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What goes wrong when 
cells go wrong?

The Origins of
BREAST CANCER!



What goes wrong when 
cells go wrong?



Waldeyer, W. (1867). Die Entwicklung der Carcinome. Arch. Path. Anat. Phys. Klin. Med. 41, 470-523.

a: Epithelial growth starting from the milk duct.

c: Glands with altered acini 
and periacinar growth.

d: True cancerous section 
of the mamma.

b: Migration from epithelial cells into 
connective tissue fissures.

Heinrich Wilhelm Waldeyer

CANCER ORIGIN AND PROGRESSION circa 1867

Morphological Continuum

Presenter
Presentation Notes
Virchow’s protégé Wilhelm Waldeyer was the first to trace the origin of epithelial tumors to  the adjacent normal tissue.  While his work in this area is not widely recognized, his illustrations clearly show the tumors in direct continuity with the normal tissues and, ultimately, formed the criteria for the recognition of tumor origin that are used today. The orange boxes (above)  are labeled “a” through “d”  and present the thoughts that Waldeyer had about 150 years ago on the origin and progression of cancer in the human mammary gland.




BLASTEMA
(A STEM CELL)

Julius Connheim Rudolf Virchow



CLINICAL VS EXPERIMENTAL 
REASONING

• Guilt-by-Association: Medical logic is inferential. 
Based on the evidence, the diagnosis is inferred.

• Test-by-Experimentation: Scientific logic requires 
experiments. In mice, the experimental proof requires 
transplantation.

Presenter
Presentation Notes
It is important to understand that clinical reasoning by its very nature is by inference.  It is, however, a testimony to the observatory powers of the clinician and their observational abilities. Experimental reasoning considers the “diagnosis” an unproven hypothesis until tested experimentally. 



CLINICAL VS EXPERIMENTAL 
BIOLOGY

• Human: observations, 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).

Presenter
Presentation Notes
Consider how the clinician gathers data to arrive at a diagnosis.  Through observation of the patient and knowledge of all of the data collected in similar cases, they can supplement their observations with lab tests and imaging techniques.  But again, they are limited by the inferences of the pathologist and radiologist.  Experimental proof takes years to accumulate and validate using statistics.  Experimentally, the clinician is limited to tissue culture and xenografts.
Experimental: tissue culture and xenografts.
Using laboratory animals, such as mice, permits a different type of hypothesis building.  While one is able to use prior knowledge, one is also able to test any hypothesis and the reproducibility of any data using multiple animals and homogeneous populations.  Genetic engineering expands the experimental potential of the animals.  Using syngeneic mice, one can introduce even more complexities to the experimental verification.



OF MICE AND MEN

Apolant
DeOme
Wellings

Page



Haaland 1911

The Hyperplastic 
Alveolar Nodules 

(HAN) 
PRECANCER?

Presenter
Presentation Notes
It should be noted that preneoplasia was described by Apolant and then Haaland in the early 19th century.  Preneoplasia was first described in the mouse mammary gland.  Subsequently, early or pre-cancers were discovered in the mouse skin, lung, liver and other organs.



WORD “PRECANCER”: FIRST USED AND DESCRIBED IN 1914
By James Ewing

Presenter
Presentation Notes
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.



Ewing. 1919. Fig. 185. 
Precancerous changes in the 
breast.  Atypical proliferation  
in a segment of a duct.

1985 and 1988 = Ductal 
involvement by cells of 
atypical lobular hyperplasia

Courtesy of Dr. David Page

Ewing, J. 1919. Neoplastic Diseases:  A Textbook on Tumors. W.B. Saunders, Philadelphia, PA

Presenter
Presentation Notes
In his 1919 classical monograph on “Neoplastic Diseases”, James Ewing illustrated “precancerous changes”.



Ewing, 1919
Fig. 184
“Precancerous
changes in
breast.
Filling of small
ducts and acini
with atypical
cells. No
infiltration.”

Courtesy of 
Dr. David Page

Presenter
Presentation Notes
This illustration from Ewing’s treatise contains “precancerous changes”.  This example resembles Lobular Carcinoma in situ (LCIS). The quote in the black box illustrates what Ewing described about the filling of small ducts and acini with atypical cells.  The entire treatise is found in the book referenced previously.



LUMPS AND BUMPS 
OF 

POLYCYSTIC BREAST DESEASE:

COOPER’S DISEASE
SCHIMILLBUSH’S DISEASE
BLOODGOOD’S DISEASE

AND
OTHERS.



Apolant 1907
Haaland 1911

Presenter
Presentation Notes
It should be noted that preneoplasia was described by Apolant and then Haaland in the early 19th century.  Preneoplasia was first described in the mouse mammary gland.  Subsequently, early or pre-cancers were discovered in the mouse skin, lung, liver and other organs.



TRANSPLANTATION:
Gland-Cleared Fat Pad

HAN

Gland-Cleared Fat Pad

Dr. K.B. DeOme
CRGL, UCBerkeley

HPO



SEFTON R. WELLINGS

Presenter
Presentation Notes
The creator of the so-called sub-gross images was a pathologist and my mentor, Sefton Wellings. Dr. Wellings was a naturalist seen here on the side of Mt. St. Helensa with Mt. Adams in the background. Of course, Mt St Helens no longer exists. Dr. Wellings received his Ph.D. at UC Berkeley studying mouse mammary tumors. As a MD pathologist, Sefton wanted to apply the whole mammary gland mounts to human breast. Using a technique pioneered by Ingelby in 1939, Wellings and associates carefully fixed and prepared the whole breasts from surgery and made massive serial sliced perpenduclar to the skin 2mm whole mounts.



J Natl Cancer Inst. 1975 Aug;55(2):231-73.
An atlas of subgross pathology of the human breast with special reference to possible precancerous 
lesions.
Wellings SR, Jensen HM, Marcum RG. 

Presenter
Presentation Notes
This work is captured in the Wellings, Jensen and Marcum atlas with evidence of precancerous lesions. We have the unique opportunity to show you the original images for this classical study. But first, the NORMAL structure of the breast. Now showing the subgross images at a higher magnificalion through a dissecting scope.

https://www.ncbi.nlm.nih.gov/pubmed/?term=wellings+sr+and+Jensen+and+atlas
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wellings%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=169369
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jensen%20HM%5BAuthor%5D&cauthor=true&cauthor_uid=169369
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marcum%20RG%5BAuthor%5D&cauthor=true&cauthor_uid=169369


Mature Adult TLDUs



CYSTIC TDLUs



D-03-Dilated lobule cysts-SG





D-16-ALA3-ALB4-LCIS-SG
Lobular Carcinoma In Situ



D-15-ALA Atypical-Histo



D-24-DCIS-SG



D-25-DCIS-Histo
ComedoCarcinoma



G-17-Infiltrating duct carcinoma-
SG



G-23-Scirrhous carcinoma-SG



G-20-Carcinoma-Histo



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

Presenter
Presentation Notes
If you recall, this image was discussed in the module on History but is important now to turn out attention from the cervix to the mammary gland. 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 on the left illustrate a sub-gross image (upper) and a  H&E stained microscopic image from a  normal human mammary gland terminal ductal lobular unit (TDLU).  As shown in the middle of the illustration,  shows a continuum as 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  right show mammary gland sections with DCIS (ductal carcinoma in situ) The top illustration  is a sub- gross and below is an H&E stained microscopic section of the same tissue.  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.







Risk factors for breast cancer in women with proliferative breast disease
W D Dupont, D L Page
. 1985 Jan 17;312(3):146-51.

•PMID: 3965932
(N=17,000)

Evidence 
Based 
Medicine
1980s Style

David Page

https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=20&term=Dupont+WD&cauthor_id=3965932
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=20&term=Page+DL&cauthor_id=3965932


Not

DCIS

DCIS is associated with an adjacent BrCa…



BUT
DO NOT FORGET THE BLACK SWAN

OH WELL, YOU CAN’T WIN ALL THE TIME!



CLINICAL VS EXPERIMENTAL 
REASONING

• Guilt-by-Association: Medical logic is inferential. 
Based on the evidence, the diagnosis is inferred.

• Test-by-transplantation: Experimental logic requires 
experiments. In mice, the experiment requires 
transplantation

Presenter
Presentation Notes
It is important to understand that clinical reasoning by its very nature is by inference.  It is, however, a testimony to the observatory powers of the clinician and their observational abilities. Experimental reasoning considers the “diagnosis” an unproven hypothesis until tested experimentally. 



All Swans are white



All Swans are not white!



Nipple-Central-Ducts-
CrossSection-lo mag-rdc-psd



Tibor Tot and 
The 

“Sick Lobe”



ORIGINS: THE TDLU
HER2 Isoforms Uniquely Program 
Intratumor Heterogeneity and 
Predetermine Breast Cancer Trajectories 
During the Occult Tumorigenic Phase
Joshua D. Ginzel1, Chaitanya R. Acharya2, 
Veronica Lubkov1,2, Hidetoshi Mori3, Peter 
G. Boone1,2, Lauren K. Rochelle1, Wendy L. 
Roberts1, Jeffrey I. Everitt4, Zachary C. 
Hartman2,4, Erika J. Crosby2, Lawrence S. 
Barak1, Marc G. Caron1, Jane Q. Chen3, Neil 
E. Hubbard3, Robert D. Cardiff3,
Alexander D. Borowsky3, H. Kim Lyerly2,5, 
and Joshua C. Snyder1,2
MOLECULAR CANCER 
RESEARCH | CELL FATE 
DECISIONS  August 10, 2021



PROGESSION
TO INVASIVE NEOPLASIA

NEXT WEEK
SESSION 4

See you then!



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

Where are we?
How did we get here?

What  we have ignored!

Presenter
Presentation Notes
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.





CLINICAL VS EXPERIMENTAL 
REASONING

• Guilt-by-Association: Medical logic is inferential. 
Based on the evidence, the diagnosis is inferred.

• Test-by-transplantation: Experimental logic requires 
experiments. In mice, the experiment requires 
transplantation

Presenter
Presentation Notes
It is important to understand that clinical reasoning by its very nature is by inference.  It is, however, a testimony to the observatory powers of the clinician and their observational abilities. Experimental reasoning considers the “diagnosis” an unproven hypothesis until tested experimentally. 



CLINICAL VS EXPERIMENTAL 
BIOLOGY

• 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).

Presenter
Presentation Notes
Consider how the clinician gathers data to arrive at a diagnosis.  Through observation of the patient and knowledge of all of the data collected in similar cases, they can supplement their observations with lab tests and imaging techniques.  But again, they are limited by the inferences of the pathologist and radiologist.  Experimental proof takes years to accumulate and validate using statistics.  Experimentally, the clinician is limited to tissue culture and xenografts.
Experimental: tissue culture and xenografts.
Using laboratory animals, such as mice, permits a different type of hypothesis building.  While one is able to use prior knowledge, one is also able to test any hypothesis and the reproducibility of any data using multiple animals and homogeneous populations.  Genetic engineering expands the experimental potential of the animals.  Using syngeneic mice, one can introduce even more complexities to the experimental verification.
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Predetermine Breast Cancer Trajectories 
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Veronica Lubkov1,2, Hidetoshi Mori3, Peter 
G. Boone1,2, Lauren K. Rochelle1, Wendy L. 
Roberts1, Jeffrey I. Everitt4, Zachary C. 
Hartman2,4, Erika J. Crosby2, Lawrence S. 
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Three dimensionally reconstructing HER2+ cancer 
progression-16 weeks


Creation Date: 2019-12-12 15:27:00.094
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CLINICAL VS EXPERIMENTAL 
BIOLOGY

• 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).

Presenter
Presentation Notes
Consider how the clinician gathers data to arrive at a diagnosis.  Through observation of the patient and knowledge of all of the data collected in similar cases, they can supplement their observations with lab tests and imaging techniques.  But again, they are limited by the inferences of the pathologist and radiologist.  Experimental proof takes years to accumulate and validate using statistics.  Experimentally, the clinician is limited to tissue culture and xenografts.
Experimental: tissue culture and xenografts.
Using laboratory animals, such as mice, permits a different type of hypothesis building.  While one is able to use prior knowledge, one is also able to test any hypothesis and the reproducibility of any data using multiple animals and homogeneous populations.  Genetic engineering expands the experimental potential of the animals.  Using syngeneic mice, one can introduce even more complexities to the experimental verification.



Normal Human Cervical 
Cells

Malignant Human Cervical 
Cells

Presenter
Presentation Notes
The Pap Smear is cytological.  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.



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

Presenter
Presentation Notes
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
Progression

Normal

CIN I

CIN II

CIN III

CANCER (Invasion)

George Papanicolaou

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

Presenter
Presentation Notes
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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