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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?



SIZE AND NUMBER

Table 2. Quantitative TDLU measures and breast cancer risk factors among 1,083 controls.

TDLU:

Kensler KH, Liu EZF, Wetstein SC, Onken AM, Luffman
Cl, 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.

Median TDLU
span (pm)

TDLU
counts/mm?

Median acini
counts/TDLU

Median TDLU
area (mm?)

Age at BBD biopsy
<40 years
40-49 years
50-59 years
=60 years

Nonproliferative
Proliferative without atypia
Atypical hyperplasia
P
Body size at ages 5-10 years
Level 1
Level 1.5to0 2
Level =2.5
p
BMI (kg/m?)
<25
25 to <30
=30
P

303
625
155

308
276
353

612
288
169

0.56 (0.55-0.58)
0.52 (0.51-0.53)

0.47 (0.45-0.48)
0.46 (0.44-047)
<0.001

0.49 (0.48-0.51)
0.51 (0.50-0.52)
0.51 (0.50-0.53)
0.06

0.51 (0.50-0.53)
0.51 (0.50-0.52)
0.50 (0.49-0.51)
0.44

0.51 (0.50-0.52)
0.50 (0.49-0.52)
0.51 (0.49-0.52)
0.88

0.48 (0.44-0.52)
0.49 (0.46-0.51)
0.43 (0.40-0.46)
0.38 (0.34-0.42)
<0.001

0.43 (0.40-0.46)
0.46 (0.44-0.48)
0.48 (0.44-0.53)
0.4

0.46 (0.43-0.49)
0.45 (0.42-0.48)
0.46 (0.44-0.49)
0.84

0.45 (0.43-0.47)
0.45 (0.42-0.48)
0.48 (0.44-0.52)
0.44

7.56 (7.11-8.04)
7.52 (7.18-7.87)
5.32 (5.02-5.64)
433 (3.99-4.71)
<0.001

6.40 (6.05-6.78)
6.36 (6.12-6.62)

6.86 (6.33-7.43)
0.25

6.58 (6.22-6.97)
6.66 (6.27-7.07)
6.12 (5.80-6.45)
0.07

6.52 (6.26-6.78)
6.62 (6.24-7.07)
5.90 (5.47-6.36)
0.04

0.1 (0.10-0.11)
0.09 (0.09-0.10)
0.07 (0.07-0.07)
0.07 (0.06-0.07)
<0.001

0.08 (0.08-0.09)
0.09 (0.08-0.09)
0.09 (0.08-0.10)
0.04

0.09 (0.08-0.09)
0.09 (0.08-0.09)
0.08 (0.08-0.09)
0.10

0.09 (0.08-0.09)
0.08 (0.08-0.09)
0.08 (0.08-0.09)
0.34
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COMPUTER RECONSTRUCTION




Subgross and Functional Histology
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FIGURE 8

Diagram of Terminal Ductal Lobular Unit {TDLU). ETD: Extralobular Termina! Duct. ITD:
Intralobular Terminal Duct, which is the axial core of the lobule. A: Acinus (or alveolus ar
ductule).
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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.




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


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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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.




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. 
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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.
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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.
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Presenter
Presentation Notes
The milk producing epithlium is a endocrine end organ. It contains receptors for estrogen Shown here as positive nuclei and esterogen
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Presentation Notes
Shown here by IHC.( Incidentally This was Dr. Shaymala Harris’s expertise).
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The “Menstrual Cycle”
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Human Menstrual Cycle

Human Menstrual Cycle

Proliferative phase
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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 
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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
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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




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.


How many types of ME Cells exist?
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Dr. Hidetoshi Mori
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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
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Presentation Notes
The same TDLU showing white keratin. CD8 T-cells (green) and macrophages (red)
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LACTATION subgross
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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

FIGURE 11

Diagram illustrating the natural history of a normal human mammary lobufe which
progresses from premenarche (upper left) through the reproductive years (bottom left and
bottom right), to post-menopausal (senescent) atrophy (upper right).
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Sefton studied breast development and ageing. He provided this diagram of aging in the female breast. Read label


Elderly

e
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FIGURE 11 Post-

Diagram illustrating the natural history of a normal human mammary lobule which menopausa [

progresses from premenarche (upper left) through the reproductive years (bottom left and
bottom right), to post-menopausal {senescent) atrophy (upper right}.

Young Adult 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


Table 2. Quantitative TDLU measures-and breast cancer risk factors among 1,083 controls. -

n - span (um) - counts/mm? ‘counts/TDLU - | area (mm?)

Age at BBD biopsy _ : : : : : S :
<40 years: : 244 0.56 (0.55-0.58) : 0.48 (0.44-0.52) 7.56 (7.11-8.04) 0.1:(0.70-011)

.. A0-49yedrs. .. ... ... 0....... 4310 .....052(051-053). ... .. .0.49(0.46-051). ... ... 1752(718-787). .. ... ... 0.09(0.09-0.10) .
50-59 years : 272 0.47 (0.45-0.48) - 0.43 (0.40-0.46) 532 (5.02-564) | 0.07 (0.07-0.07)
=60 years: ; 136 - 0.46 (0.44-0.47) ; 0.38 (0.34-0.42) 4,33 (3.99-4.77) E 0.07 (0.06-0.07)
P 1 L - <0.001 . : ) {D.EQL' : - -<0.001 1 <0.001

-,




TCGA-01 TDLU 30 YO HI 3-HE-4X-
psd-RDC1




BY POPULAR DEMAND:

WHAT ARE THE CHARACTERISTICS
OF THE
MAMMARY EPITHELIUM?



SIZE AND NUMBER

Table 2. Quantitative TDLU measures and breast cancer risk factors among 1,083 controls.

TDLU:

Kensler KH, Liu EZF, Wetstein SC, Onken AM, Luffman
Cl, 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.

Median TDLU
span (pm)

TDLU
counts/mm?

Median acini
counts/TDLU

Median TDLU
area (mm?)

Age at BBD biopsy
<40 years
40-49 years
50-59 years
=60 years
p

BBD histologic subtype
Nonproliferative
Proliferative without atypia
Atypical hyperplasia
P

Body size at ages 5-10 years
Level 1
Level 1.5to 2
Level z2.5
p

BMI (kg/m?)
<25
25 to <30
=30
P

244
431
272
136

303
625
155

308
276
353

612
288
169

0.56 (0.55-0.58)
0.52 (0.51-0.53)

0.47 (0.45-0.48)
0.46 (0.44-047)
<0.001

0.49 (0.48-0.51)
0.51 (0.50-0.52)
0.51 (0.50-0.53)
0.06

0.51 (0.50-0.53)
0.51 (0.50-0.52)
0.50 (0.49-0.51)
0.44

0.51 (0.50-0.52)
0.50 (0.49-0.52)
0.51 (0.49-0.52)
0.88

0.48 (0.44-0.52)
0.49 (0.46-0.51)
0.43 (0.40-0.46)
0.38 (0.34-0.42)
<0.001

0.43 (0.40-0.46)
0.46 (0.44-0.48)
0.48 (0.44-0.53)
0.4

0.46 (0.43-0.49)
0.45 (0.42-0.48)
0.46 (0.44-0.49)
0.84

0.45 (0.43-0.47)
0.45 (0.42-0.48)
0.48 (0.44-0.52)
0.44

7.56 (7.11-8.04)
7.52 (7.18-7.87)
5.32 (5.02-5.64)
433 (3.99-4.71)
<0.001

6.40 (6.05-6.78)
6.36 (6.12-6.62)

6.86 (6.33-7.43)
0.25

6.58 (6.22-6.97)
6.66 (6.27-7.07)
6.12 (5.80-6.45)
0.07

6.52 (6.26-6.78)
6.62 (6.24-7.07)
5.90 (5.47-6.36)
0.04

0.1 (0.10-0.11)
0.09 (0.09-0.10)
0.07 (0.07-0.07)
0.07 (0.06-0.07)
<0.001

0.08 (0.08-0.09)
0.09 (0.08-0.09)
0.09 (0.08-0.10)
0.04

0.09 (0.08-0.09)
0.09 (0.08-0.09)
0.08 (0.08-0.09)
0.10

0.09 (0.08-0.09)
0.08 (0.08-0.09)
0.08 (0.08-0.09)
0.34



Normal TDLU with Multiplex (INCE)
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Figure 1

Expression of intermediate filaments and ER in normal
human breast. Single and double IHC with immunoperoxi-
dase (A-E, G, I, and K) and merged IHC images (F and J) of
normal human FFPE sections are shown. (A) K7/18 (brown).
(B) K18 (red) and K19 (brown). (C) K5/14 (brown). (D) CD10
(red) and K14 (brown). (E) K5/14 (brown) and SMA (red).
(F) K18 (green) and K14 (red). Merged K14+K18+ appears
yellow. (G) K5/14 (red) and ER (brown). We designated
this population of cells K5/14/17+ because the tissue sec-
tions were not stained simultaneously with these markers.
(H) Differentiation states of normal luminal epithelial cells,
based on expression of ER and keratins. (I) Ki67 (brown) and
K5/14 (blue). (J) ER (green) and Ki67 (red). (K) K18 (red)
and Ki67 (brown). (L) Differentiation states of normal luminal
epithelial cells, based on ER, keratins, and Ki67. Represen-
tative images were selected from multiple patient samples
(n =36). Original magnification, x20 (A); x40 (B); x200 (F); x400
(C, G, and I-K); x600 (D and E). See hitp://sylvester.org/ince
for additional high-resolution images.

J Clin Invest. 2014 Feb 3; 124(2): 859-870.
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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)

Table 1
Cellular differentiation states in normal human breast lobules

Cell type ER AR VDR K514/17 Ki67 Cld-4 K7/8/18 CD10/SMA/p63
Luminal

L1 (HRO) Ki6 7+ - - - - + + _
L2 (HRO) K18+ - - - - - + + _
L3 (HRO) K5+ - - - + - + n _
L4 (HR1) ER+ + - - - - + + -
L5 (HR1) AR+ - + - - - + + _
L6 (HR1) VDR* - - = - - + + _
L7 (HR1) K5+VDR+ - - - - - - + -
L8 (HR2) ER+AR+ + + - - - + + -
L9 (HR2) ER+*VDR* + - = - - + + _
L10 (HR2) AR+VDR+ - + + - - + " -
L11 (HR3) ER*AR*VDR* + + - - - + + -
Myoepithelial

My CD10* - - - - - - _

|"u"|'_|,.f2 K5+ — — - + — — —

IHC of normal breast sections from multiple donors (n = 36) with 14 different markers identified multiple normal breast cell subtypes. We grouped the 11 dif-
ferentiation states in the luminal layer of human breast lobules (L1-L11) into HRO-HR2. All luminal cells expressed K7/8/18 and Cld-4. In the myoepithelial
layer, all cells expressed CD10/SMA/pES, with 2 subtypes that were either K5M14/17- (My1) or K&/14/17+ (My2).
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Fig. 2 Identification of mammary gland clusters based on their tran-
scriptomic features. (a) UMAP plot showing the identification of the
obtained cell clusiers with putative mammary epithelial subpopula-
tion by color code. (b) UMAP displaying melative expression levels
of mammary subpopulation markers. (¢) Dendrogram mepresenting

cell clusters in hierarchical structure. Subpopulation distribution is
indicated in each main branch. (d) Heatmap highlighting top 5 key
marker genes used to infer the identities of clusters. The bars located

above the figure indicate the associated cell subpopulations

Garcia Sola, 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
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Fig.7 Diagram of MEC hierarchy from multipotent MaSC to the cell
lineages determined by our sc-RNAseq integrative analysis. In each
oval a few featured genes/proteins for each mammary cell sub-type
are displayed. Small green ovals on the borders represent membrane
proteins recognizable by antibodies suitable for FACS. Genes encod-
ing intracellular proteins are indicated inside the “cells”. Arrows
represent the general pseudotemporal trajectory of mammary cell
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differentiation. The circle compassing the luminal sub-populations
indicates the cycling pattern of these cell types throughout post-natal
life of female mice. Its colors depict the developmental process: pro-
genitor cells of nulliparous females are at the beginning of our lumi-
nal pseudotime (purple), differentiated hormone-sensing and alveolar
cells are intermediate stages (pale orange) and, at the end, luminal
progenitors arise again in post-involution samples (yellow)
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" THE INTERMISSION

Table 2. Quantitative TDLU measures-and breast cancer risk factors among 1,083 controls. -

THE HUMAN BREAST

 MedianToLu

span (pm) counts/mm?

" -Median acini - '
-counts/TDLU - l

 Median TDLU

area (mm?)

=

Age at BBD hiopsy
<40 years: )

CAD-AQ yedrs. ...l
50-59 years
=60 years:

i

244
A3
272

136

0.48 (0.44-0.52)
.0.49 (0.46-0.5D). .. . ...
0.43 (0.40-0.46)
0.38 (0.34-0.42)

0.56 (0.55-0.58)

0.52 (0.51-0.53) .. . . ..
0.47 (0.45-0.48) -
0.46 (0.44-0.47)

1756 (7.1-8.04) |
17.52.(718-787). . . ...
:5.32 (5.02-5.64)
14.33 (3.99-4.71)
'<0.001

ot

TO BE CONTINUED NEXT WEEK WITH PATHOLOGY

0.11:(0.10-0.11)
0.09 (0.09-0.10) .
0.07 (0.07-0.07)
0.07 (0.06-0.07)
<0.001






Mormal
mammary Damage

tissue Acute

Basement
THE -l TH 1

membrane

Myoepithelial

cell Ductal

epithelial cell

Cancer cell

°
@ Apoptotic cell
=

Diendrtic call

%,
h'




+ » What goes wrong when

Mﬁ ‘* ceIIs go wrong?







	Structure and Function�of the�Human Breast L2
	Due Diligence 
	TDLU: �SIZE AND NUMBER
	MOUSE-HUMAN MAMMARY EPITHELIUM�sc-RNA-Seq
	COMPUTER RECONSTRUCTION�by Going
	Subgross and Functional Histology
	In 
	Subgross and Functional Histology
	THE FOUR “TYPES” OF TDLU
	Slide Number 10
	EX10-0218DV-12-TDLU 3-HE-10X-RDC
	EX10-0218-Telleys-20x-Normal-rdc
	Slide Number 13
	Slide Number 14
	EX10-0218DV-3-TDLU1-ER-20X-RDC
	EX10-0218DV-3-TDLU1-PR-20X-RDC
	EX10-0218DV-12-TDLU1-ER-10X-RDC
	The “Menstrual Cycle”
	Human Menstrual Cycle
	ST12-0010-HE-TDLU1-20X-scalebar-RDC
	ST12-0010-PANEL-HE-KI-ER-PR-20X-RDC
	ST12-0010-HE-TDLU1-20X-scalebar-RDC
	How many types of ME Cells exist?
	NON- ME Cells Stroma
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	LACTATION subgross
	MAMMARY NATURAL HISTORY:�Ageing
	Slide Number 31
	Slide Number 32
	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
	Normal TDLU with Multiplex (INCE)
	Normal TDLU with Multiplex (INCE)
	Human Mammary Epithelium �( TAN INCE)
	scRNA Seq
	Slide Number 40
	Slide Number 41
	MOUSE-HUMAN MAMMARY EPITHELIUM�sc-RNA-Seq
	THE HUMAN BREAST��THE INTERMISSION
	Slide Number 44
	Slide Number 45
	What goes wrong when �cells go wrong?
	Slide Number 47

