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Presenter
Presentation Notes
Good afternoon. Wellcome Back! Today we will discuss some of the functional features that can be found in the Human Breast and Mammary gland  



Due Diligence 

1. Size of TDLU
a) RDC and ADB 
b) Jindal et al
c) Kinsler et al

2. How many Epithelial Cell 
types?



TDLU: 
SIZE AND NUMBER

Kensler KH, Liu EZF, Wetstein SC, Onken AM, Luffman
CI, Baker GM, Collins LC, Schnitt SJ, Bret-Mounet VC, 
Veta M, Pluim JPW, Liu Y, Colditz GA, Eliassen AH, 
Hankinson SE, Tamimi RM, Heng YJ. Automated 
Quantitative Measures of Terminal Duct Lobular Unit 
Involution and Breast Cancer Risk. Cancer Epidemiol
Biomarkers Prev. 2020 Nov;29(11):2358-2368. doi: 
10.1158/1055-9965.EPI-20-0723. Epub 2020 Sep 11. 
PMID: 32917665; PMCID: PMC7642012.



MOUSE-HUMAN 
MAMMARY 
EPITHELIUM
sc-RNA-Seq



COMPUTER RECONSTRUCTION
by Going



Subgross and Functional Histology

Presenter
Presentation Notes
As discussed last time, our focus will be on the functional unit of the mammary gland, the TDLU, the Terminal Ductal Lobular Unit.



In 

Presenter
Presentation Notes
Seen in the three dimensional subgross preparations by Hanne Jensen and Sefton Wellings, the TDLUs appear like grapes hanging from the stem.



Subgross and Functional Histology

Presenter
Presentation Notes
Wellings’ diagram was used to define the terms. 



Type 1

Type 2

Type 3

Type 1 Type 2 Type 4Type 3

THE FOUR “TYPES” OF TDLU
JINDAL and SCHEDIN

Presenter
Presentation Notes
Figure 9: The Heterogeneity of Adult Human TDLU:  The human adult mammary gland is composed of a variety of lobules. The low magnification image shows a variety of lobular sizes and configurations that can be classified according to area occupied by lobules, number of acini per lobule and number of nuclei per lobule (graphs). Representative lobular types are seen. The H & E stained images of lobules representative of types 1 to 4 in human breast. Lobular area distinguishes between lobules types 2, 3 and 4 (*P ≤0.0001) but not between undifferentiated types 1 and 2. Acinar count per lobule distinguishes lobule types into type 1 (green) with~ 10 ± 4 acini per lobule, type 2 (yellow) as ~35 ± 5 acini per lobule, type 3 (pink) as approximately 114 ± 10 acini per lobule and type 4 (blue) based on secretory morphology. Number of nuclei per lobule quantitated for lobular types 1, 2 and 3 (*P ≤0.002) are significantly different. Scale Bar=200um. (Graphs: Reprinted from Breast Cancer Res. , 16:R31, Jindal S, Gao D, Bell P, et al., Postpartum breast involution reveals regression of secretory lobules mediated by tissue-remodeling. 2014,  with permission from Biomed Central). 
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EX10-0218DV-12-TDLU 3-HE-10X-
RDC

Presenter
Presentation Notes
This type three TDLU will be used to demonstrate various aspects of the TDLU. First, notice that the primary TDLU is adjacent to other TDLUs that surround a central collecting duct. Then note that the stroma of our TDLU of interest has a looser stroma. That is better seen at higher magnification.



EX10-0218-Telleys-20x-Normal-rdc

Presenter
Presentation Notes
Here we see our target TDLU which is sounded by a dense collegen pink matrix. However the matrix within the TDLU is loose and has scattered non-epithelial cells. The acini are lined by a layer of epithelial cells…the so-called luminal epithelium. And a less obvious myoepithilial cell layer. 



Krt8/18

Presenter
Presentation Notes
The luminal cells are clearly demarked using a immunohistochemincal stain for cytokeratin 8/18. The stain turns the cytoplasm of luminal cells into a dark brown color.



SMA

Presenter
Presentation Notes
Now compare the IHC stain for keratin with the IHC stain for smooth muscle actin. The SMA stains the MYOEPITHELIal cytoplasm dark brown.  The luminal epithelium Makes the Milk and the Myoepithelium contracts to expel the milk.



EX10-0218DV-3-TDLU1-ER-20X-
RDC

Presenter
Presentation Notes
The milk producing epithlium is a endocrine end organ. It contains receptors for estrogen Shown here as positive nuclei and esterogen



EX10-0218DV-3-TDLU1-PR-20X-
RDC

Presenter
Presentation Notes
Shown here by IHC.( Incidentally This was Dr. Shaymala Harris’s expertise).



EX10-0218DV-12-TDLU1-ER-10X-
RDC



The “Menstrual Cycle”



Human Menstrual Cycle

Proliferative phase Secretory phase

Human Menstrual Cycle

Presenter
Presentation Notes
Figure 13: The Microscopic Anatomy of Human Menstrual Cycle: Human mammary gland is sensitive to the menstrual cycle hormonal milieu. Representative H&E images of breast lobules are seen in proliferative (follicular) and secretory (luteal) phase of menstrual cycle. During the proliferative stage there is acinar clustering with less distinguished epithelial and myoepithelial cells, sparse stromal immune cell infiltration with condensed stroma. During the secretory phase, acini have extensive myoepithelial cell vacuolization, increased immune cells with stromal edema. Scale bar 100 um 



ST12-0010-HE-TDLU1-20X-
scalebar-RDC

Loose CT 

Presenter
Presentation Notes
Here is a high magnification of a menstral TDLU. Note the very loose connective tissue suggesting increased edema fluid and the very swollen MEP cell between the luminal epithelium (Blue) and the basement membranes(RED)



ST12-0010-PANEL-HE-KI-ER-PR-
20X-RDC

KI67

PRER

H&E

Presenter
Presentation Notes
The TDLU tend to have a higher level of mitosotic figures during estrus as seen by elevated levels of the mitotic protein Ki 67



ST12-0010-HE-TDLU1-20X-
scalebar-RDC

Loose CT 

Presenter
Presentation Notes
Here is a high magnification of a menstrual TDLU. Note the very loose connective tissue suggesting increased edema fluid and the very swollen MEP cell between the luminal epithelium and the basement membranes. But also notice the plasma cells (blue arrow) and mast cells (red arrow). The plasma cells provide the IgA that provides some protection when secreted in the milk.



Martín E. García Solá, Micaela Stedile, Inés Beckerman & Edith C. Kordon
Journal of Mammary Gland Biology and Neoplasia volume 26, pages29–42 (2021)

How many types of ME Cells exist?

https://link.springer.com/article/10.1007/s10911-021-09488-1#auth-Mart_n_E_-Garc_a_Sol_
https://link.springer.com/article/10.1007/s10911-021-09488-1#auth-Micaela-Stedile
https://link.springer.com/article/10.1007/s10911-021-09488-1#auth-In_s-Beckerman
https://link.springer.com/article/10.1007/s10911-021-09488-1#auth-Edith_C_-Kordon
https://link.springer.com/journal/10911


Henry, S., Trousdell, M.C., Cyrill, S.L. et al. Characterization of Gene Expression 
Signatures for the Identification of Cellular Heterogeneity in the Developing 
Mammary Gland. J Mammary Gland Biol Neoplasia 26, 43–66 (2021). 
https://doi.org/10.1007/s10911-021-09486-3

Normal cell-type epigenetics and breast cancer 
classification: a case study of cell mixture-adjusted 
analysis of DNA methylation data from tumors
Eugene Andrés Houseman 1, Tan A Ince 2

NON- ME 
Cells Stroma

https://pubmed.ncbi.nlm.nih.gov/?size=20&term=Houseman+EA&cauthor_id=25574126
https://pubmed.ncbi.nlm.nih.gov/25574126/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?size=20&term=Ince+TA&cauthor_id=25574126
https://pubmed.ncbi.nlm.nih.gov/25574126/#affiliation-2


DNA/CK/CD3(T cells)/CD20(B cells)

Dr. Hidetoshi Mori

Presenter
Presentation Notes
We would be remiss if we did not demonstrate the lymphocytes and macrophages in normal stroma of the TDLU. Here is a multiplex image of a TDLU showing epithelium (White), stromal T-Cells Green and Macrophages (RED) in the stroma. S



DNA/CK/CD8(CTL cells)/CD68(Macrophage)

Dr. Hidetoshi Mori

Presenter
Presentation Notes
The same TDLU showing white keratin. CD8 T-cells (green) and macrophages (red)



PLASMA CELLS PRODUCE
IgA and IgM



PLASMA CELLS PRODUCE
IgA and IgM



LACTATION subgross

B

Presenter
Presentation Notes
The final product of all these hormones, luminal cells is lactation. Here the TDLU multiply and fill with Milk that then, with a bit of oxytocin that is expelled down through this extensive ductal systens out through the ostea of the nipple to the needy infant. 



MAMMARY NATURAL HISTORY:
Ageing

Presenter
Presentation Notes
Sefton studied breast development and ageing. He provided this diagram of aging in the female breast. Read label



Elderly

Post-
menopausal

Young Adult

B

Reproductive

Presenter
Presentation Notes
So the sub-gross images can be used to validate the changes in the TDLU with the health young adult, to milk production than early menopaus and the elderly breast
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TCGA-01 TDLU 30 YO HI 3-HE-4X-
psd-RDC1 TDLU 30 YO HI



BY POPULAR DEMAND:

WHAT ARE THE CHARACTERISTICS 
OF THE 

MAMMARY EPITHELIUM?



TDLU: 
SIZE AND NUMBER

Kensler KH, Liu EZF, Wetstein SC, Onken AM, Luffman
CI, Baker GM, Collins LC, Schnitt SJ, Bret-Mounet VC, 
Veta M, Pluim JPW, Liu Y, Colditz GA, Eliassen AH, 
Hankinson SE, Tamimi RM, Heng YJ. Automated 
Quantitative Measures of Terminal Duct Lobular Unit 
Involution and Breast Cancer Risk. Cancer Epidemiol
Biomarkers Prev. 2020 Nov;29(11):2358-2368. doi: 
10.1158/1055-9965.EPI-20-0723. Epub 2020 Sep 11. 
PMID: 32917665; PMCID: PMC7642012.



Normal TDLU with Multiplex (INCE)

J Clin Invest. 2014 Feb 3; 124(2): 859–870.
Taxonomy of breast cancer based on normal cell 
phenotype predicts outcome
Sandro Santagata,1 Ankita Thakkar,2 Ayse Ergonul,2 Bin 
Wang,2 Terri Woo,1 Rong Hu,3,4 J. Chuck Harrell,5 George 
McNamara,2 Matthew Schwede,6 Aedin C. Culhane,6 David 
Kindelberger,1 Scott Rodig,1 Andrea Richardson,1 Stuart J. 
Schnitt,7 Rulla M. Tamimi,3,4 and Tan A. Ince2

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3904619/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Santagata%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24463450
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thakkar%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24463450
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ergonul%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24463450
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24463450
https://www.ncbi.nlm.nih.gov/pubmed/?term=Woo%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24463450
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hu%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24463450
https://www.ncbi.nlm.nih.gov/pubmed/?term=Harrell%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=24463450
https://www.ncbi.nlm.nih.gov/pubmed/?term=McNamara%20G%5BAuthor%5D&cauthor=true&cauthor_uid=24463450
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schwede%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24463450
https://www.ncbi.nlm.nih.gov/pubmed/?term=Culhane%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=24463450
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kindelberger%20D%5BAuthor%5D&cauthor=true&cauthor_uid=24463450
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rodig%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24463450
https://www.ncbi.nlm.nih.gov/pubmed/?term=Richardson%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24463450
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schnitt%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=24463450
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tamimi%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=24463450
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ince%20TA%5BAuthor%5D&cauthor=true&cauthor_uid=24463450


Normal TDLU with Multiplex (INCE)

Figure 2
Expression of intermediate 
filaments, ER, AR, and VDR in 
normal human breast. 
Double IHC (A and J) and 
merged images (B, C, E–I, and
K–M) of normal human 
breast FFPE sections…



Human Mammary Epithelium 
( TAN INCE)



scRNA Seq

García Solá, M., Stedile, M., Beckerman, I. et al. An Integrative Single-cell 
Transcriptomic Atlas of the Post-natal Mouse Mammary Gland Allows Discovery of 
New Developmental Trajectories in the Luminal Compartment. J Mammary Gland 
Biol Neoplasia 26, 29–42 (2021). https://doi.org/10.1007/s10911-021-09488-1

Henry, S., Trousdell, M.C., Cyrill, S.L. et al. Characterization of Gene Expression 
Signatures for the Identification of Cellular Heterogeneity in the Developing 
Mammary Gland. J Mammary Gland Biol Neoplasia 26, 43–66 (2021). 
https://doi.org/10.1007/s10911-021-09486-3



García Solá, M., Stedile, M., Beckerman, 
I. et al. An Integrative Single-cell 
Transcriptomic Atlas of the Post-natal 
Mouse Mammary Gland Allows 
Discovery of New Developmental 
Trajectories in the Luminal 
Compartment. J Mammary Gland Biol
Neoplasia 26, 29–42 (2021). 
https://doi.org/10.1007/s10911-021-
09488-1



S0LAR ET AL



MOUSE-HUMAN 
MAMMARY 
EPITHELIUM
sc-RNA-Seq



THE HUMAN BREAST

THE INTERMISSION

TO BE CONTINUED NEXT WEEK WITH PATHOLOGY







What goes wrong when 
cells go wrong?
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