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Presenter
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)


Presenter
Presentation Notes
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.
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Predicting Relapse in Patients With
Triple Negative Breast Cancer
(TNBC) Using a Deep-Learning
Approach

Guangyuan Yu'2t, Xuefei Li?*t, Ting-Fang He3, Tina Gruosso+5, Dongmei Zuo*,
Margarita Souleimanova+, Valentina Munoz Ramos+, Atilla Omeroglus,

Sarkis Meterissian®?, Marie-Christine Guiot®®, Li Yang', Yuan Yuan®, Morag Park+510%,
Peter P. Lee®* and Herbert Levine"12*

! Department of Physics and Astronomv, Rice University, Houston, TX, Unifed States,  Center for Theoretical Bioloaical

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 CDSC 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

PMCID: PMC7538858
PMID: 33071806
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Sox11 regulates mammary tumour-initiating and metastatic
capacity in Brca1-deficient mouse mammary tumour cells

Siu Man Tsang, Hyojin Kim, Erik Oliemuller, Richard Newman, Naa-Anyima Boateng, Naomi Guppy
and Beatrice A. Howard*

ABSTRACT (Zvelebil et al., 2013). We have recently shown that SOX11 confers

Little is known about the role of Sox11 in the regulation of mammary features of multipotency, impairs differentiation processes gnd
progenitor cells. Sox11 is expressed by mammary bud epithelial cells a]_tchrs tropism of ER— breast cancer cells to Ii}ctastatlc sites
during embryonic mammary gland development and is not detected (()llc.mul]cr_ct al., 2020). _A]though a number of Sl‘UleS have showin
in mammary epithelial cells after birth. As Sox11 is an oncofetal gene, that Sox11 is expressed in mammary stem cells during chmbryomc
we investigated the effects of reducing Sox11 levels in embryonic ~ MOuUse mammary development, it is not known whether it has any

mammary progenitor cells and found that Sox11 regulates functmpa] role in regulating normal embryonic mammary
mrnlifmrmtiin mbata ctamn Anll anbivibs and limanmna maadbas avarannine Drogenitor cells (Chung et al.. 2019: Makarem et al.. 2013;

Contents lists available at ScienceDirect

Seminars in Cancer Biology

journal homepage: www.elsevier.com/locate/semcancer

Review

Regulatory roles for SOX11 in development, stem cells and cancer )

Siu Man Tsang, Erik Oliemuller, Beatrice A. Howard*

The Breast Cancer Now Toby Robins Research Centre, Division of Breast Cancer Research, The Institute of Cancer Research, London, UK
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Reactivation of multipotency by oncogenic PIK3CA
induces breast tumour heterogeneity

Alexandra Van Keymeulen'*, May Yin Lee'*, Marielle Ousset', Sylvain Brohée”, Sandrine Rorive™*, Rajshekhar R. Giraddi',
Aline Wuidart', Gaélle Bouvencourt', Christine Dubois', Isabelle Salmon™*, Christos Sotiriou”, Wayne A. Phillips>®

& Cédric Blanpain™’

Breast cancer is the most frequent cancer in women and consists of
heterogeneous types of tumours that are classified into different
histological and molecular subtypes'”. PIK3CA and P53 (also
known as TP53) are the two most frequently mutated genes and
are associated with different types of human breast cancers’. The
cellular origin and the mechanisms leading to PIK3CA-induced
tumour heterogeneity remain unknown. Here we used a genetic
approach in mice to define the cellular origin of Pik3ca-derived
tumours and the impact of mutations in this gene on tumour
heterogeneity. Surprisingly, oncogenic Pik3ca™"™®  mutant
expression at physiological levels' in basal cells using keratin
(K)5-CreER™ mice induced the formation of luminal oestrogen
receptor  (ER)-positive/progesterone receptor (PR)-positive
tumours, while its expression in luminal cells using K8-CReER™
mice gave rise to luminal ER"PR™ tumours or basal-like ER"PR™
tumours. Concomitant deletion of p53 and expression of
Pik3ca™"™™® accelerated tumour development and induced more
aggressive mammary tumours. Interestingly, expression of
Pik3ca "R in unipotent basal cells gave rise to luminal-like cells,
while its expression in unipotent luminal cells gave rise to basal-like

: - : HI1047R
upon expression of the Pik3ca '

is currently unknown.

To determine whether breast tumour heterogeneity is determined
by the cancer cell of origin, we developed a genetic strategy allowing
the expression of the oncogenic Pik3ca mutant at physiological levels
using Cre-inducible P:k3ca”“’4’R knock-in mice’, specifically in basal
cells (BC%} u%mg K5-CreER™ or in luminal cells (LCs) using K8-
CreER"™ mice' and followed their fate and tumorigenic potential over
time. Tamoxifen (TAM) was administered at a dose that does not
impair long-term mammary gland development and homeostasis,
and resulted in the specific labelling of about 20% of BCs (Extended
Data Fig, 1) in 4-5-week-old K5-CreER™/Pik3ca™ ™" mice (Fig. 1a).
While it has been suggested that the mammary gla_nd contains bipotent
basal stem cells"™'*, our data using K5-CreER ™ knock-in or K14-rtTA/
TetO-Cre mice, despite the labelling of 20-50% of BCs, showed no
contribution of BCs to the luminal lineage (Extended Data Fig. 1).
Further lineage-tracing studies that label all BCs or all LCs will be
required to determine whether the discrepancy between the different

mutant in the mammary gland

a C K5-CreERT2/YFR e
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Nonmutational
epigenetic reprogramming
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Figure 3. Nonmutational epigenetic reprogramming. Much as during embryogenesis and tissue differentiation and homeostasis, growing evidence
makes the case that instrumental gene-regulatory circuits and networks in tumors can be governed by a plethora of corrupted and co-opted mechanisms
that are independent from genome instability and gene mutation.
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The Origins of Phenotypic Heterogeneity in Cancer

Guido Lenz"?, Giovana R. Onzi®, Luana S. Lenz"?,
Julieti H. Buss'?, Jephesson A. dos Santos'?and Karine R. Begnini'?

Abstract

Heterogeneity is a pervasive feature of cancer, and understanding the sources and
regulatory mechanisms underlying heterogeneity could provide key insights to help
improve the diagnosis and treatment of cancer. In this review, we discuss the origin of
heterogeneity in the phenotype of individual cancer cells. Genotype-phenotype (G-P)
maps are widely used in evolutionary biology to represent the complex interactions of
genes and the environment that lead to phenotypes that impact fithess. Here, we present
the rationale of an extended G-P (eG-P) map with a cone structure in cancer. The eG-P
cone is formed by cells that are similar at the genome layer but gradually increase
variability in the epigenome, transcriptome, proteome, metabolome and signalome layers
to produce large variability at the phenome layer. Experimental evidence from single-cell
-omics analyses supporting the cancer eG-P cone concept is presented, and the impact
of epimutations and the interaction of cancer and tumor microenvironmental eG-P cones
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GOOD SCENCE Annals of Oncology 29: 895-502, 2018
BETTER MEDICINE doi:10.1093/annonc/mdy 024
BEST PRACTIGE Published online 22 January 2018

ORIGINAL ARTICLE

Y. Bareche'’, D. Venet'f, M. Ignatiadis?, P. Aftimos?, M. Piccart?, F. Rothe'* & C. Sotiriou>"*

'J-C. Heuson Breast Cancer Translational Research Laboratory; “Department of Medical Oncology, Institut Jules Bordet, Université Libre de Bruxelles, Brussels,
Belgium

*Correspondence to: Prof. Christos Sotiriou, J-C. Heuson Breast Cancer Translational Research Laboratory and Department of Medical Oncology, Institut Jules Bordet,
Université Libre de Bruxelles, Rue Héger Bordet 1, 1000 Brussels, Belgium. Tel: 4+32-2-541-34-28; E-mail: christos.sotiriou@bordet.be

'Both authors contributed equally as co-first authors

*Both authors contributed equally as co-last authors.

Background: Recent efforts of genome-wide gene expression profiling analyses have improved our understanding of the
biological complexity and diversity of triple-negative breast cancers (TNBCs) reporting, at least six different molecular subtypes of
TNBC namely Basal-like 1 (BL1), basal-like 2 (BL2), mmunomodulatory (IM), mesenchymal (M), mesenchymal stem-like (MSL) and
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® Frameshift indel = Missense SNV ® Splicing

“ Inframe indel = Nonsense SNV ® Stoploss Mutation Frequency (%)

v  (WEE-2

TP53 TP53 TP53 80 92 81 80

MUC16 . MUC16 21 17 21 a3
PI3KCA PiKacA | | PIK3CA 20 5 16 55 12 23
AHNAK2 [| | AHNAK2 18 15 26 13 14 26
SYNE1 ‘“I ‘ “ ||r|I | SYNE1 17 18 25 15 10 6
AHNAK | AHNAK 13 18 8 11 12 13
DNAH11 | | || ‘ DNAH11 12 8 14 15 18 3
USH2A || i | USH2A 11 12 10 13 14 3
DNAH2 |I ‘ || | || \ ||l DNAH2 11 6 11 13 12 13
MLL2 [ ] MLL2 10 14 7 9 & 10
KMT2C| | | W H | KMT2C 8 6 8 19 2 6
HERC2 , ||| I |||| l ] . HERC2 8 9 7 11 12 0
DNAH5 | [| | | | [l | | | DNAH5S 8 12 5 8 6 10
RYR2 LOREC T | & 11 | \ | || RYR2 8 10 11 4 2 10
AKAP9 | |1 | | | | | 1] AKAPS 7 5 5 13 8 3
UTRN || L L L N [ UTRN 7 4 15 8 2 0
NOTCH1 | | | | | | | | | | Il | 1l NOTCH1 7 6 7 2 14 3
BIRCs |||I II| || | | |11 II II\ | | II BIRCE 7 8 5 11 6 0
PTEN | | | Il | IThE 0 11 | I PTEN 6 5 5 11 6 3
RB1 [ | | | ‘ | | [ I RB1 6 11 3 4 8 0
COL12A1 [l | LT | | | | COL12A1 6 6 11 4 2 0O
ATR | l I gy [l | i I | | | ATR 5 3 4 6 10 6
NCOR2 N | L |l |11 | I I NCORz 5 4 11 4 4 0
STAB2 | J | | | | | | | | , | smB2 5 4 3 2 12 3
BRCAT 1 || ] || | I N BRCA1 5 4 5 2 10 0
THSD7A LI [] | | | THSD7TA 4 10 0 6 2 0
NF1 | | I | | | NFi 4 3 0 13 0 3
AKT1 | ll AKT1 3 0 3 13 0 0
CDH1 | [ I | COHt 3 1 0 13 2 0

Figure 1. Mutational landscape of TNBC molecular subtypes. Frequencies of mutations across each TNBC molecular subtype according to
the different types of mutations. Only genes mutated at a frequency >10% in at least one subtype are displayed. Significant differences
(FDR < 0.05) are shown in red (right panel).

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



Systems Approach for Early Detection of Aggressive Breast Cancer Biology:
A working model

Sundus Shalabi®, David Frankhouser™, Jerneja Tomsic'®, Christopher Sistrunk, JesuchristopherJoseph'¥, Daniel Schmolze!, Robert

Cardiff12, JoZzefa McKiernan1, Stanley Hooker', Rick Kitles!, Jinhui Wang', Kristina Tourville3, Jackelyn Alva-Ornelas!, Meagan Razo?,
Angela Sanchez', Nancy Sanchez, Christine Thai'!, Tanya Chavez', Alan Nufiez!, Vanessa Myriam Robles', Cristal Resto!, Angela Wong’,
Veronica Jones!, Lisa Yee', Lily Lai', David Ann', Dan Crichton4, Gustavo Miranda Carboni®, Eric Dietzel, Terry Hyslop3, Ruth O’Regan®,
Tijana Talisman®, Lucio Miele’, Ernest Martinez®, Mark LaBarge*, Ashish Mahabal®*,

Victoria Seewaldt™

1City of Hope Comprehensive Cancer Center, Duarte, California; 2Center for Comparative Medicine, University of California, Davis, Davis
A. Proposed Progression Model

Normal Hyperplasia Atypical Ductal Hyperplasia Invasuve Cancer

Epithelial cells: Epithelial cells: Tumor Epithelial Tumor Endothelial
- K14/19(+) - K14/19(+) cells: cells:
- High pS6 - Vimentin expression - K19(+)/K14(-) - Snail1(+)
- High c-MYC - High pS6 - High pS6 -c-MYC (+)
- Membrane - High c-MYC - High nuclear EZH2
beta-catenin(+) - Increase nuclear Snail1/EZH2 - Snail1/c-MYC(-) Tumor Stromal
- Membrane beta-catenin(+) - Vimentin (-) Cells:
- Membrane - Vimentin (+)

beta-catenin(+)
Symmetric Division 2Driver? » Asymmetric Division




Candidate Hypotheses

* Epigenetic Reprogramming

* Evolutionary Adaptation (Predeterminism)



Micro-
environment

Reprograming

1t was six men of Indostan

To learning much inclined,

Who went to see the Elephant

( Though all of them were blind),
That each by observation

Might satisfy his mind.

The First approached the Elephant,
And happening to fall

Agpainst his broad and sturdy side,
At once began to bawl:

“God bless me! but the Elephant
Is very like a wall!™

The Second, feeling of the wsk,
Cried, “Ho! what have we here

So very round and smooth and sharp?
To me “tis mighty clear

This wonder of an Elephant

Is very like a spear!™

The Third approached the animal,
And happening to take

The squinming trunk within his hands,
Thus boldly up and spake:

“1 see,” quoth he, “the Elephant

1z very like a snake!™

The Blind Men and the Elephant
John Godfrey Saxe
(1816-1887)

The Fourth reached oul an eager hand,
And felt about the Knee,

“What most this wondrous beast 15 ke
Is mighty plain,” quaoth he;

“Tis clear encugh the Elephant

Is very like a tree!™

The Fifth, who chanced to touch the ear,
Said: "Een the blindest man

Can tell what this resembles most;

Deny the fact who can

This marvel of an Elephant

Is very like a fan!™

The Sixth no sooner had begun
About the beast to grope,

Than, serxing on the swinging tail
That fell within his scope,

“I see,” quoth he, “the Elephant
I very like a rope!™

And so these men of Indostan
Disputed lowd and long,

Each in his own opinion

Exceeding stiff and strong,

Though each was partly in the right,
And all were in the wrong!



Our Clinical History:
The limits of inferential Logic



= WORD “PRECANCER”: FIRST USED AND DESCRIBED IN 1913

(Repriot from the Mepicai. REcorp.)

PRECANCEROUS DISEASES AND PRECAN- -
CEROUS LESIOX ESPECIALLY IN

HE BREAST.

Br J. EWING, M.D,

NEW YORK.

WHENCE and how does cancer develop? The two
queries cover the subjects of the formal and the
causal genesis of the disease. The formal genesis
of cancer is a morphological study which traces
the fully developed tumor to the cells of origin.
The causal genesis is a physiological subject and
deals with the factors which bring about the tissue
changes observed.

Until the sources and developmental stages of
cancer are rather fully traced the study of causal
genesis must proceed under difficulties. Hence for
many years minute attention has been given to the
very earliest stages of carcinoma and no diagnosis
of tumors can be regarded as satisfactory unless
the exact cells of origin can be stated.

The formal genesis of a large class of neoplasms
was disposed of by Cohnheim, and by many others
before and after him, who traced the beginnings of
tumors in congenitally misplaced and often em-

*Read at a meeting of the Practitioners’ Society,
October 9, 1914,

Copyright, Willism Weod & Company.
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Presenter
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.


Malignant Human Cervical

Normal Human Cervical Cells
Cells
73%
REDUCTION

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


Presenter
Presentation Notes
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

CIN |

George Papanicolaou

CANCER (Invasion)

G.N. Papnicolaou, H.F. Traut

The diagnostic value of vaginal smears in carcinoma
CIN of the uterus

Am. J. Obstet. Gynecol., 42 (1941), pp. 193-224



Presenter
Presentation Notes


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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American Cancer Society
Guidelines for the Early
Detection of Cancer

Screening tests are used to find cancer before a person has any symptoms. Here are the
American Cancer Society's recommendations to help guide you when you talk to your

doctor about screening for certain cancers.

Health care facilities are providing cancer screening during the COVID-19 pandemic with
many safety precautions in place. The American Cancer Society Get Screened campaign
encourages people to start or restart their recommended cancer screenings. Regular
screenings can help find and treat pre-cancers and cancers early, before they have a
chance to spread. Visit Get Screened to learn about screening tests and what you can do
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Presenter
Presentation Notes
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.
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L.L. Foulds’ Six Principals:

PROGRESSION
1954

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
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PROGRESSION OF THE NORMAL TDLU TO CARCINOMA AS DEPICTED IN 1973
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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
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Presentation Notes
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.
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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).
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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
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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. 


Cervical Precancer
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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. 
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Special Article

THE THEORY OF

BIOLOGIC PREDETERMINISM:
ITS QUESTIONABLE
USEFULNESS AND VALIDITY
AS A MEDICAL TOOL

LOUIS ]J. NOTKIN, M.D,, CM,, F.A.CGC,,
Montreal

THE pPHRASE “biologic predeterminism” has been
recurring in the medical literature and at medical
meetings with increasing frequency. Ian Mac-
Donald first employed the phrase some years ago
as “a synoptic expression for a biologic balance
between host and neoplasm”, established before
the neoplastic process becomes clinically detect-
able.'* Evidence provided in this publication

“emmertedy o) @RS SHET Ut HiSED A ce

The term “biologic predeterminism” would
appear to be an unfortunate one because its
influence is not susceptible to measurement; it
connotes an almost fatalistic approach and does
not appear to have any value in furthering the
interests of the patient with carcinoma of the
stomach. It does convey a sense of frustration,
hopelessness and mysticism, and unless clarified
to the point of lucidity and usefulness should be
dmI]).lped.

The concept that a longer history means a more
favourable prognosis in a specific cancerous lesion
appears to be a very confusing, though partially
true, statement of fact. It is not at all illogical to
believe that patients in whom carcinoma of the
stomach is diagnosed, and who have a long history,
may survive longer. What appears to be illogical
is the implied assumption that it is therefore not
harmful, and even beneficial, to delay operation.
Such an assumption can be tragically harmful if,
for instance, it should be finally demonstrated that
the Alice-in-Wonderland concept of The Later
The Earlier may have a very simple explanation,
Pt DECOME WIOElY

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.
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The idea of a multi-step process was propagated in chemical carcinogensis by Rous and Fredenwald.
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And studied in detail by Berenbum and Schubik in 1947. Clearly cancer was not a one step phenomenon.
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Fig. 1. Linear pathway. The rate constants shown are the average of
the best fit to the Van Nuys and Holland observations, normalized to
one. The thickness of sach arrow is proportional to the rate constant.
Atypical hyperplasia (AH), ductal carcinoma in situ (DCIS), invasive
ductal carcinoma (IDC), and metastasis (M). Grades of DCIS and
IDC are indicated by 1, 2, and 3.
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Fig. 3. Branched pathway. The rate constants shown are the average
of the best fit to the Van Nuys and Holland observations, normalized
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constant. Atypical hyperplasia (AH), ductal carcinoma in situ (DCIS),
invasive ductal carcinoma (IDC), and metastasis (M). Grades of DCIS
and IDC are indicated by 1, 2, and 3.
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Sontag, L and Axelrod, DE (2005) Jour Theoretical Biol 232:179-189
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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.
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Opinion

Overdiagnosis and Overtreatment in Cancer
An Opportunity for Improvement

Over the past 30 years, awareness and screening have
led to an emphasis on early diagnosis of cancer. Al-
though the goals of these efforts were to reduce the rate
of late-stage disease and decrease cancer mortality, secu-
lartrends and clinical trials suggest that these goals have
not been met; national data demonstrate significant in-
creasesin early-stage disease, without a proportional de-
cline in later-stage disease. What hasemerged has been
an appreciation of the complexity of the pathologic con-
dition called cancer. The word "cancer” ofteninvokes the
specter of an inexorably lethal process; however, can-
cers are heterogeneous and can follow multiple paths,
not all of which progress to metastases and death, and
include indolent disease that causes no harm during the
patient’s lifetime. Better biclogy alone can explain bet-
ter outcomes. Although this complexity complicates the
goal of early diagnosis, its recognition provides an op-
portunity to adapt cancer screening with a focus oniden-
tifying and treating those conditions most likely associ-
ated with morbidity and mortality.

Changes in cancer incidence and mortality' reveal
3 patterns that emerged after inception of screening
(Table). Screening for breast cancer and prostate can-
cer appears to detect more cancers that are potentially
clinically insignificant.* Lung cancer may follow this pat-
tern if high-risk screening is adopted > Barrett esopha-
gusand ductal carcinoma of the breast are examples for
which the detection and removal of lesions considered
precancerous have not led to lower incidence of inva-
sivecancer. In contrast, colon and cervical cancer are ex-

erally leads to overtreatment. This Viewpoint summa-
rizes the recommendations from a working group
formed to develop a strategy toimprove the current ap-
proach to cancer screening and prevention.

Periodic screening programs have the potential to
identify a reservoir of indolent tumors.* However, can-
cer is still perceived as a diagnosis with lethal conse-
quences if left untreated.

An ideal screening intervention focuses on detec-
tion of disease that will ultimately cause harm, that is
more likely to be cured if detected early, and for which
curative treatments are more effective inearly-stage dis-
ease. Going forward, the ability to design better screen-
ing programs will depend on the ability to better char-
acterize the biology of the disease detected and to use
disease dynamics (behavior over time) and molecular di-
agnostics that determine whether cancer will be aggres-
sive or indolent to avoid overtreatment. Understand-
ing the biology of individual cancers is necessary to
optimize early detection programs and tailor treat-
ments accordingly. The following recommendations
were made to the National Cancer Institute for consid-
eration and dissemination.

Physicians, patients, and the general public must rec-
ognize that overdiagnasis is common and occurs more fre-
guently with cancer screening. Overdiagnosis, or iden-
tification of indolent cancer, is common in breast, lung,
prostate, and thyroid cancer. Whenever screening is
used, the fraction of tumors in this category increases.
By acknowledging this consequence of screening, ap-
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Presentation Notes
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
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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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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.
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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
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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:10.1038/0onc.2012.281)
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Genes vs. Non-gene elements
The New Frontier

REs266%

The Human Genome Information System

<TREome: at least 45% of non-gene elements>

| Data adapted from Koning et al., PLoS ONE 7(12):e1002384, 2011
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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.
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| | Opportunities for Antigen Discovery in Metastatic Breast Cancer.
1 Sood AK, Nemeth M, Wang J, Wu Y, Gandhi S.
Cite Front Immunol. 2020 Oct 30;11:570049. doi: 10.3389/fimmu.2020.570049. eCollection 2020.
PMID: 33193348 Free PMC article.
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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.



Species-specific genomic RE array maps:
ORGANIZED AND SPECIES SPECIFIC

Cover Image of GENOMICS
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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

Variable HERV landscape
of a breast cancer patient
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®
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


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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Presentation Notes
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.
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Presentation Notes
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.
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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”.
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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:
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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.
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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.
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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.
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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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Precancer in Mice: Animal Models Used to Understand, Prevent,
and Treat Human Precancers
ROBERT D. CARDIFF,' MIRIAM R. ANVER,2 GREGORY P. BOIVIN,> MARCUS W. BOSENBERG,*
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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.
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Models of Neoplastic Progression

* Human: observation, demographics, epidemiology,
Al, 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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Extended Data 4. MaXFISH coregistry of sequenced tumors. A portion of tumors
used for scRNAseq were MaXFISH coregistered (top) with H&E (middle) and IHC for

o
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Neoplastic “Progression”
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Supplementary Table 1. Summary of Trp53 mutations in STAT1-null primary and transplanted

tumors, and transplanted SSM2"“" tumors before and after ovariectomy.

Sample ID Setail Whole exome sequencing Sanger sequencing
Mi Mi
(EX No) '55.5 nse Exons | SIFT score” Iﬁ;enﬂ Exons
variants variants
[.{s] i
19-0420-1 Stat1™ primary tumor Mo SNVs N/A N/A Mo SNV's NIA
(Low-p53 tumor) found found
:tgg:g‘:g Primary low-p53 . . ) Mo SNVs A
14.0342.2 OWX transplantations found
. Trp53-P187R 611 0.02
KO
12-0416-5 5“?: . p”;;‘igmtz:;‘m Trp53-H190P | 6/11 0.00 Trp53-P187R 6/11
gn-p Tp53-A273G | 811 0.01
14-0340-1 . .
Primary high-p53
14-0341-1 OVX trar?s Igntg’[ions . . . Trp53-P187R 6/11
14-0342-1 P
Whole exome sequencing Sanger sequencing
Sample ID Detail
(EX No.) Mlss_e nse Exons | SIET score® Hlsslense Exons
variants variants
11-0671-1-B S5M2 Control tumor Trp53-512R 2M 0.07 Tmp53-512R 211
11-0495-1 Trp53-512R 211 0.07 Tmp53-512R 211
11-0497-1 2-weeks post-OVX
11-0498-1 (Luminal SSM2)
. . . Tmp53-512R 211
11-0496-2 P
11-0530-1 S-weeks post-OWVX
Trp53-512R 2 0.07 Tmp53-512R 211
11-0529-1 (Luminal SSM2) P P
11-0497-2 Trp53-C132W S 0.00 Trp53-C132W 511
2-weeks post-OWX
(Basaloid SSM2)
11-0495-2 . . . Trp53-C132W 511
11-0530-2 S-weeks post-OWVX
11-0529-2 (Basaloid SSM2) Trp53-C132W a1 0.00 Trp53-C132W 511
B- k t-0OVX
11-0590-1 Weeks pos . . . Trp53-C132W 5/11

{Basaloid S5M2)

PEIFT score: = 0.05, tolerafed; 0.00-0.02 (= 0.05), deletenous
"« ' no data available
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Connecting Cancer to Its Causes Requires Incorporation of Effects on Tissue Microenvironments
James DeGregori?



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
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Figure 1.

Maodels connecting cancer toits causative contexts. Top, according to the current paradigm that forms the foundation for the Tomasetti and colleagues model, the
primary role of R, E, and H in determining cancer risk is through increasing mutational burden in tissue stem cells. Bottom, an alternative model posits that the major
impact for contexts like old age and environmental exposures on cancer risk is through alterations in tissue microenvironments that promote selection for
adaptive mutations that contribute to cancer development. Adaptive mutations could emanate from R, E, and/or H, and increases in mutational burden from R,
E, and/or H should increase cancer risk. However, the iimpact of cancer-associated factors on selection will have a much greater deterministic role.
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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.)
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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).  
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A number of probes that identify line, sine and ERV specific elements are used.
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Using GEM to Understand Precancer

Can structure, function and therapy merge?


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.


®
Similarities Between Wound Healing and Tumor Growth

Wound Healing Tumor Growth

(pericytes, smooth muscle cells)

Epithelial cell and basement membrane d Endothelial cells and capillary support cells % Platelets and fibrin clot

./_‘7\.
Neutrophils (Q\@ Lymphocytes Mast cells/eosinophils/basophils @ % Cytokines/chemokines

Macrophage/monocyte < Fibroblasts and fibrillar collagens @ Malignant epithelial cells

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


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
e Sontagand Axelrod
Structure and Biology of Precancer: Sequential Acquisition VS Predetermination
- HAN, HPO Medina
- MINO Model
- Adaptive Oncogenesis Model
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