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Presentation Notes
Neoplastic progression is a complex topic, especially if one considers not only the factors that initiate the event, but also what is known about how the malignant tumor progresses and spreads.  To present this information in a logical manner this module will concentrate on five large segments:  Historical perspectives, Initiation and Promotion, Precancer, Invasion and Metastatic Disease, and the Cancer Initiating Cell (Stem Cell).  Let us begin by first defining what is meant by “Neoplastic Progression”.



WHAT IS NEOPLASTIC PROGRESSION

• Historical Background: Empirical evidence 
has always suggested a neoplastic progression 
from relatively benign to invasive to 
metastatic disease.

1. What initiates neoplasia? (INITIATION)
2. How does it progress? (PROMOTION) 
3. How does it spread? (METASTASIS)
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Empirical evidence always has suggested a neoplastic progression from relatively benign to invasive to metastatic disease. The hope has long been that early detection of potentially lethal conditions can lead to cure and/or prevention. This is the basis for the emphasis on early cancer or “precancer.” The key questions have been: What initiates the neoplastic event?, What are the factors that allow the tumor to progress (Promotion) from atypic to frank malignancy? and What are the conditions that induce the mass to metastasize”? These are the issues that will be investigated in this presentation.







NEOPLASTIC PROGRESSION

Epigenetic Reprogramming Evolutionary Selection:
eG-P Cone





Tumor-section images of 29 patients in an independent cohort were used to test the 
predictive power of our algorithm. In the test cohort, 6 (out of 29) patients who belong to 
the poor outcome group were all correctly identified by our algorithm; for the 23 (out of 
29) patients who belong to the good-outcome group, 17 were correctly predicted with
some evidence that improvement is possible if other measures, such as the grade of
tumors, are factored in. Our approach does not involve arbitrarily defined metrics and
can be applied to other types of cancer in which the abundance/location of CD8C T
lymphocytes/other types of cells is an indicator of prognosis.

Front Physiol. 2020; 11: 511071.Published online 2020 Sep 23. doi: 10.3389/fphys.2020.511071
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Epigenetic Reprogramming











TNBC namely Basal-like 1 (BL1), basal-like 2 (BL2), immunomodulatory (IM), mesenchymal (M), 
mesenchymal stem-like (MSL) and luminal androgen receptor (LAR)

TP53

PI3KCA





Candidate Hypotheses

• Epigenetic Reprogramming

• Evolutionary Adaptation (Predeterminism)
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Our Clinical History:
The limits of inferential Logic



WORD “PRECANCER”: FIRST USED AND DESCRIBED IN 1913
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Presentation Notes
I want to remind you of our past history. The “Start” of cancer is inititialy observed in the In-situ or precancer stage. First recorded in English by James Ewing and…
The first use of the word and description of “Precancer” in the English literature appears in 1913 in a paper presented by James Ewing.  Ewing himself gave credit for the term to Orth.  Orth was Virchow’s successor in Berlin and a mentor to Ewing.  This paper explicitly uses breast (red ellipse) and colon cancer as the examples of precancer.



Normal Human Cervical 
Cells

Malignant Human Cervical 
Cells

Papanicolaou, G. New Cancer Diagnosis. Proceedings 
Third Race Betterment Congress, 1928. p. 528.

73% 
REDUCTION
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The Pap Smear is a cytological examination. George Papanicolaou discovered that he could detected malignant cells with cytology in 1928. He then collaborated with Herbert Traut to correlate the cytology with histology.  

That is, whole cells are obtained by smearing the cervical surface.  These cells are then placed on a slide and stained.  Papanicolaou’s studies formed the basis for the whole field of cytological diagnostics.  Even though the images illustrated here are of different magnifications, the difference is noticeable between the nuclear to cytoplasmic ratios in the normal cells (on the left), and the malignant cells (on the right).  Note also the numerous PMN in the images.



Cervical Precancer
Progression

Normal

CIN I

CIN II

CIN III

CANCER (Invasion)

George Papanicolaou

G.N. Papnicolaou, H.F. Traut
The diagnostic value of vaginal smears in carcinoma 
of the uterus
Am. J. Obstet. Gynecol., 42 (1941), pp. 193-224
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1928 George Papanicolaou reported that he could observe the progression of cervical cancer in cytological preparations and histology. It was a logical step forward. He clinically validated his fobservations with Herbret Traut a Pathologist in 1941. The rest is history, The PT smear reduced death from cervical cancer by 70%.

The cancer begins in small low grade lesion and progresses with time to invasive carcinoma. It was a clear-cut origin and logical progession This lead to…

One of the best illustrations of precancer progression is probably illustrated by cervical precancer progression. The H&E stained sections illustrated here demonstrate the morphological progression from normal (top image) through increasing atypia as the CIN (Cervical Intraepithelial Neoplasia) numbers progress from CIN I to CIN III and on to invasion.  Smears taken from the cervix to isolate some surface cells will illustrate the atypia that is seen in the sections..  This procedure called the PAP smears was named for George Papanicolaou, the physician who proposed this life-saving test.  Some stained cytologies of cervical smears will be seen subsequently.  The use of PAP smears has resulted in marked reduction in the incidence of invasive cervical carcinoma, and (with proper screening and treatment) the virtual elimination of cervical cancer deaths.
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The American Cancer Society campaign of early detection of the cancer and/or the precancer. The logical progression was then sought in other malignancies with the hope of similar reduction in cancer mortality.





L.L. Foulds’ Six Principals:
PROGRESSION

1. Independent Progression of tumors
2. Independent Progression of characters
3. Progression is Independent of growth
4. Progression is continuous or discontinuous by gradual change 
or by steps.
5. Progression flows one of alternate paths of development

a) Different paths leading to different end-points
b) Different paths leading to similar end –points

6. Progression does not always reach an end-point within the 
life-span of the host

1954



NORMAL TDLU DCIS

PROGRESSION OF THE NORMAL TDLU TO CARCINOMA AS DEPICTED IN 1973

Wellings, S.R and Jensen, H. M. On the Origin and Progression of Ductal Carcinoma in the Human
Breast .  JNCI, 1973, Vol 50,  pp 1111 -1118.
Foulds, L. Neoplastic Development 1975. Academic Press, London

ALA I

ALA II

ALA III

DCIS
IBD

Morphological Continuum
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In order to identify lesions, S.R, Wellings and H. Jensen used the, by then, well established concept of a morphological continuum between normal and cancer.  The pair of images in the lower left illustrate a sub-gross image (upper) from a  normal human mammary gland terminal ductal lobular unit (TDLU).  Below this image is a H&E stained section, also of the normal terminal ductal lobular unit.   As shown in the middle of the illustration,  the precancer progresses with time from an initial stage of mild (Grade 1) to more severe (Grade 4), and on to invasive carcinoma.  The “proof” supporting this view of progression was the observed association of cancer with putative precursor lesions.  However, in the case of breast cancer, more in-situ lesions are found in the patient’s breasts than cancers.  The images on the lower right show a sub-gross mammary gland section with DCIS (ductal carcinoma in situ) and below it is an H&E stained section of the same tissue, also showing the DCIS.  Like Apolant’s mice, scores of foci appear in humans with only one tumor.  These concepts, which were developed by studying the natural history of cancer in mice and men, came before the modern era of molecular oncology.  They are reviewed and discussed in exhaustive monographs by Leslie Foulds  entitled “Neoplastic Development” (1975).  However, before discussion of modern hypotheses, we will briefly review the historical foundations of our current concepts.



• “Multi-hit” hypothesis

Fearon, ER and Vogelstein, B:  Cell. 1990, 61:759-767

“Vogelgram”

Stepwise Molecular Progression:
Transformation

Growth

Invasion

Metastasis
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Armed with modern technology and the current biological concepts we return to current interpretations of neoplastic progression.  Potentially precancerous lesions have now been identified in almost every organ. The gastroenterologists have long recognized that certain types of polyps are precursors to colon cancer.  Some hereditary forms of colon cancer have multiple polyps. 
In the wake of finding oncogenes and tumor suppressor genes, neoplastic progression obviously seemed to be caused by the sequential acquisition of genetic hits and morphological traits.  E.R. Fearon and B. Vogelstein described a series of molecular changes that potentially mapped to each stage of morphological progression. This is popularly called a “Vogelgram”.  Tumor heterogeneity could be ascribed to the rapid evolution of subpopulations emerging as the result of other genetic hits (Clonal Expansion).




From:   Burstein et al. NEJM 350(14) 1430-41.
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K. Polyak and B. Bernstein tried to provide a similar map of molecular progression in human breast cancer but found their theoretical scheme flawed by the fact that they could find no case-to-case specific pattern.




Early Detection Based on Cellular Phenotype
Reinforced by Molecular Type

HOWEVER



Cervical Precancer 
Progression

Normal

CIN I

CIN II

CIN III
CANCER (Invasion)

Low Risk HPV Type Infection

High Risk HPV Type Infection
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The discovery of the Human Papilloma Virus (HPV) led to the realization that the most important risk factor in human cervical cancer was not the presence or absence of cervical dysplasia but the presence of high risk serotypes of HPV.  Other examples can be cited, such as p53 and bladder cancer.  In neither case, a sequential morphological progression of the lesions can be validated. You either have the co-factor or not!  As the tools improved, the situation was clearly becoming more complicated.  More and more genes are being identified that are involved in cancer. 



High Risk HPV Type Infection

Cervical Precancer 
Progression

Normal

CIN I

CIN II

CIN III
CANCER (Invasion)

Low Risk HPV Type Infection

CIN 1

CIN 2

CIN 3

CaCx
ICD

Morphological Continuum

Papanicolaou
1929
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The discovery of the Human Papilloma Virus (HPV) led to the realization that the most important risk factor in human cervical cancer was not the presence or absence of cervical dysplasia but the presence of high risk serotypes of HPV.  Other examples can be cited, such as p53 and bladder cancer.  In neither case, a sequential morphological progression of the lesions can be validated. You either have the co-factor or not!  As the tools improved, the situation was clearly becoming more complicated.  More and more genes are being identified that are involved in cancer. 





Granting the philosophical merits of the concept
of biologic predeterminism, it is the author's firm
belief that, should this concept become widely
known and accepted, the already deeply rooted
pessimism prevalent among general practitioners
regarding the value of the surgical approach in
cancer of the stomach will be reinforced. This
is hardly desirable.



TWO FACTOR MODEL
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The idea of a multi-step process was propagated in chemical carcinogensis by Rous and Fredenwald.



TWO FACTOR MODEL
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And studied in detail by Berenbum and Schubik in 1947. Clearly cancer was not a one step phenomenon.



Branched ModelParallel ModelLinear Model

Sontag, L and Axelrod, DE  (2005)  Jour Theoretical Biol 232:179-189

Three Models for Progression of Heterogeneous
Breast Tumors
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For years researchers and clinicians have attempted to find a model which describes the progression from normal to malignant.  These possible models include morphology, genetics, phenotyping, clinical course, and others.  Some investigators have come to the conclusion that there is NOT a linear sequence of acquired characters in cancer.  For example, “low grade PIN” in the prostate is no longer considered a predictor of risk.  “Low grade DCIS” is no longer, in some quarters, considered a predictor of risk in breast cancer.  Sontag and Axelrod proposed four different biological pathways for the progression of cancer in the human breast.  The four are Linear, Non-linear, Branched, and Parallel.  Three of these are illustrated here.  The first three pathways (Linear, Non-linear, and Branched), describe DCIS as a progenitor of invasive carcinoma (IDC).  The fourth pathway, termed Parallel, describes DCIS and invasive carcinoma as diverging from a common progenitor (CP) and progressing through grades in parallel.  Meta-analysis of the DCIS literature has revealed that the linear type models have the worst fit and a parallel model, the best fit.  The parallel pathway produced the best correspondence with clinical observations.



TWO MODELS
1. MULTISTEP LINEAR PROGRESSION 

(Sequential)

2. PRE-PROGRAMMED CANCER PROGENITOR

DCIS 1

DCIS 2

DCIS 3

DCIS 4
IBD

DCIS 2

IBD

PPCP

Sontag and Axelrod
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A recent editorial on the screening controversy for prostate and mammary cancer was published online in JAMA on July 29, 2013.  To read the entire article online download from:  http:jama.jamanetwork.com/on 07/30/2013.  It appears that the controversy can be best summarized as “STAY TUNED”.  



OVERDIAGNOSIS

DEFINITION:  A SETTING IN WHICH DIAGNOSES 
INCREASE (OFTEN MARKEDLY) IN A POPULATION THAT 
HAS A STABLE OR DECLINING RATE OF DEATH FROM 
THAT DISEASE.

Welch, HG and Black, WC.  JNCI 102:605-613 (2010).  From a presentation by Barry Kramer, NCI
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The problem with our efforts to establish an early diagnosis with various screening techniques, including a morphological diagnosis, is that we become capable of detecting early lesions that are NOT LIFE THREATENING.  As a result, the population is being exposed to unnecessary treatment. These are patients who need no treatment at all.  On a population basis these trends can be detected when a new test is introduced.  This results in an increase in diagnoses for that cancer but no change in mortality (death rate).  Since there is now a larger population at risk, the proportion of survivors falsely appears to increase.



Patterns of Rapid Increase in Cancer Incidence:
True Increase vs. Overdiagnosis

New Diagnoses

Deaths

New Diagnoses

Deaths

Time Time

Number of
new cancer

diagnoses and
deaths

Number of
new cancer
diagnoses

and
deaths

Suggests a true increase in
the amount of cancer

Suggests overdiagnosis
of cancer

Welch, HG and Black, WC.  JNCI 102:605-613 (2010).  
From a presentation by Barry Kramer, NCI
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Overdiagnosis is apparent when a new detection test leads to increases in apparent new cases but the new test does not reduce the death rate. A true increase in cancer can to detected when an increase in detected cancers is accompanied by an increased death rate.



Incidence and Mortality of Five Cancers:
(Surveillance, Epidemiology, and End Results: SEER)
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Welch, HG and Black, WC.  JNCI 102:605-613 (2010).
From a presentation by Barry Kramer, NCI
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These graphs show the actual epidemiological data for five cancers which had new detection techniques using biomarkers applied to them.  Many new cases were detected but this did not result in a change in the death rate attributable to the diagnosis. These graphs bring us to the question of economic and patient costs. Did we create new morbidity from the treatment for patients who did not need “the cure”? What is the cost per diagnosis and cost per patient who died?



The Heterogeneity of Cancer Progression

Size at which 
cancer causes 

symptoms

Abnormal 
cell

Fast

Size

Slow

Very Slow

Death 
from 
other 

causes

Size at which
cancer causes 

death

Time

Non-progressive

This is 
over-Dx.

Welch, HG and Black, WC.  JNCI 102:605-613 (2010).  
From a presentation by Barry Kramer, NCI
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Adenocarcinoma of the prostate can lead to different biological outcomes. This might be considered the biological “heterogeneity of cancer progression”.  The trick becomes how to distinguish between “Fast or Slow”, which are life threatening, and “Very Slow and Non-Progressive” which are not life-threatening and should not be treated.  Perhaps, prostate cancer is the perfect example.  Consider the 75% of autopsied 80 year-old males with histological prostate cancer. 



Challenging the axiom: does the occurrence of oncogenic 
mutations truly limit cancer development with age?

J. DeGregori (Oncogene (advance online publication, 2 July 2012; 
doi:10.1038/onc.2012.281)

Comparison of the time courses of mutation accumulation with onset of 
malignancies in the hematopoietic system in mice. Stylized curves represent 
the numbers of mutations detected in spleens (gray)12, 19 and lymphoma 

incidence (black)20 in C57BL/6 mice.

Microenvironmental
Changes 

Mutational background
Competent for Progression

ADAPTIVE 
ONCOGENESIS



The Window of Susceptibility 
Mammary Cancer

Russo, Medina

Comparison of the time courses of mutation accumulation with onset of 
malignancies in the hematopoietic system in mice. Stylized curves represent 
the numbers of mutations detected in spleens (gray)12, 19 and lymphoma 

incidence (black)20 in C57BL/6 mice.

Microenvironmental
Changes 

Mutational background
Competent for Progression

Virus
Chemical 
Radiation
Pregnancy
Transgenesis

ADAPTIVE 
ONCOGENESIS



78%?

UnknownsGenes
(1.2%)

REs≥66%

Genes vs. Non-gene elements
The New Frontier

Data adapted from Koning et al., PLoS ONE 7(12):e1002384, 2011

The Human Genome Information System

<TREome: at least 45% of non-gene elements> 
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The relative contributions of the Exome and “Junk DNA” is illustrated in this pie chart. Since there is so much homogeneity (99%)  in the 1.2% of the genome that codes for proteins (Exome), it makes sense to study the “non-gene”  DNA that makes up over 90% of the mammalian genome. Note that the repetitive elements occupy at least between 66% and 78% of the total DNA and some repetitive elements are transposable. We call the transposable repetitive elements the TREome.







78%?

UnknownsGenes
(1.2%)

REs≥66%
Species-specific ordered genome units

The Organization of the TRE0ME

Kiho’s Journey
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A couple of years ago we discovered that the entire mammalian TREOME is highly organized and not at all the randomized “Junk DNA” that was imagined by the scientific community. Using a new technology (the RE array-Miner, named REMiner) we discovered a complexly-ordered arrangement of repetitive elements (REs) that form the main frame of the TRE landscape.
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Species-specific genomic RE array maps:
ORGANIZED AND SPECIES SPECIFIC

Cover Image of GENOMICS
(September, 2012)(Mouse vs. Human: an example) 

78%?

UnknownsGenes
(1.2%)

REs≥66%
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We recently reported that genomic RE array maps of mouse and human are species-specific. This data was selected as a cover image of Genomics in 2012. Importantly, while humans and mice share about 80% of gene sequences, these two species do not share any RE array configurations. These findings suggest that REs and RE arrays play critical roles in phenotype determination at least in species-specific ones. They define the unique TREome Landscape for the two species and help us understand the differences in phenotype. The fact that both species are relying on an exquisitely organized TREscape that shares the features of repetitive elements, but uses different maps, we can more accurately use the RE maps to delineate the other species. For NOW, we will use these shared features to document the dynamics of change.




Identification of a HERV-related sequence (from a breast biopsy)
absent in the NIH’s reference human genome



NEOPLASTIC PROGRESSION

Epigenetic Reprogramming Evolutionary Selection:
eG-P Cone









THE GENOMIC ERA



Progression Agenda

• Invasion
• Metaplasia
• Clonal expansion
• Genetic Background
• Microenvironment

– Inflammation
– Immune responses
– Landing platforms
– Microbiome



Models of Neoplastic Progression

• Human: observation, demographics, epidemiology 
and statistical analysis of heterogeneous populations 
(Guilt-by-association).
– Experimental: tissue culture and xenografts.

• Mouse: observation, demographics, genetic 
engineering, and statistical analysis of homogeneous 
populations. 
– Experimental: Test by transplantation into syngeneic host 

and orthotopic sites. (Test-by-transplantation).

Jensen, CO.  Cent. f. Bakt. 1903,34:28,122
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The reader will note that the human models were built on the basis of clinical information in which the sample was removed from the patient for the pathologist to examine.  Once removed, it is a matter of conjecture as to what remains inside the patient.  The major evidence has come from serial cytological examinations and from familial diseases.  However, experimental testing and proof of the concepts has largely emanated from animal models.  Some clinicians recognized the value of animal models.  In fact, Ewing and others dated the onset of experimental cancer research to the development in 1903 of the Jensen transplantable mammary tumor cell line.  Here we compare and contrast clinical research (Human) and Mouse.  The foundations are based on observation and association.  However, the study of human is limited by the heterogeneity of the subject population and a limited range of experimental tools.  In contrast, the mouse represents a homogeneous population with the ability to test the biology of each lesion by transplantation. We will now briefly review some of the major advances in experimental tumor biology.




Dr. K.B. DeOme
CRGL, UCBerkeley

Two Step Transformation:
Nodulogenesis Tumorigenesis

Normal              HAN Tumor
(Described in 1958)            

The Biology of Preneoplasia
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A large number of investigators studied the process.  DeOme described it as a two step progression:  Initiation and progression with the morphological entities of HAN (Hyperplastic Alveolar Nodule) and Tumor and the processes of nodulogenesis and tumorigenesis.  Although still classified as “spontaneous”, we now know that the process is initiated by the mouse mammary tumor virus (MMTV) and usually by insertion activation of Wnt and/or FgF (drivers in the core pathway). These images are from DeOme’s classic essays.





Dr. K.B. DeOme
Developed “Test-by-transplantation”

Studying the Biology of Preneoplasia

1. Identification

2.  Isolation

3.  Transplantation

4.  Observation

5.  Repetition
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A large number of investigators studied the process, but DeOme developed the criteria for precancer in the mammary gland - the test-by-transplantation.  This allowed the testing of different lesions by isolation and transplantation.  The basic technology involves the identification of the HAN/MIN (Hyperplastic Alveolar Nodule/Mammary Intraepithelial Neoplasia) in situ, isolation by surgical excision, and transplantation into a gland-cleared fat pad.  The animal is closed and the transplant allowed to grow. The results/observations, discussed next, are recorded and classified. These lesions can be serially transplanted and expanded for other experiments. Several groups have used the technology to characterize the biology of precancer. In the literature you will note that outgrowths from MMTV infected mice were called HPO (Hyperplastic Outgrowths) rather than MINO.




Tg:MMTV-PyVmT
8-week old female 3-week old FVB female

Complete mammary
fat pad

Gland-cleared fat pad

Fat pad with MIN 
lesion

Identify, dissect,
and transplant
a single MIN lesion

MIN lesion
continues
to fill the
fat pad

Gland-cleared fat pad

3-week old FVB female

Maintained by serial
transplantation 

(MINO line)

Lymph node

Serial 
Transplantation 
Demonstrates 

MIN Cell 
Immortality:

Dr. A.D. Borowsky
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The basic step requires that the mammary fat pad is cleared by extirpation of the mammary bud up to the lymph node (L) in the #4 fat pad at 3 weeks of age, thus creating a gland-free fat pad.  The test tissue is then transplanted into the fat pad.  The MIN lesion is allowed to grow and fill the cleared fat pad.  Selected portions of the MIN lesion are then transplanted to another 3 week-old mouse with a gland-cleared fat pad.  Serial transplants can be maintained for years.  Now let us discuss the value of transplantation models in the study of tumor biology.
The test-by-transplantation has been extended to genetically engineered mouse (GEM) models by several laboratories.  Our studies of GEM with the Polyoma Virus middle T(PyV-mT) transgene, have proven that GEM have biologically premalignant foci of mammary intraepithelial neoplasia (MIN) that can be identified in situ, isolated, and serially transplanted into gland-free fat pads.  GEM MIN, like its human counterpart DCIS, is morphologically and biologically heterogeneous.  Further, the morphologic grading criteria have no clear relationship to its biological potential.  In brief, outgrowths from MIN (MINO) initiated by the same oncogenes, isolated from the same animal and the same mammary gland, have different morphologies and different biological potentials.  However, serial transplantation of small fragments of a given MINO line results in the same latency period and the same metastatic rate in each generation.  This suggests that the biological potential is inherited and already encoded in progenitor cells unrecognized by microscopic examination.  Identification and characterization of these silent “leaders of society” may permit predictive precision.  Intervention and prevention studies indicate that MINO growth can be profoundly influenced by diet and chemotherapy.  However, tumors still arise from the treated MINO, suggesting selection of resistant malignant populations.  Thus, the limitation of histopathology: “What you get is not what you see”.
  




Serial Transplantation Confirms
Progression of Precancer to Cancer

Maglione PMID: 11719463

X
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The transplanted tissues will grow and reveal their biological potential in serial transplantation.  Normal, hyperplastic and premalignant (precancer) will not grow if transplanted beneath the skin.  Only the tissues containing malignant cells will grow in subcutaneous tissue.  In contrast, all categories of transplant tissue will grow in the gland free fat pad.  The biological potential can be judged by the tendency for a specific transplant to undergo malignant transformation.  Premalignant transplants can be distinguished from normal tissue because serial transplants of normal tissue can be maintained for only 5 or 6 serial transplantations.  Neoplastic tissue, whether precancer or cancer, can be serially transplanted indefinitely in the mammary gland.  These criteria provide the test-by-transplantation.



CANCER BIOLOGY IN ANIMALS: 
GENETICALLY ENGINEERED MICE

Figure 1.  Diagram of MIN-O derivation and maintainance. Tissues derived from Tg(Py-mT) mice are maintained by 
serial transplantation into the gland cleared fat pad.  Representative morphology shown.

PRECANCER
Essential Facts:

1. SITE RESTRICTED
2. IMMORTAL
3. UNIQUE
4. BIOLOGICALLY 

PREDICTABLE
5.  CLONAL
6. STABLE
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The MINO mouse will continue to be a useful model to study cancer biology.  Essential facts regarding precancer are that it is:  Site restricted, immortal, unique, biologically predictable, clonal, and stable.



Maglione et al, Mol. Ca Ther PMID: 15299077
2OO3 

Hierarchical clustering of expression 
and latency suggests the MINOs 
encode the outcome. 
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What about the biology of the MINO?  The morphology, tumor latency and the metastatic rates were different for each of the MINO lines.  Note that the expression microarray demonstrates the MINO and tumor from the same animal are closely related (one pair highlighted in yellow).  This indicates the MINOs encode the composition of the tumor.  The figure labeled (B) is an H&E stained preparation of an entire mammary fat pad which contains both a MINO and a tumor.  Both areas have been sampled for molecular analysis, leaving the two “holes” in the preparation (MIN-O and Tu).  The figure labeled (C) indicates the morphology of the areas sampled from the MINO.  The figure labeled (D) indicates the morphology  of the area sampled from the tumor.  Notice in this case the MINO cells stain orange or red, while the tumor cells stain blue.




Expression Profile Cluster Analysis:
Order in Heterogeneity

U74 Chip– Gregg LaboratoryMIN-O/TUMOR PAIRS

Presenter
Presentation Notes
Although there is heterogeneity among MINO lines and tumors, the closest correlations are between the MINO and tumor from the same mice.  For instance, notice the MINO and tumor highlighted in yellow are at the edges of their respective branches of the tree, but they are closer to each other than any other MINO or tumor.
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The bottom line, the combination of histology and biology suggests a different type of model.  This model suggests that the important molecular events occur BEFORE the emergence of the morphologically detectable lesions. It promises that, if we can understand the changes in the genetic code, we can predict the outcome.  It also suggests that the major changes in neoplasia are epigenetic.  Prevention will be based on environmental factors.  The gold box represents the typical morphologic  spectrum of changes in the mammary gland from a normal TDLU (Terminal Ductal Lobular Unit) to malignancy and metastasis.  With the Step-wise Sequential Acquisition Model (Green), morphologic changes along the apparent spectrum are associated with the accumulation of molecular changes.  In the Telomere Crisis Model (Blue), the morphologic changes occur much more rapidly as the cells approach telomere crisis.  Cells which restabilize the telomere may survive and give rise to precancers with a permanent aberrant genetic profile.  In the Imprinted Stem Cell Model (Red), initiation may occur with or without genetic instability.









Progression Agenda

• Invasion
• Metaplasia
• Clonal expansion
• Genetic Background
• Microenvironment

– Inflammation
– Immune responses
– Landing platforms
– Microbiome



THE GENOMIC ERA
(I am also an 

Experimentalist)



Models of Neoplastic Progression

• Human: observation, demographics, epidemiology, 
AI, and statistical analysis of heterogeneous 
populations (Guilt-by-association).
– Experimental: tissue culture and xenografts.

• Mouse: observation, demographics, genetic 
engineering, and statistical analysis of homogeneous 
populations. 
– Experimental: Test by transplantation into syngeneic host 

and orthotopic sites. (Test-by-transplantation).

Jensen, CO.  Cent. f. Bakt. 1903,34:28,122

Presenter
Presentation Notes
The reader will note that the human models were built on the basis of clinical information in which the sample was removed from the patient for the pathologist to examine.  Once removed, it is a matter of conjecture as to what remains inside the patient.  The major evidence has come from serial cytological examinations and from familial diseases.  However, experimental testing and proof of the concepts has largely emanated from animal models.  Some clinicians recognized the value of animal models.  In fact, Ewing and others dated the onset of experimental cancer research to the development in 1903 of the Jensen transplantable mammary tumor cell line.  Here we compare and contrast clinical research (Human) and Mouse.  The foundations are based on observation and association.  However, the study of human is limited by the heterogeneity of the subject population and a limited range of experimental tools.  In contrast, the mouse represents a homogeneous population with the ability to test the biology of each lesion by transplantation. We will now briefly review some of the major advances in experimental tumor biology.
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HER-2 CRAINBOW
ONE MOUSE-ONE METASTATIC TUMOR

PHENOTYPE
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Macrophages escort tumor cells to 
blood vessels

Condeelis(In Vitro)



Three dimensionally reconstructing HER2+ cancer progression-
16 weeks old with HER2+ MIN
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Neoplastic “Progression”
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doi: 10.1158/0008-5472.CAN-17-1207. Epub 2017 Jul 28.

Connecting Cancer to Its Causes Requires Incorporation of Effects on Tissue Microenvironments
James DeGregori 1

https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=20&term=DeGregori+J&cauthor_id=28754675
https://pubmed.ncbi.nlm.nih.gov/28754675/#affiliation-1




Genes, Genomes
and 

Phenotypes

UnknownsGenes
(1.2%)

Presenter
Presentation Notes
The Exome, our coded proteomic genome, does not adequately account for differences in phenotype, or changing phenotypes.

(We will begin with a simple observation that triggered our studies. The Exome, our coded proteomic genome, does not adequately account for differences in phenotype, or changing phenotypes.)




VS

~80% similarity in phenotype ?

Google image 

Gene sequences of humans and mice
Reported to be ~80% homologous

Injury research group at UCD/SHCNC

Kiho’s Journey

Presenter
Presentation Notes
The dilemma in/problem with our interpretation of phenotypic variations within a species  is that 99.9% of the Exome is shared by all members of the species (homology). Yet , simple inspection tells us that the members of the species are very heterogeneous (slides). 
So, what is the genetic basis of phenotypic polymorphism? The mouse shares 80% homology with humans. Yet, are very different. Even when we look at the relatively homogenous populations of inbred mice, we observe heterogeneous phenotypes (slide).  




REPETITIVE ELEMENT SPECIFIC

1. LINE
2. SINE
3. ERV

Presenter
Presentation Notes
A number of probes that identify line, sine and ERV specific elements are used.













THE END
It has been a pleasure

THANK YOU









Can structure, function and therapy merge? 

Using GEM to Understand Precancer

Presenter
Presentation Notes
Let us begin the identification and understanding of precancer using the oncomouse.  Although the previous work laid the foundation, we will now use current examples based on models using genetically engineered mice (GEM).



Invasive and Metastatic Disease

• Microinvasion

• Invasive vs expansile growth

• Non invasive metastasis (tumor emboli)

• Metastasis

Presenter
Presentation Notes
Recall that two criteria for malignancy are local invasion and metastatic capability.  With this in mind, we will discuss some possible mechanisms for these two phenomena.



Wound Healing Tumor Growth

Coussens, LM and Werb, Z  (2002) Nature 420:860-867

Similarities Between Wound Healing and Tumor Growth

Presenter
Presentation Notes
Some aspects of tumor growth and invasion are similar to the events in wound healing.  This cartoon from a review article by Coussens and Werb nicely illustrates the similarities and differences.  In wound healing (a), platelets, serum fibrinogen and fibrin form a fibrin clot at the wound site.  Cytokines and chemokines are produced and assist in remodeling of the extracellular matrix.  Neutrophils and lymphocytes are recruited, the vascular supply is restored, and re-epithelialization occurs.  In tumor growth and invasion (b),  the tumor cells themselves induce angiogenesis and lymphangiogenesis, leading to a disorganized vascular and lymphatic supply.  The neoplastic cells produce a variety of cytokines and chemokines which induce an infusion of neutrophils, mast cells, eosinophils, basophils, fibroblasts, and endothelial cells.  Some of the cytokines and chemokines are mitogenic for neoplastic cells and endothelial cells, which in turn stimulates tumor cell division and neovascularization.  These factors promote tumor growth, stimulate production of new blood vessels, reshape the extracellular matrix, and enable metastatic spread.



A VERY OLD DEBATE: 
A Brief History

• The History of Precancer
– Waldheyer and origin of cancer: Direct continuity. 1867
– Ewing
– Apolant/Haaland
– Papanicalou

• Experimental  Pathology
– Rous: Initiation and Progression
– Foulds: Neoplastic Development

• DeOme and two hit hypothesis: Sequential Acquisition of Traits.
– Mutation and Multistep-Sequential Acquisition

• Bovari-
• Peto: Five hits, Armitage and  Doll
• DCIS : 

– Wellings and sequential acquisition
– Page and DCIS
– Polyak and DCIS 

• Vogelstien and sequential acquisition
– GEM

• Stepwise Progression hypothesis: Pandolfi

• The Natural History of Cancer in Breast
• DCIS
• Biological Predeterminism
• Window of Susceptibility
• Russo, Medina, DeGregori
• Sontag and Axelrod

• Structure and Biology of Precancer: Sequential Acquisition VS Predetermination
– HAN, HPO Medina
– MINO Model
– Adaptive Oncogenesis Model
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