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Figure 1 Concept Comparison of Endometrial Organoids and Endometrial Assembloids. A: Endometrial organoids; The structure is simple,
consisting of adenoid organoids of single-cell or multicellular origin and gel matrix supplemented with extracellular matrix components; B:
endometrioid assembloids. In addition to adenoid organoids and gel matrix, endometrioid assembloids also include mesenchymal cells, fibroblasts,
immune cells, and other cell types, whose surface is covered with stratified epithelial cells

199



TKARAE: T E NIRRT Tk e

BB BT 2 2 B AEAX 78 PA R o A i 4 3
B R =R AR BARAREL T B AR
W AR ML R RIA B 2Rk, S EUA R SEs;
FRAAIMILEDY, & 5 7 5 P AL % 5w (AR kb
A BEACB, XL BT UL, 1 AR NS
IF) 2 P9 FEAT I P IR AR5 . SR, Rawlings % A1
fEHIZ5Wik vb B JE AL BRAL AR, Ih VD B JE AT LARE A
T ZZMMIEHEREAN]. ZEREY, MEAEE
R, AR RSAREARE AR, BTN S
JE A AR I BRARSARTIE TT 1 RRRG AN 55 A IR S A e A
ZIRIAREAE R, R BLE A AT B JE AL PR 1 0
~, AR R YT SRR IRIERS, BUARARFEA
KAEFTLHRERE. AR, AL S EEREE
PR, gt e s i1k, (AR eIk
P5K, BB R DL R

T8 NIRRT DR N R 75 A
A PR A RN R 20 50 70 2 AT R DL AL
X R RELN T R 5 ) ) R AL (AR T RN I R TR )
B SE] AR AL AR P B, A AT SO A AR A
SR IS ER AL AN VT 785 A R I8 T B T A It P i A 7

22 BppER

EOsHIT 5 P IR 25 R N VF 2 s B it T
HERE G, flnTElEE. TENRSAE. £
EATE A7l

T B PR R M EOs AT U B SR 495 28 1 Y 2
5T, AR A SR R L SARREAE RN 25 M) BB, AT
RAMEACBETFAR B T — AN RR Mo = BT
BF R LA SN, BOsHIT- B P JRSR 4 B 4t T LA
BEALL 8 I 3 A8 SR 72 R (1 R . N, Maru%s
N7E ik krasS PP IEOs i B Pten i Cdkn2a, &I
Cdkn2alkI 43 T FE T A J2 Pten ) B 2k S5 1 98 PRI 1Y)
RIE.

T 5 SR ALE A2 R 1E T 8 AR LLANER AL R LT
BN, AR, URE. Zk. SsgsEshn, b
s PN S RO B 6%~10%, SIS ZE KA AR
B51540%*". 20194 Boretto A PHH i i 4 1 i
(R B DA IR A7 2R B B L P S R O B
BEAE, QRGN B R 3 e M 2R B T AR R R . Ik
Ah, AEFEHFE WIS AE RS T 5 EWEOsHEAT H
B, ORI E R ODRE B AR B, W

200

PI3K-AKT{5 Sl #%. WNT/5 58 % M Hippofs 518
PR 0 S B O A, IX A ML IR 2R e i A i A4 Ak
it

Z B Y B LE-51E(polycystic ovarian syndrome,
PCOS) & LAHEOP AT . il R, U0 S 2 g
AR SRR T I N - AR, RS EE R &
P TC HE ORI AN 2 1 B R . PCOS 3 A P B
AT HEEMPUPRE, 7T REBTE WA
P 20204F Wiwatpanit®s AN 72 I
R 240 W 0 ] J5i 48 i 3 35 77 07 i 3 % G SC 4LE O,
b & Sk S A N I N AR N e = o
SERIABALIIEOSs. Ak, VR 45 T ik B e R ARSI
PCOSHH RN B mibERCR I, 45 R EoR, PCOSH
EOs 1 b 57 211 ffg 384 e o0 e 20 5 25 18 0, Bk 5 ZR 4Kt
R LA R K AL R RIA 8. XTI TR,
I B AR E A S A B E B EPCOS I I D fig
PR S RN e 1 A SR B R R R R R, A
PCOS )73 BEATL | A1t Rz - 358 Jo7 241 i 1 A E A Bt T
A,

R BRI, XECEE IR T HEOsH 15 N JiE
A BARBI T 5 B R ] A7 P

2.3 HABAmABR

T8 PEEBR AR gk JRE 51 kS )™ B 2R A
A G BUR S AEYRB R 4 e 5538
BLAAE I AR (<1%)™, RREFE 4 P A 2 420 7
PRI FSE b e A B

Park % A\ i 21 5 O (R I AL R, FFR T
—FR]E ] AR E S BT LA . R
PG I I 45 & AW AT B 00 R WA (R i R
FL 32 W5 R ) M S 2 5 o I L (7 ' A T 4
Mo WUZ400. DU SERTan . /e W 4
)RR . A% G AR B AR = 4E4T BN
PRSNGSR, A H LT — P AR &4
PR R E RS, XG5 R A DIE i A
T BER AT B WAL 2 A RREehE, A
KEEATHW RN TS T IE# S T 75 A A
Tt

g b, XA E ] L A AR AR
2% B R AR B ] AL AT RT G B AL, TN
WA ARG HAERF. RO EA, £7E



P EBNE: ARl 2024 E 0 543 1

DIBARSFERF AR, 78 A BRRA AR T RN 44
BFEMRL, (2T B QI &5, ARSI RIE.

3 RE

TE B B AR 2 5 e PRS2 AE AR R RN
MRRRRN T BT A A BT
N RIS, BARTE PSR AUR AA i) H BK TE A
T FARBIE T TR IR T B A S s A,
(H AT IR Gk = R AR T 5 PN B P RF AT 00 40 D 11 SR 2% 1,
AINKZ 5 2 R L 0 . AR Ok 75 R AT 4t
RIS Uk, A0S 2 R I A0, 4020

JEEIFEEIR, hTE T8 WRERARR M  dEigte, A
HEEGE 7 E WIERAEDRE, AR N R E 2
It BRAh, I IT A R A A RN S A+
Bl BT E NSRRI AR A BRI A
Thaetk. &5, U EVIITEIEOR, $2m 78 MRS
AR BRI XE G FE AN AR, AR AR, HEST I R L P
L. BEELEDMRE AR A I TRESAR A A Wy
RIEERVH, T8 A BRSRALEAR 10 F TR A3 2152
—obiRE, AL IRR R, SR, Bl E A
HRSRALEAR T Z N, DS REAERRE A RN A
Yol BORSE T BT B 2 IRR . AERKR BT,
MTIRE 2 2 R SCR, VAR a7 AL

R L g
2R AR,

225 30k

1

TEEEOsH 75 W R R S AL A FEARBOEOR AORT ST iE BRI {E.

Shahbazi M N. Mechanisms of human embryo development: from cell fate to tissue shape and back. Development, 2020, 147: dev190629

2 Aplin JD, Ruane PT. Embryo-epithelium interactions during implantation at a glance. J Cell Sci. 2017, 130:15-22
3 ChaJ, Sun X, Dey S K. Mechanisms of implantation: strategies for successful pregnancy. Nat Med, 2012, 18: 1754-1767
4 Maenhoudt N, De Moor A, Vankelecom H. Modeling endometrium biology and disease. JPM, 2022, 12: 1048
5 Abbas Y, Turco M Y, Burton G J, et al. Investigation of human trophoblast invasion in vitro. Hum Reprod Update, 2020, 26: 501-513
6 Lee KY, Jeong J W, Tsai S 'Y, et al. Mouse models of implantation. Trends Endocrinol Metab, 2007, 18: 234-239
7 Kobayashi A, Behringer R R. Developmental genetics of the female reproductive tract in mammals. Nat Rev Genet, 2003, 4: 969-980
8 Zhang D, Lv P, Zhang R, et al. A new model for embryo implantation: coculture of blastocysts and Ishikawa cells. Gynecol Endocrinol, 2012, 28:
288-292
9 Clevers H. Modeling development and disease with organoids. Cell, 2016, 165: 1586-1597
10 Rawlings T M, Makwana K, Taylor D M, et al. Modelling the impact of decidual senescence on embryo implantation in human endometrial
assembloids. eLife, 2021, 10: €69603
11 Fitzgerald H C, Dhakal P, Behura S K, et al. Self-renewing endometrial epithelial organoids of the human uterus. Proc Natl Acad Sci USA, 2019,
116: 23132-23142
12 Turco M Y, Gardner L, Hughes J, et al. Long-term, hormone-responsive organoid cultures of human endometrium in a chemically defined
medium. Nat Cell Biol, 2017, 19: 568-577
13 Boretto M, Cox B, Noben M, et al. Development of organoids from mouse and human endometrium showing endometrial epithelium physiology
and long-term expandability. Development, 2017, 140: 1775-1786
14 Haider S, Gamperl M, Burkard T R, et al. Estrogen signaling drives ciliogenesis in human endometrial organoids. Endocrinology, 2019, 160:
2282-2297
15 Seishima R, Leung C, Yada S, et al. Neonatal Wnt-dependent Lgr5 positive stem cells are essential for uterine gland development. Nat Commun,
2019, 10: 5378
16 Hennes A, Held K, Boretto M, et al. Functional expression of the mechanosensitive PIEZO1 channel in primary endometrial epithelial cells and
endometrial organoids. Sci Rep, 2019, 9: 1779
17 Cochrane D R, Campbell K R, Greening K, et al. Single cell transcriptomes of normal endometrial derived organoids uncover novel cell type
markers and cryptic differentiation of primary tumours. J Pathol, 2020, 252: 201-214
18

Luddi A, Pavone V, Semplici B, et al. Organoids of human endometrium: a powerful in vitro model for the endometrium-embryo cross-talk at the

implantation site. Cells, 2020, 9: 1121

201


https://doi.org/10.1242/dev.190629
https://doi.org/10.1038/nm.3012
https://doi.org/10.3390/jpm12071048
https://doi.org/10.1093/humupd/dmaa017
https://doi.org/10.1016/j.tem.2007.06.002
https://doi.org/10.1038/nrg1225
https://doi.org/10.3109/09513590.2011.631623
https://doi.org/10.1016/j.cell.2016.05.082
https://doi.org/10.7554/eLife.69603
https://doi.org/10.1073/pnas.1915389116
https://doi.org/10.1038/ncb3516
https://doi.org/10.1242/dev.148478
https://doi.org/10.1210/en.2019-00314
https://doi.org/10.1038/s41467-019-13363-3
https://doi.org/10.1038/s41598-018-38376-8
https://doi.org/10.1002/path.5511
https://doi.org/10.3390/cells9051121

TKARAE: T E NIRRT Tk e

20

21

22

23

24

25

26

27

28

29

30
31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46
47

202

Bui B N, Boretto M, Kobayashi H, et al. Organoids can be established reliably from cryopreserved biopsy catheter-derived endometrial tissue of
infertile women. Reprod Biomed Online, 2020, 41: 465473

Abbas Y, Brunel L G, Hollinshead M S, et al. Generation of a three-dimensional collagen scaffold-based model of the human endometrium.
Interface Focus, 2020, 10: 20190079

Cindrova-Davies T, Zhao X, Elder K, et al. Menstrual flow as a non-invasive source of endometrial organoids. Commun Biol, 2021, 4: 651
Marini¢ M, Rana S, Lynch V J. Derivation of endometrial gland organoids from term placenta. Placenta, 2020, 101: 75-79

Kleinman H K, Martin G R. Matrigel: basement membrane matrix with biological activity. Semin Cancer Biol, 2005, 15: 378-386
Kozlowski M T, Crook C J, Ku H T. Towards organoid culture without Matrigel. Commun Biol, 2021, 4: 1387

Francés-Herrero E, Juarez-Barber E, Campo H, et al. Improved models of human endometrial organoids based on hydrogels from decellularized
endometrium. J Pers Med, 2021, 11: 504

Jamaluddin M F B, Ghosh A, Ingle A, et al. Bovine and human endometrium-derived hydrogels support organoid culture from healthy and
cancerous tissues. Proc Natl Acad Sci USA, 2022, 119: €2208040119

Venkata V D, Jamaluddin M F B, Goad J, et al. Development and characterization of human fetal female reproductive tract organoids to
understand Miillerian duct anomalies. Proc Natl Acad Sci USA, 2022, 119: 2118054119

Ban Z, Knospel F, Schneider M R. Shedding light into the black box: advances in in vitro systems for studying implantation. Dev Biol, 2020, 463:
1-10

Heidari-Khoei H, Esfandiari F, Moini A, et al. Derivation of hormone-responsive human endometrial organoids and stromal cells from
cryopreserved biopsies. Exp Cell Res, 2022, 417: 113205

Oh J W, Hsi T C, Guerrero-Juarez C F, et al. Organotypic skin culture. J Invest Dermatol, 2013, 133: 1-4

Park D W, Choi D S, Ryu H S, et al. A well-defined in vitro three-dimensional culture of human endometrium and its applicability to endometrial
cancer invasion. Cancer Lett, 2003, 195: 185-192

Wang H, Pilla F, Anderson S, et al. A novel model of human implantation: 3D endometrium-like culture system to study attachment of human
trophoblast (Jar) cell spheroids. Mol Hum Reprod, 2012, 18: 3343

Gellersen B, Brosens J J. Cyclic decidualization of the human endometrium in reproductive health and failure. Endocrine Rev, 2014, 35: 851-905
Dimitriadis E, Menkhorst E, Saito S, et al. Recurrent pregnancy loss. Nat Rev Dis Primers, 2020, 6: 98

Zhou Q, Yan G, Ding L, et al. EHD1 impairs decidualization by regulating the Wnt4/B-catenin signaling pathway in recurrent implantation
failure. Ebiomedicine, 2019, 50: 343-354

Lucas E S, Vrljicak P, Muter J, et al. Recurrent pregnancy loss is associated with a pro-senescent decidual response during the peri-implantation
window. Commun Biol, 2020, 3: 37

Tewary S, Lucas E S, Fujihara R, et al. Impact of sitagliptin on endometrial mesenchymal stem-like progenitor cells: a randomised, double-blind
placebo-controlled feasibility trial. Ebiomedicine, 2020, 51: 102597

Cheung V C, Peng C Y, Marini¢ M, et al. Pluripotent stem cell-derived endometrial stromal fibroblasts in a cyclic, hormone-responsive, coculture
model of human decidua. Cell Rep, 2021, 35: 109138

Boretto M, Maenhoudt N, Luo X, et al. Patient-derived organoids from endometrial disease capture clinical heterogeneity and are amenable to
drug screening. Nat Cell Biol, 2019, 21: 1041-1051

Maru Y, Tanaka N, Tatsumi Y, et al. Kras activation in endometrial organoids drives cellular transformation and epithelial-mesenchymal
transition. Oncogenesis, 2021, 10: 46

Giudice L C, Kao L C. Endometriosis. Lancet, 2004, 364: 1789—-1799

Escobar-Morreale H F. Polycystic ovary syndrome: definition, aetiology, diagnosis and treatment. Nat Rev Endocrinol, 2018, 14: 270-284

Li X, Feng Y, Lin J F, et al. Endometrial progesterone resistance and PCOS. J Biomed Sci, 2014, 21: 2

Wiwatpanit T, Murphy A R, Lu Z, et al. Scaffold-free endometrial organoids respond to excess androgens associated with polycystic ovarian
syndrome. J Clin Endocrinol Metab, 2020, 105: 769-780

March C. Asherman’s syndrome. Semin Reprod Med, 2011, 29: 083-094

Bulletti C, Coccia M E, Battistoni S, et al. Endometriosis and infertility. J Assist Reprod Genet, 2010, 27: 441-447

Song T, Zhao X, Sun H, et al. Regeneration of uterine horns in rats using collagen scaffolds loaded with human embryonic stem cell-derived

endometrium-like cells. Tissue Eng Part A, 2015, 21: 353-361


https://doi.org/10.1016/j.rbmo.2020.03.019
https://doi.org/10.1098/rsfs.2019.0079
https://doi.org/10.1038/s42003-021-02194-y
https://doi.org/10.1016/j.placenta.2020.08.017
https://doi.org/10.1016/j.semcancer.2005.05.004
https://doi.org/10.1038/s42003-021-02910-8
https://doi.org/10.3390/jpm11060504
https://doi.org/10.1073/pnas.2208040119
https://doi.org/10.1073/pnas.2118054119
https://doi.org/10.1016/j.ydbio.2020.04.003
https://doi.org/10.1016/j.yexcr.2022.113205
https://doi.org/10.1038/jid.2013.387
https://doi.org/10.1016/s0304-3835(03)00131-9
https://doi.org/10.1093/molehr/gar064
https://doi.org/10.1210/er.2014-1045
https://doi.org/10.1038/s41572-020-00228-z
https://doi.org/10.1016/j.ebiom.2019.10.018
https://doi.org/10.1038/s42003-020-0763-1
https://doi.org/10.1016/j.ebiom.2019.102597
https://doi.org/10.1016/j.celrep.2021.109138
https://doi.org/10.1038/s41556-019-0360-z
https://doi.org/10.1038/s41389-021-00337-8
https://doi.org/10.1016/S0140-6736(04)17403-5
https://doi.org/10.1038/nrendo.2018.24
https://doi.org/10.1186/1423-0127-21-2
https://doi.org/10.1210/clinem/dgz100
https://doi.org/10.1055/s-0031-1272470
https://doi.org/10.1007/s10815-010-9436-1
https://doi.org/10.1089/ten.TEA.2014.0052

REBNE: ARl 2024 E 54 1

48 Park S R, Kim H, Yang S R, et al. A novel endogenous damage signal, glycyl tRNA synthetase, activates multiple beneficial functions of
mesenchymal stem cells. Cell Death Differ, 2018, 25: 2023-2036
49 Park S R, Kook M G, Kim S R, et al. Development of cell-laden multimodular lego-like customizable endometrial tissue assembly for successful

tissue regeneration. Biomater Res, 2023, 27: 33

Advances in endometrial assembloids

ZHANG Le, LIAO BaoYing, ZHOU Ping & LI Rong

Peking University Third Hospital Reproductive Center, Beijing 100191, China

Endometrial organoids are three-dimensional aggregates formed by endometrial cells, which reproduce the structure and function of
part of the endometrial. On this basis, endometrial assembloids integrate other cell types, such as stromal fibroblasts, endothelial cells,
and immune cells, to better simulate the cell composition and function of the endometrial. Organoids and assembloids have overcome
the complexity and ethical limitations of endometrium in vivo and become a new ideal research model. In this study, we reviewed the
culture methods and applications of endometrial assembloids in embryo implantation, where its research progress and application
prospects are discussed.
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