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Sunum Plani

Kok hiicre

- Tanim ve temel bilgiler

- Erigkin kok hiicrelerin (Em Kok hiicrelerin: Em KH) fonksiyonel
Wy A

- Em KH varligina dair kanitlar

Em KH kaynaklar:
- Kemik iligi (KI) Tx galigmalari

Em KH in endometriozis patogenezindeki olasi rolleri

Sonuglar



KOK HUCRE

* KH dokularda olarak bulunan kendi kendini
ve ayni zamanda daha
yavru hiicreler olusturabilen
hiicrelerdir

What is o stem call? \) /
s replicate fisalf, or

A single cell that can J ,

dittgrentiate into many
cell types

¥




KOK HUCRE

Blastosistten meydana gelir * Postembriyonik hiicrelerden
meydana gelir




KOK HUCRE

kok
hiicreler;

Totipotent (undiferansiye) — Zygote
Pluripotent — Embriyonik KH
Multipotent — Erigkin KH




KH Nisi

THE STEM CELL NICHE

KH in iginde bulunduklari
anatomik yapi

KH
GCevreleyen destek hiicreleri

ECM
Adhesive molekiil p

KH i undiferensiye durumda tutarlar
diferansiyasyon, proliferation ve
apoptozisten korurlar

Doku replasman ihtiyacinda
proliferasyon ve diferansiyasyon
sinyallerini KH e iletirler




Eriskin KH (Somatik KH -Dokuya 6zgii KH)

_ocatons of Somatic Stem Cells
Hayat boyunca hasar ve travma o n the body
sonrasi doku rejenerasyonu ve 48 A
tamirinden sorumlu

blood

yessels
Ayirt edici morfolojik 6zelliklerinin ve ‘
spesifik markerlarinin bulunmamasi
dokuda gésterilmesini gliglestirmekte

Eriskin KH fonksiyonel 6zelliklerine
gore tanimlanmaktadiriar

paripneral
blood






EKH saptamaya yonelik (EmKH)

calismalar
In vitro galismalar * In vivo ¢alismalar
KH klonojenitesi + | Doku reconstit. galismalari
KH diferensiyasyonu *+ LRC in gosterilmesi

Proliferatif potansiyel
Fenotipik ozellikler (SP)



Em KH in varligina dair kanitlar

Indirek kanit

Em bazalis
tabakasinda bulunan Em KH ler
Fonksiyonel Em un siklik
rejenerasyonunu sagliyor
olabilir

Reprodiiktif donem siiresince
X400

(Prianishnikov, 1978)

Ovulation

Fstradiol

14
Menstrual phase Follicular or
proliferative phase

Functionalis

Sl dags | Basalls

28 Days
Pragestational or
secretory phase
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Em KH in varligina dair kanitlar

- |Hiicre klonlama ¢alismalarindan kanitlar

Tek bir hiicrenin disik hicresel
densitedeki kiltir medyumunda klonlar olusturabilmesi

* Klasik olarak erigkin dokularda undiferensiye
markerlarla KH populasyonlarini saptamada kullanilir
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Clonogenicity of Human Endometrial Epithelial and Stromal Cells’

Rachel W.S. Chan, Kjiana E. Schwab, and Caroline E. Gargett?

Using purified single cell
suspensions obtained
from hysterectomy tissues

FIG. 1. Colonies formed by human endo-
metrial epithelial cells seededat clanal
density and cultured in serum medium. Al
Culture dish displaying the distribution of
colonies and variation in colony size after
15 days of culture. Phase-contrast photo-
micrographs of (B) small nests of matute
epithelial cells on Day 3, (C) a typical epi-
thelial colony by Day 7, (D) a typical
small calony, and (B a magnified view of
its center on Day 15, and (F a typical
large calony and (G) a magnified view of
its center an Day 15. Scale bars = 200
T

0.22 + 00.7%




FIG. 2. Colonies formed by human endo-
metrial stromal cells seeded at clonal den-
sity and cultured for |5 days. A) Typical
appearance of a culture dish showing the
distribution of colonies and colony size
vanation. Representative phase-contrast
photomicrographs of a (Bl small and (€1
large calony, and a more magnified view
showing the center of a (D) small and (B
large colony cultured in serum medium.
Characteristic colony and cell morphology
observed when cells wera cultured in se-
rum-free medium containing (F) PDGF, (G)
TGF«, and (H) LIF. Scale bars = 200 pm.

1.25 + 0.18%




Table I. Cloning efficiency of human endometrial

epithelial and stromal cells Stem

self cell

renewal =\ (Large Colonies

Clones Clonogenicity (%)

Epithelial

Stromal

Large

0.08£0.03

0.0210.01**

Small

0144004

123 £0.18**

022£0.07

Total

1.25£0.18*

Data are mean + SEM for n =

stromal samples.
Data from Chan et al. (2004).
*P=0.0001; **P=0.0002.
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Putative stem cell activity of human endometrial
epithelial and stromal cells during the menstrual
cycle

Kjiana Ellkje Schwab, B.Biomed.Sci. (Hons.), Rachel Wah Shan Chan, B.Sci. (Hons.),
and Caroline Eve Gargertt, Ph.D.

FIGURE 1 I —"
Cloning efficiency of human endomatrial epitheaslial
(A) and stromal (B) cells from proliferative,
secretory. and inactive endometrium cultured in
sarum-—containing mediurm. Each bar consists of
the cloning efficiency for small (soffid bars) and
large (white bars) colonies, which together
represent thhe total cloning efficiency observed.
Results shown are means +— SEMNM Tor the number
of samples shown below the bars. Not all samples
were examined for both cell types in serurm-
containing Mmadiurm.
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Adult stem cells in the endometrium

Caroline E. Gargett® and Hirotaka Masuda

A Epithalial

N
nyY

D Myogenic E Osteogenic Adipogenic G Chondrogenic

Caldesmon PTHRI Coltagen type Il

- - K -— > -—

Figure | Differentaton of single cell-derived large human endometral epithelial CFU and stromal CRJ, (A~ C) Large epithelial CFU cultured in 50%
Matrigel above 2 stromal feeder layer differentiated into gland-like (B, C) cytokeranin * suructures. (D~ G) Large stromal CRJ underwent multilineage
differentiation intc mesodenmal fineages when cultured in induction medial (D) «SMA- and caldesmon-expressing smooth musde celis, (E) allaline
phosphatase. and parathryroid hormone recepror-| (PTHRI)-expressing csteoblasts, (F) of red O smined fipid droples and liproprotein lipase
(LPL)-expressing adipocytes: and (G) alcian-blue stmined extraceilular matix produced by chondrocytes, which alsc expressed collagen type |l in 2
section from a pellet colture. Cells cultured in contral medium for 4 weeks and stained for lineage markers are shown a5 insets (D G
Barzs'= 50 wm. Reproduced with permission from Gargett et ol (2009).

Molecular Human Reproduction, Vol.1 6, No.1 1 pp. 818-834, 2010



J. Cell Mol Med. Yol 15, Nod, 2011 pp. 747755

Endometrial stem cell transplantation restores dopamine

production in a|Parkinson's disease model

Fin . Wl i Bmg 'l Yo' Andews™
Honging Do o . Eiswor,Hugh . Tyor

Molecular [“:“L'f- of the Cell
Yol 18, 15861384, Moy 2007

Menstrual Blood-derived Cells Coner Human Dystrophin
Expression in the Murne Model of Duchenne Muscular
Dystrophy via Cell Fusion and Myogenic Transdiferetiaton®

Chang-Hao Cui," Taro Uyama,* Kenji Miyado,' Masanori Terai,* Satoru Kyo,
Tohru Kiyono, and Akihiro Umezawa’

Derivation of Insulin Producing Cells From Human
Endometrial Stromal Stem Cells and Use in the
Treatment of Murine Diabetes

Xavier Santamaria', EfiE Massasa', Yuzhe Feng, Erin Wolf' and Hugh § Taylor'

Department of Obstetrics, Gynecology and Reproductive Sciences, Yale Universty Schoof of Medicng, New Haver, Comnecticu, US4

Journal of Translational Medicine s

Research
Feasibility investigation of allogeneic endometrial regenerative cells
Zhaohui Zhong!, Amit N Patel?, Thomas E Ichim*3, Neil H Riordan?,

Hao Wang!, Wei-Ping Min®, Erik | Woods?, Michael Reid®,

Eduardo Mansilla”, Gustavo H Marin’, Hugo Drago”, Michael P Murphy®and
Boris Miney? 0




Fare calismalarindan elde edilen kanitlar

Fare em u yapisal ve fizyolojik
olarak insandan farklilik gésterir

Bazalis tabakasi yoktur
Em mensle dékiilmez

Estrous siklusu insan menstriel
siklusuna benzerlikler gdsterir

Em al dokunun normal fizyolojik

aktivitesi ve endometriozis

Ea‘rogenezi icin molekiiler ve hiicresel
ilgiler saglar




Fare calismalarindan elde edilen kanitlar

(Fare endometriumundaki
muhtemel EmKH ler)

Saptanmalari KH in normalde
sessiz durumda bulunduklari
temeline dayanmaktadir

DNA sentez boyasini (BrdU)
tutarlar

fare endometrial epithelial
hiicrelerinin %3’

stromal hiicrelerinin de %6's1 LRC
olarak saptanmigtir

CD146
=18 PDGF-Rp I
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Figure 2 Hypothesized location of endometrial stem/progenitor
cells in human and mouse endametrium. (A) In human endometrium,
spithelial propenitor cells are postulated to be located in the base of
the glands in the basalis, while endametrial MSC-like cells (eMSC) are
located near blood vessels in both the basalis and functionalis. (B) In

mouse uterus, LRC, candidate epithelial and stromal stem/progenitor

cells which rapidly proliferate during estrogen-stimulated endometrial
gowth are located In the kminal epithelium and mainly near blood

vessels at the endometrial-myometrial junction, respectively.




Noninvasive and real-time assessment of
reconstructed functional human endometrium
in NOD/SCID/y™" immunodeficient mice

Hirotaka Masuda**, Tetsuo Maruyama*‘, Emi Hiratsu®, Junichi Yamane's, Akio lwanami'$, Takashi Nagashima*,
Masanori Ono*, Hiroyuki Miyoshi®, Hirotaka James Okano'l, Mamoru Ito**, Norikazu Tamaoki**, Tatsuji Nomura**,
Hideyuki Okano'l, Yumi Matsuzaki'l, and Yasunori Yoshimura*

Endometrial regeneration

P withdrawal

Human endometnal tissues
Mechanical and enzymatic Progesterone (Pa)
dissociation

Estradiol (Ez)

Singly dispersed human
endometrial cells

Transplantation under
the kidney capsule O 0
L A: z\‘\

A\

Raconstruction of andomatriuny  Proliferative changes Secrelory changes:  Menstrual changes:
formation of chimeric vessles,  pseudostratification, decidualization with  tissue breakdown
endometrium-myomettium up-ragulation of tortuous glands, and bleeding
junctions, ete. progesterone  up-regulation of prolactin, ete.

raceptor, efc.

= Murine vessels
© Human vesseals

PNAS | February 6, 2007 | vol. 104 | no.6 | 1925-1930



Insan em kokenli endotelyal progenitér hiicreler migrasyon
ve invazyon 6zelligi gosterebilir ve hatta farkli bir tiirde dahi
kan damarlari meydana getirebilir (insan-fare kimerik damar)




Endometrial SPCs - Kanitlar

Side population hiicreleri saptanmasi

-+ KH aktivitesi yoniinden oldukg¢a zengin olan ve nadir
bulunan bir KH grubu

» SPc intraseliiler DNA baglanma boyasini (Hoechst
33342 oluyla disari pompalama 6zelligi

gosterirler

+ SPc FACS (fluorescence activated cell sorting)

yontemiyle ayrilip az boyanan veya hi¢ boyanmayan
hiicreler
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Stem Cell-Like Properties of the Endometrial Side
Population: Implication in Endometrial Regeneration

Hirotaka Masuda™?, Yumi Matsuzaki'*, Emi Hiratsu', Masanori Ono?, Takashi Nagashima?, Takashi
Kajitani?, Toru Arase?, Hideyuki Oda?, Hiroshi Uchida?, Hironori Asada?, Mamoru Ito?, Yasunori

Yoshimura? Tetsuo Maruyama?*, Hideyuki Okano'
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Taze olarak izole edilmis hEm SPCs in immun sistemi zayif farenin
bébrek kapsiiliine transplante edilmesi ile gesitli edometriyal doku
komponentleri ve hatta tam bir endometriyum meydana gelmistir
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Endometrial SPCs - Kanitlar

Kisa sireli kiiltirlerden
EmSPCs epitelyal (CD9) veya
stromal (CD13) hiicre
diferensiyasyon markerlarini
eksprese etmezler

Ardisik uzun sireli Matrigel
kiiltirlerde bu ekspresyonlar
izlenir

CD9* gland benzeri organoidler
CD13*stromal clusters

Human Reproduction Vol.22, No.5 pp. 12141223, 2007
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Em KH Kaynaklar:

Reziduel Fetal KH

Permenant resident

SPc CD34 ve CD45
expresyonlari agisindan (-)

LRC CD45 expresyonu (-)

EmMSC CD146(+) PDGF-RB (+)

KT KH

Endothelial h
Hepatocytes
Neurons

Skin
Cardiomyocytes
GI epithelium

(Ablazyon
sonras! kanama)



Endometrial Cells Derived From Donor Stem
Cells in Bone Marrow Transplant Recipients

JAMA, July 7, 2004—Vol 202, No. 1 81

Table[Bone Mamow Transplant Recipients |

Postive Cells/Total No. of Cells (%)
Time From | |
Transplantation Donor-Derived Donor-Derived
Paient Age,y Conditioning Regimen to Blopsy, mo Epithellal Cells Stromal Cells

1 43 B, cyclophosphamice, cyterabine 67 m
2 2 Cyclophosphamide, busufan 24 f03A2300(10)  20041/193600 (1)
3 LY B, cyclophosphamide 3 684/47:300 (4 6832/156200 (4

! B TBl cychophosphamice 4 [E002] (67521000003

Losemi tedavisi goren ve HLA uyumsuz KI Tx olan 4 hasta




Figure 2. Donor-Detived Cells in the Endometrium of an HLA-A11-Mismatched Bone Marrow Transplant Recipient (Patient 1)

Immunohistochemistry using ant-HLA-A11 monoclonal antibady, bietin peroxidase detection system, diaminobenzidine as the chromagen (brown), and hematoxylin
counterstain, A, HLA-A11-negative control (original magnification % 200), B, HLA-A11 Immunopositivity (brown) in an HLA-A1 1-positive control (ariginal magnifi-
cation %200). C, HLA-A11 immunopositivity (brown) in patient 1. More than 50% of the cells were of donor origin (original magnification % 100). D, Endometrial
glands partially derived from cells of daner origin (brown; arlginal magnification x400). £, Rare cells of dener origin tbrown) In an endemetrial gland Functional
differentiation is noted by characteristic cilia, Arrowheads identify the cﬁiated epithelial surface (original magnification x600)

Em al hiicreler donér kokenli KI hiicrelerinden kdken alabilir.
Uterus disi KH in edometriyal doku rejenerasyonunda rolii

o o

olabileceqgini qgéstermektedir.




BASIC SCIENCE: GYNECOLOGY
Bone marrow—derived cells from male donors can compose
endometrial glands in female transplant recipients

Tomomi Ikoma, MD; Satoru Kyo, MD, PhD; Yoshiko Maida, MD, PhD; Satoru Ozaki, PhD; AN,
Masahiro Takakura, MD, PhD; Shinji Nakao, MD, PhD; Masaki Inoue, MD, PhD Am J Obstet Gyneca 2mg201 :608.61-8.

TABLE :

Characteristics of transplant recipients
Reciplent no.

Reason for transplant

AML, acute myebid leukemia; CML, chronic my=loid leukemia; AT, hormone replacement therapy.

Ikoma. Bone marrow and endometrial olands. Am I Obstet Gynecol 2009.

ABLE 3
Detection of Y-chromosome-positive cell
in endometrium o ipients

Time from Donor-derived Donor-derived
Reclplent transplantation to epithelial cells, stromal cells,
blopsy, mo % %
9.2

Ikoma. Bone marrow and endometrial glands. Am | Obstet Gynecol 2009.




of recipients using serial secfion

N1 } IG1HR
FISH analysis of@ndometrial glands »f recipients using serial sections FISH analysis ofendometrial stromal fssues

Serial sections of hiopsied endometrium from recipients were analyzed by FISH targeting X and Y
3 , : N 4 chromosomes or immunohistochemistry for CD45 ar G010, Y slanals appeared to overlap G010
Serial sections of biopsied endometrium from recipients were andlyzed by HSH targeting X and Y expression. However, hecause of the lack of tnn qtrtn tural charm teristics of stromal cells by HE
chromosomes or|mmunohmlrham| sty Thp nb»uo tructum was verified waE otammq r»prp Pnt staining, the distinct ' :
lnq ulrmdul con phis alysis was erformed using cytokeratin ¢ C serial \ammnq dnalys

wnl.\ u,hn.-nmoumea. Bdrs lﬂ(llfﬂtf: \,0 mm.



KH ve Endometriosis

Retrograde menstruation theory

Coelomic metaplasia theory

Embryonic rest theory

Lymphatic and vascular metastasis theory
Tatrogenic direct implantation

Stem cell theory




KH ve Endometriosis




KH ve Endometriosis
Indirek Kanitlar

Fonksiyonel em.un bazal em. tabakasindan geligimi
Endometriozisli hastalarda RM voliimdiinin ¢

Endometriozisli hastalarda daha 1 bazal tabakanin RM a
ugramasi

Human Reproduction Vol.17, No.10 pp. 2725-2736, 2002



KH ve Endometriosis
Indirek Kanitlar

SSEA-| isolates human endometrial
basal glandular epithelial cells:

phenotypic and functional
characterization and implications
in the pathogenesis of endometriosis

Human Reproduction, Vol.28, No.10 pp. 2695-2708, 2013



KH ve Endometriosis
Indirek Kanitlar

EmMSCs hem fonksiyonel hem bazal em.da perivaskiiler
lokalizasyonda bulunmalari (CD146, PDGFR{)

ESPs (ABC6G2) hem fonksiyonel hem bazal em.da lokalize (EMP
h.ne gore ||)

RM ve Enz prevalansi arasindaki farkliligi agiklayabilir

In vivo doku reconstitution ¢alismalari



KH ve Endometriosis
Indirek Kanitlar

Endometriozis lezyonlarinda;

Musashi

UTF-1 (undifferentiated embryonic c. transc. fact.)
OCT-4 (octomer binding transc. fact.)

SOX-2 (sex determining region Y-box 2)

NANOG (nanog homeobox)

@ : : : )
Immatur, undiferensiye progenitor

hiicrelerde exprese edilen markerlar
A o

Fertil Steril 2011:;95:1171-3
Mol Med 2009:15:392-401
Fertil Steril 2011,;95:338-41




KH ve Endometriosis
Indirek Kanitlar

Enz calismalari igin kullanilan birgok modelde unfraksiyone insan
em.al h nin ektopik em.al biiyiimeyi saglamasi

Epiteleyal h.in monoklonalitesi ===> | tek h orijini; SCs

Epitelyal h.in poliklonalitesi ==>| stromal h.le kontaminasyon

\ farklh kaynaklardaki (KI) h.le

tekrarlayan dokiilmeler

birgok KPH iceren farkli em
fragmanlarinin
dokilmesiyle

meydana gelme

Mikrodisseksiyon yontemleriyle ektopik em un ayrintili
analizleri enz lezyonlarinda multiple monoklonal odaklarin
oldugunu géstermigstir




KH ve Endometriosis
Indirek Kanitlar

Anormal Em KH / Normal peritoneum (?
Normal Em KH /Anormal peritoneum (?)

Ect EMSC de: Proliferatif
Migratuar
Pro-angiogenic

Ileri evre endometriosis / Em KPH (?)
Gerileyen lezyonlar / TACs (?)

/, retrograde menstrual blood

!
sl
epithelial /i% )

progenitor '
MSC-like cell

' pmhfefatmn

\Jy)endometriotic

,‘ Tf lesion
e e
at:-u-rxrtz Jn
peritoneal lining

mplantabon ' ﬁ' |‘ I

Fertil Steril 2011:95:1308-15
Fertil Steril 2012;98:1521-30




Stem Cells, Tissue Engineering, and Hematopoietic Elements

|ldentification of Cells with Colony-Forming Activity,
Self-Renewal Capacity, and Multipotency in Ovarian
Endometriosis

Ihe American Journal of Pathology, Vol 178, No, 6, fne 2011

Ovaryan endometriotik epitelyal CFU Ovaryan endometriotik stromal CFU
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A [ Same Patient: Endometrium and Ovarian Endometrioma

Epithelial Cells Stromal Cells
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Figure 6. Sell-renewal activity of endometriotic epithelial and stromal CFUSs

using serial cloning assay. Results are shown as means = SEM. *F < (.05,
large versus small CFUIs. Numberss in parentheses indicate sample size (av-
erage of three small and large CFUs per cell type per patient sample),
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STEM CEUS
TRANSLATIONAL AND CLINICAL RESFARCH

Contribution of Bone Marrow-Derived Stem Cells to Endometrium
and Endometriosis

HONGLING Du. HUGH S, TAYLOR STEM CELLS 2007:25:2082-2086

a +)control | P -)control

C —_ (o |

Erkek donérden KI Tx 1 yapilan Erkek donérden KI Tx 1 yapilan
fare em.da Y kromozomu igeren fare em.da Y kromozomu igeren
em hiicre em hiicre
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Histerektomize Lac Z transgenik fare peritonunda wild type fare
em.u ile deneysel endometriozis olusturuluyor

Histerektomize farenin ekstrauterin kékenli hiicreleri (KI?)
endometriotik implantlara katildigi gosterilmis (%0.004 vs %0.1)




Uterine Cavity
Altered eutopic endometrnium Circulation
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SONUCLAR

Birgok galisma endometriyumda nadir olarak bulunan erigkin
KH populasyonunun varligina dair kuvvetli kanitlar sunmaktadir

Giniimiizdeki kanitlar 1siginda biiyiik olasilikla 3 farkli Em KPH
varligindan bahsedilebilir: epitelyal / stromal (mezenkimal) /
endotelyal

KH in molekiiler 6zelliklerinin daha iyi anlagiimasi ve
dokulardaki lokasyonlarinin gésterilmesi amaciyla KH nislerinin
ve spesifik markerlarinin tanimlanmasina ihtiyag duyulmaktadir

Em KH in olasi kaynaklarindan biri olan KI kékenli hiicrelerin
de hem fizyolojik hem de patolojik olaylarda rol oynadig:
disiinilmektedir.



SONUCLAR

Fizyolojik olarak endometriyumun rejenerasyonunda rol
oynadiklar! disiindlmektedir

Patolojik olarak da endometriozis patogenezinde rol oynadiklar
ileri strdlmektedir

Em KPH in ozellikleri dahi iyi anlasildikga, em.al proliferasyonla
karakterli hastaliklardaki rolleri de daha iyi anlasilabilecektir

Em KPH ler gelecekte doku miihendisligi ve rejeneratif tip
konularinda multipotent KH igin immunolojik agidan uygun bir
kaynak olabilirler



