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 Endometrial regeneration, the stem cell hypothesis and
gynaecological disease

« Evidence for Stem/progenitor cell activity in human and
mouse endometrium

« Markers of endometrial stem/progenitor cells
 Origin of endometrial stem/progenitor cells
« Endometrial cancer and evidence for cancer stem-like cells

« Endometrial Stem/progenitor cells in endometriosis
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. Regeneratlve Capacity of Human Endometrium
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M Hypothesis
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The endometrial basalis contains a small population
of epithelial stem cells and stromal stem cells
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Endometrial Stem Cell Disorders

RIS - R
Endometrial Cancer Amant ot 2000
Mutated stem/progenitor cell — tumor %fg,

responsible for progression, metastasis, recurrence

Endometriosis
Normal stem/progenitor cell shed into peritoneal
cavity — ectopic implant

Adenomyosis

Normal stem/progenitor cells, abnormal niche,
inappropriate differentiation — ectopic growth,
SMC hyperplasia

Asherman’s Syndrome, Ablation
Damage/loss of normal stem/progenitor cells

Inadequate endometrium for IVF
Diminished activity of normal stem/progenitor cells
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Adult Stem Cells - Properties

High proliferative potential
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CFU Activity of Human Endometrial Cells
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« CFU are present in inactive endometrium

« CFU activity similar for proliferative and secretory stages
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Stem/Progenitor Cell Activity

in Normal Human Endometrlum SCFUZ
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/\/\. Human Endometrial Stem/Progenitor Cell
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Reconstruction of human endometrial like tissue from transplanted
human endometrial cells

Ccb13/CcD9/Ho
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Hormone-dependent functional changes of reconstructed endometrium
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Side Population (SP) Cells in Human Endometrium
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* Endometrial SP cells are heterogeneous Ko Kot a1 2007
» Endothelial, Epithelial, Stromal cells
* Express ABCG2/Brcp1, telomerase, OCT-4, c-KIT ceneloietal 2010
 Clonogenic
* Differentiate
» Reconstruct endometrial
tissue components
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M\Nhere are Endometrial Stem/Progenitor Cells Located?
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The search for endometrial stem/progenitor cell markers
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M Mouse Endometrial Epithelial and Stromal
Jd Stem/Progenitor Cells — Label Retaining Cells (LRC)
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Epithelial LRC Stromal LRC

3% of epithelial cells 6% of stromal cells
Luminal epithelium Perivascular
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/\/\‘ LRC In Mouse Model of Endometrial

Breakdown and Repair
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Regeneration and Repair Models

1. Endometrial growth during development
Luminal epithelial LRC

2. Endometrial repair following breakdown
Glandular epithelial LRC

Location of LRC varies between Endometrial
I

Different mechanisms involved between growth and
repair following tissue damage
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y Searching for Human Endometrial Epithelial
M Stem/Progenitor Cell Markers
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Screened with an antibody panel to 30 surface markers
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* Differentiation
* |n vivo reconstitution
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Markers to Isolate Endometrial Mesenchymal Stem Cells

Co-expression of CD146 and PDGFRpB — 8 fold purification of
MSC-like cells compared to freshly isolated stromal cells

— clonogenic
— Multipotent

adipocytes, SMCs, chondrocytes, osteoblasts
— MSC surface phenotype
— perivascular location
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Are Endometrial MSC-like cells in the
Tela
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Endometrial MSC will be shed in menstrual blood
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Origin of Human Uterine Stem/Progenitor Cells
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¢ ReS|dua| Muue”an dUCt fetal Stem Ce”S Gargett, Hum Reprod Update, 2007

« Circulating bone marrow (stem) cells
* HLA or gender mismatch BMT recipients
with donor HLA type or male glands, stroma

Human Mouse
CD45* Y* leukocyte CK*Y™* epithelial cell

Du H & Taylor 2007

Conditional expression of EGFP in
CDA45 expressing cells using
CD45/Cre-Z/EG mouse (n=1)

Bratincsak, A. et al. 2007
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M@Pﬁﬁiﬂﬂ?ﬂﬁ%ﬁ Cancer Stem Cells

Initiation, progression, metastasis, drug resistance, recurrence
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/\/\| Cancer Stem Cells in Endometrial Carcinoma
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Cancer Stem Cells in Endometrial Carcinoma

M 0]
e Self renewal in vitro » Self renewal in vivo

EC F1 F2 F3 C1 C2 C3 C4 NTC

CK8
B-CAT
BMI-1
NANOG
SOX-2
GAPDH

O

1 O

0

Subclonings
Sample (M, range)g N
Hyperplasia 2.5(2,3) 2
Grade 1 3 (1-5) 11
Grade 2 3 (3-4) 5
-Grade 3 3.5(3,4) 2
H.Type [l 4 (1 -4) 3 Hubbard et al, Cancer Research 2009




Stem/Progenitor Cells in Menstrual Blood

Cultured cells from menstrual blood contains MSC-like cells

* MSC cell surface phenotype

« Express OCT4, c-KIT, SSEA4 (pluripotency markers), telomerase
* Differentiate in vitro: cardiomyocytes, neural, hepatic, lung cells
* Differentiate in vivo: cardiomyocyts, skeletal muscle

Suggested as a source of cells for regenerative medicine

Cuietal 2007; Meng et al 2007; Patel et al, 2008
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Endometrial stem/progenitor cells in Endometriosis
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N Summar
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Human and Mouse Endometrium co
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Epithelial progenitor cells

« Clonogenic

* self-renew, high proliferative potential, differentiate

 SP cells

» Label retaining cells, ERa~

Human Mouse
 Markers unknown Functionalis ~ Epithelial LRC

? Epithelial eMSC ‘“‘*m

Endometrlal MSC—Ilke Ce”S progenitor

« Clonogenic °e"s

* self-renew, multipotent T R

* high proliferative potential ‘* £ Ima m —
» Perivascular T o
 Purified in CD146"PDGFRB* stromal fraction

« Shed during menstruation

* Proposed to use in tissue engineering applications
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Functional identity and differentiation capacity

Mi of human endometrial stem/progenitor cells
ssaabergddl)

Possible Commitment

Stem/Progenitor Cell Type

epithelial cells stromal cells other cells
Clonogenic epithelial cells (CFU) +
Clonogenic stromal cells (CFU) + SO, ORegiics, Slile
chondrocytes
CD146*PDGF-RpB* stromal cells + adipocytes, osteocytes, SMC,
chondrocytes
Egl(ljsometrlal tissue reconstituting + + Endothelial cells (EC)
Cultured endometrial stromal n chondrocytes,
cells dopaminergic neurons
SP cells + + endothelial cells, SMC
Bone-marrow derived cells + +

cardiomyocytes, myocytes,
Menstrual blood cells + adipocytes, osteocytes, SMC

chondrocytes, neural cells
Endothelial progenitor cells
(bone marrow derived)

Mouse LRC + + perivascular cells

EC, perivascular cells



Endometrial Stem/Progenitor Cells:

Clinical relevance
e e B L L ——

CSC in Endometrial Cancer
« Clonogenic, Tumour initiating cells
» Self renew in vitro and in vivo Ye=rcsc

 Differentiate in vivo \
« Derived from epithelial progenitor cells /
Hubbard &

or their progeny
« CD133 may be a marker (ruteia et al 2009) e -
* Involved in progression, metastasis, recurrence reS|stance
. angni' for novel treatment
Normal Endometrial Stem/progenitor Cells may have roles in
 Endometriosis lesion development
« Adenomyosis
« Generating adequate endometrium for IVF after biopsy/injury

Barash, Fertil Steril 200¢

Potential endometrial stem/progenitor cell therapy
« MSC for autologous cell-based therapy for pelvic organ prolapse

Mi

Typel Type ll
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M- Unresolved questions

J in Endometrial Stem/Progenitor Cell Research
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1. Markers to identify endometrial epithelial progenitors

2. Relationship between cultured endometrial stromal cells
and endometrial MSC (CD146*PDGFR[*)?

3. What is the relationship between
* clonogenic cells
 SP cells
« Tissue reconstituting cells
« LRC?
4. How many endometrial stem/progenitor cell types are there?

One or more?
le epithelial, stromal (MSC), endothelial progenitor cells?

5. Endogenous &/or bone marrow origin of endometrial
stem/progenitor cells?

%{3_ MONASH Universi’[y Gargett & Masuda 2010
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