completely normalized’. A more recent related 
study, from the laboratories of Rudi Jaenisch and Lynda Chin41, using 
similar techniques reported the transplantation of nuclei from leuke-
mia, lymphoma and breast cancer cells into enucleated oocytes. These 
progeny showed limited plasticity in their early embryonic behavior: 
although all could progress to the blastocyst stage, none could produce 
embryonic stem cells.

Additional evidence for the role of the stromal microenvironment in 
influencing, or even instructing, the abnormal epithelia to become dif-
ferentiated was provided by Gerry Cunha and his collaborators, among 
others42,43. More recently, engineered animals and three-dimensional 
culture models have made it possible to unequivocally show such plas-
ticity and tracking in the same population of cells and the mechanisms 
by which microenvironmental signals, including the embryonic envi-
ronment, ECM and tissue architecture, could lead to tumor cell rever-
sion. With the advent of a versatile three-dimensional assay from the 
laboratories of Ole Petersen and Bissell, in which normal and malignant 
cells could be distinguished rapidly and robustly44, a systematic study 
became possible when human breast cancer cells in three-dimensional 
laminin-rich gels were shown to ‘revert’ to a near normal phenotype45. 
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Figure 1  The normal tissue microenvironment acts as a barrier to tumorigenesis. Under conditions of 
normal tissue homeostasis, the microenvironment exerts suppressive forces to keep occult tumors in 
check (bottom left in graph). But the microenvironment can also be permissive to tumor growth, and 
the combination of mutagens, inflammation, growth factors and other tissue-associated promotional 
forces can breach the barrier to tumor formation, resulting in full-blown cancer (top right).

R E V I E W

T chit e
T

T
s

essiv ces ces

hite e

e te s!)

osis
T ed

ot s
OS
o to

s

T



!"#$
%&'()*+,$
$
$
()*+'&'()++$
$
$
-./0.$$
%&1()++,$



!"#$
%&'()*+,$
$
$
()*+'&'()++$
$
$
-./0.$$
%&1()++,$

;".6+&(-"#<2+(



S(

RS(

TS(

US(

KS(

XS(

VS(

YS(

WS(

dSPKX( SPKX0SPXX( eSPXX(

YU(

V(

TR(

23
45
36

78
93
$

&:4;7$%&,$

<36=96$>$%/?*@$63=9ABC4;,$

S(

RS(

TS(

US(

KS(

XS(

VS(

YS(

WS(

dSPKX( SPKX0SPXX( eSPXX(

KR(

X(

XK(

23
45
36

78
93
$

&:4;7$%&,$

<36=96$D$%/?+E$63=9ABC4;,$

S(

RS(

TS(

US(

KS(

XS(

VS(

YS(

WS(

dSPKX( SPKX0SPXX( eSPXX(

TU(

XV(

TR(

23
45
36

78
93
$

&:4;7$%&,$

F86534$$$$%/?G*$63=9ABC4;,$


