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A Differentiation of hiPSCs into 3D brain organoids
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Figure 1 Representative types of human organoids-on-chips. A: Brain organoids-on-a-chip[‘)]. B: Liver organoids-on-a-chip for drug test™”. C:
Colon organoids-on-a-chip mimicking colon inflammation (Reproduced from Rajasekar et al., 2020 with permission from John Wiley and Sons). D:
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Table 1 Recent progress of human organoids-on-chips and their applications

HA IR . FH SR
- hiPSCs B R B R R B R R BB JE N T ELEE. W) [9, 10, 40, 41, 45]
hESCs B K 4T 2 ¥ P i 72 [70]
hASCs/hPSCs  HUEE LA A BLTIAY, GIFEFRYRHEA . FR 5 WA 18 BE B T g [71,72]
i hiPSCs DU 2 55 0 286 4 ) 1 25 ) HE 21 R AR 2R e [44]
hASCs PR M A AR B, BDAE I JORE [73]
JiF hiPSCs JH-EEME 25, B AR ORS 8 17 [39,76]
i & hiPSCs B B R H I [38,74]
5 hPSCs LA B AR I ) [47]
5 hPSCs B2 B M R A [42]
R i hiPSCs AR D0 L B 435 R RO R, o o AR VA A 4 R IR A L P, 9 T 2t [75]
JH- I & hiPSCs AREFUL P92 2 by A0 — 284 Y PR i [77]

215



ETES: RESEOH

WA 2B R My ). 78 HLIERE 1, A< AR % ik
FAEAL T AR 14 A 5 BT (non-alcoholic fatty liver dis-
case, NAFLD)IRAER FEIEHRE. 787 55 05 7 IR 5 5 2%
TR, PR E R — RFINAFLDI OG5 i 2R
i, BAEAERIER. Hm =B AT L 4ifb &, X
Xt 5 4 Hh R ARNAFLD ) & A= LI DA K 25T R L
HEEELT Rk, FFRBESHIRRTTRES AT
G JRE . RSN AL I R A AR
I RALE R AR & R A SKIEFiPSCAH i, 7]
KBS BUREE R AMA LR B B A R, B SRR
MAEEMEBREOR, A ELIIGKA YL, 24
HOFFIEEPETON. 5 oh, RECHI ARG, mENL
JH 228 B AT d kP A A L TR] 7 5T T R N 2 4
Hf 1 SRR, B A AN BT 2 58 B Py AT
1 15 S5 A AT TP AR, R FH 288 B0 SR S
PRIX — X

53 JaREEER

N Wi 2H 2% i 40 i Je F A i 2 Fh Dh e 4
RGBS B AT R NS R2 AR A A RN = R 2y (I
Ler5 T T4 T a5 R, &l DA tb A R
KA bR i, A B A R D RE 1 i b R g
MO T N AT A RV RO P R 400 PR R 7 A 9
il % QA ™). AR H 4 9 B % B R B, Clevers 1B\
BRI TR A R, S8 IR
Bl bR AR, R T O AR NGRS TR
PEIEP AR AR AL T BT RSN, 4540, Barrett B\ 7E AT E
SR B FREASTE, RKIGATT et B 40 h
18, W BEENSEW, LA rh L
B AR, o SIS RO A e . IXGERR T
WAEARTIHRBEE R E AR, HE—5,
Nikolaevas N8 & 0n 1.7 222 57 7 B A B H 2R
EM GRS T OR P&, BMASCSHEEE
O TEIE N, RIS R T S ) T A L o4k, S HL
TARTEI RO H R TG RIEAME, 4EFrRas B K
K EEFEENLS, ZAGARMER 7RSS E
I ARE ), RIHHEE T F WRIIEAM, Wy
AR N A A, IXFEAE SRS R IR R TR
DASEHILIRT. 244 5 9 R S MR 10 ol A 4k e N S
AR T HENERCES. A, A HRER AR
i 2RAR e 5 R ILEE I H T S 1 2 4

216

BEILC), RIUGI B B & IR 71k &
ErREREL. REESES T BB T REE
I S5 4, (B AT BRI AR R W SR &8 1Y N T 1M
ERIEBBIIREIEYI &, RKFEE 6 E 2 TR
%R R SR A E I S A T e

54 REGEEAME

RN 2SI e, ds i, ARBERTHE P R 2 A
W B AR ME, (RS E IR R A DL SE AR AL,
XA B E AR, AEBABEE T FithiPSCs KR
(K UL- R8s B A ik &, 2 2 2 X BETFSE B
PIRRISEES B IOFEEE IR, T UAR 25 SOK IR (4 2547)
BUERTTL. SPRER, ML A AR
Ve O YIRS, 7S AMBE TR, BRI
A7 L2454 SN ) BRARE T A 2R A LA, IX 3R
ANERT ST RO A I, X — R as
ITEVEAE AT R 2 LB R 22, TRLTTD I [R5 8 22
FhEsE R B IAE . Bedh, @ 2 A S
B EE R 2 8% 0 R, ES B AR B ROA 8
ANTHRERGIER, A TTT S0 E At ASE UL 4 P 2 ' 1) 2B B AT
RELHAR, XA B TS H KRB AL RGN
TR R A et 25T . Bl PR & — b LU
e MR D9 2 ERAE IR R AR O, 30 BT &
L MALGEARRS TR IR, &
W, AT e N T — N 2 A6 T 4 R IR G
FF-JR B 28 8 B AR AR &R, 1R 2 X BT Rl 71
O R B SEBLT RN B SR AR B (N B A B IR A LA
FIWETE, B T =B 2R TR PR ) 32 205 B
AL B 26 — U AR i 5. 122 AR WTAE AR S PR EL
N - JBR & b 2 A BT PRS0 T ROBE R4 S, N
W PR 9 S5 S 2 AU e 5 0 T 7 BT 24 R B A5 A AT
¥ A

6 HHHRY

i LTk, KA E SR CALEA MR 55 Gk 2
AHEENE S, EAMTREEERE A E
IR 2K B HAR AR H SR 4 ), & orah
THARGFEOIFP LRI, tesh, BiEn] LUE
i A AN 22 ThRe o TR, AR TSR
RV, BT EIER YRGS, s



P EBNE: AdRlE 2023 4 53 % A2 b

He) 3 B v T A P2 93D AL A 38 B R R R FLER AL T T 4%
PRI R

BB B, SRE TS T IR AL TR AT, MA IR KK
JesIal. Aok, RasEOH 5 HAMZ 2R T B X
7, APPSR BT AR G e DR A HE A
Ve, e, SRERE S 5T BN BRI B AE YR

K, AR H% A 2R ARG REZ R
ThReRaeE; SERNmIE. AR, SoPRE
MANTERESETNEL &, A TRAVRNET &5 5
KESBRMPIRHLEL. Fit, XTEMEY. TR
Fo R R 2 U R N IR R, LA
FEBH & B U SR BT 72 A A B H]

%R

Kim J, Koo B K, Knoblich J A. Human organoids: model systems for human biology and medicine. Nat Rev Mol Cell Biol, 2020, 21: 571-584

2 Lancaster M A, Knoblich J A. Organogenesis in a dish: modeling development and disease using organoid technologies. Science, 2014, 345:
1247125
Rossi G, Manfrin A, Lutolf M P. Progress and potential in organoid research. Nat Rev Genet, 2018, 19: 671-687
4 Takasato M, Er P X, Becroft M, et al. Directing human embryonic stem cell differentiation towards a renal lineage generates a self-organizing
kidney. Nat Cell Biol, 2014, 16: 118-126
5 Lancaster M A, Renner M, Martin C A, et al. Cerebral organoids model human brain development and microcephaly. Nature, 2013, 501: 373-379
6 Sato T, Vries R G, Snippert H J, et al. Single Lgr5 stem cells build crypt-villus structures in vitro without a mesenchymal niche. Nature, 2009,
459: 262-265
7 Takebe T, Sekine K, Enomura M, et al. Vascularized and functional human liver from an iPSC-derived organ bud transplant. Nature, 2013, 499:
481-484
8 Takebe T, Zhang B, Radisic M. Synergistic engineering: organoids meet organs-on-a-chip. Cell Stem Cell, 2017, 21: 297-300
9 ZhuY, Wang L, Yu H, et al. In situ generation of human brain organoids on a micropillar array. Lab Chip, 2017, 17: 2941-2950
10 Wang Y, Wang L, Zhu Y, et al. Human brain organoid-on-a-chip to model prenatal nicotine exposure. Lab Chip, 2018, 18: 851-860
11 Park S E, Georgescu A, Huh D. Organoids-on-a-chip. Science, 2019, 364: 960-965
12 Qian X, Nguyen H N, Song M M, et al. Brain-region-specific organoids using mini-bioreactors for modeling ZIKV exposure. Cell, 2016, 165:
1238-1254
13 Bagley J A, Reumann D, Bian S, et al. Fused cerebral organoids model interactions between brain regions. Nat Methods, 2017, 14: 743-751
14 Lancaster M A, Corsini N S, Wolfinger S, et al. Guided self-organization and cortical plate formation in human brain organoids. Nat Biotechnol,
2017, 35: 659666
15 Lindborg B A, Brekke J H, Vegoe A L, et al. Rapid induction of cerebral organoids from human induced pluripotent stem cells using a chemically
defined hydrogel and defined cell culture medium. Stem Cells Transl Med, 2016, 5: 970-979
16 Gjorevski N, Sachs N, Manfrin A, et al. Designer matrices for intestinal stem cell and organoid culture. Nature, 2016, 539: 560564
17 Crespo M, Vilar E, Tsai S Y, et al. Colonic organoids derived from human induced pluripotent stem cells for modeling colorectal cancer and drug
testing. Nat Med, 2017, 23: 878-884
18 Guan Y, Xu D, Garfin P M, et al. Human hepatic organoids for the analysis of human genetic diseases. JCI Insight, 2017, 2: €¢94954
19 Han Y, Duan X, Yang L, et al. Identification of SARS-CoV-2 inhibitors using lung and colonic organoids. Nature, 2021, 589: 270-275
20 Volkner M, Zschitzsch M, Rostovskaya M, et al. Retinal organoids from pluripotent stem cells efficiently recapitulate retinogenesis. Stem Cell
Rep, 2016, 6: 525-538
21 Chen HY, Kaya K D, Dong L J, et al. Three-dimensional retinal organoids from mouse pluripotent stem cells mimic in vivo development with
enhanced stratification and rod photoreceptor differentiation. Mol Vis, 2016, 22: 1077-1094
22 Espuny-Camacho I, Michelsen K A, Gall D, et al. Pyramidal neurons derived from human pluripotent stem cells integrate efficiently into mouse
brain circuits in vivo. Neuron, 2013, 77: 440-456
23 Chambers S M, Fasano C A, Papapetrou E P, et al. Highly efficient neural conversion of human ES and iPS cells by dual inhibition of SMAD
signaling. Nat Biotechnol, 2009, 27: 275-280
24

Pellegrini L, Albecka A, Mallery D L, et al. SARS-CoV-2 infects the brain choroid plexus and disrupts the blood-CSF barrier in human brain

217


https://doi.org/10.1038/s41580-020-0259-3
https://doi.org/10.1126/science.1247125
https://doi.org/10.1038/s41576-018-0051-9
https://doi.org/10.1038/ncb2894
https://doi.org/10.1038/nature12517
https://doi.org/10.1038/nature07935
https://doi.org/10.1038/nature12271
https://doi.org/10.1016/j.stem.2017.08.016
https://doi.org/10.1039/C7LC00682A
https://doi.org/10.1039/C7LC01084B
https://doi.org/10.1126/science.aaw7894
https://doi.org/10.1016/j.cell.2016.04.032
https://doi.org/10.1038/nmeth.4304
https://doi.org/10.1038/nbt.3906
https://doi.org/10.5966/sctm.2015-0305
https://doi.org/10.1038/nature20168
https://doi.org/10.1038/nm.4355
https://doi.org/10.1172/jci.insight.94954
https://doi.org/10.1038/s41586-020-2901-9
https://doi.org/10.1016/j.stemcr.2016.03.001
https://doi.org/10.1016/j.stemcr.2016.03.001
https://doi.org/10.1016/j.neuron.2012.12.011
https://doi.org/10.1038/nbt.1529

ENAEEHES ISP

25

26

27
28

29

30

31

32

33

34

35

36

37

38

39

40

41
4

43
44

45

46

47

48

49

50

218

organoids. Cell Stem Cell, 2020, 27: 951-961.e5

Krenn V, Bosone C, Burkard T R, et al. Organoid modeling of Zika and herpes simplex virus 1 infections reveals virus-specific responses leading
to microcephaly. Cell Stem Cell, 2021, 28: 1362-1379.e7

Sato T, Stange D E, Ferrante M, et al. Long-term expansion of epithelial organoids from human colon, adenoma, adenocarcinoma, and barrett’s
epithelium. Gastroenterology, 2011, 141: 1762-1772

Wang X, Yamamoto Y, Wilson L H, et al. Cloning and variation of ground state intestinal stem cells. Nature, 2015, 522: 173-178
Kaftanovskaya E M, Ng H H, Soula M, et al. Therapeutic effects of a small molecule agonist of the relaxin receptor ML290 in liver fibrosis.
FASEB J, 2019, 33: 12435-12446

Nie Y Z, Zheng Y W, Miyakawa K, et al. Recapitulation of hepatitis B virus-host interactions in liver organoids from human induced pluripotent
stem cells. EBioMedicine, 2018, 35: 114-123

Li L, Knutsdottir H, Hui K, et al. Human primary liver cancer organoids reveal intratumor and interpatient drug response heterogeneity. JCI
Insight, 2019, 4: 121490

Kretzschmar K. Cancer research using organoid technology. J Mol Med, 2021, 99: 501-515

LeSavage B L, Suhar R A, Broguiere N, et al. Next-generation cancer organoids. Nat Mater, 2022, 21: 143-159

McCracken K W, Cata E M, Crawford C M, et al. Modelling human development and disease in pluripotent stem-cell-derived gastric organoids.
Nature, 2014, 516: 400-404

Wong A P, Bear C E, Chin S, et al. Directed differentiation of human pluripotent stem cells into mature airway epithelia expressing functional
CFTR protein. Nat Biotechnol, 2012, 30: 876-882

Chen Y W, Huang S X, de Carvalho AL R T, et al. A three-dimensional model of human lung development and disease from pluripotent stem
cells. Nat Cell Biol, 2017, 19: 542549

Cruz N M, Song X, Czerniecki S M, et al. Organoid cystogenesis reveals a critical role of microenvironment in human polycystic kidney disease.
Nat Mater, 2017, 16: 1112-1119

Eiraku M, Takata N, Ishibashi H, et al. Self-organizing optic-cup morphogenesis in three-dimensional culture. Nature, 2011, 472: 51-56

Tao T, Wang Y, Chen W, et al. Engineering human islet organoids from iPSCs using an organ-on-chip platform. Lab Chip, 2019, 19: 948-958
Wang Y, Wang H, Deng P, et al. In situ differentiation and generation of functional liver organoids from human iPSCs in a 3D perfusable chip
system. Lab Chip, 2018, 18: 3606-3616

Yin F, Zhu Y, Wang Y, et al. Engineering brain organoids to probe impaired neurogenesis induced by cadmium. ACS Biomater Sci Eng, 2018, 4:
1908-1915

Zhu Y, Wang L, Yin F, et al. Probing impaired neurogenesis in human brain organoids exposed to alcohol. Integr Biol, 2017, 9: 968-978
Homan K A, Gupta N, Kroll K T, et al. Flow-enhanced vascularization and maturation of kidney organoids in vitro. Nat Methods, 2019, 16: 255—
262

Gjorevski N, Nikolaev M, Brown T E, et al. Tissue geometry drives deterministic organoid patterning. Science, 2022, 375: eaaw9021
Nikolaev M, Mitrofanova O, Broguiere N, et al. Homeostatic mini-intestines through scaffold-guided organoid morphogenesis. Nature, 2020,
585: 574-578

Wang Y, Wang L, Guo Y, et al. Engineering stem cell-derived 3D brain organoids in a perfusable organ-on-a-chip system. RSC Adv, 2018, 8:
16771685

Puschhof J, Pleguezuelos-Manzano C, Clevers H. Organoids and organs-on-chips: insights into human gut-microbe interactions. Cell Host
Microbe, 2021, 29: 867-878

Lee K K, McCauley H A, Broda T R, et al. Human stomach-on-a-chip with luminal flow and peristaltic-like motility. Lab Chip, 2018, 18: 3079—
3085

Wang Y, Kim R, Gunasekara D B, et al. Formation of human colonic crypt array by application of chemical gradients across a shaped epithelial
monolayer. Cell Mol Gastroenterol Hepatol, 2018, 5: 113-130

Creff J, Courson R, Mangeat T, et al. Fabrication of 3D scaffolds reproducing intestinal epithelium topography by high-resolution 3D
stereolithography. Biomaterials, 2019, 221: 119404

Uzel S G M, Amadi O C, Pearl T M, et al. Simultaneous or sequential orthogonal gradient formation in a 3D cell culture microfluidic platform.

Small, 2016, 12: 612-622


https://doi.org/10.1016/j.stem.2020.10.001
https://doi.org/10.1016/j.stem.2021.03.004
https://doi.org/10.1053/j.gastro.2011.07.050
https://doi.org/10.1038/nature14484
https://doi.org/10.1096/fj.201901046R
https://doi.org/10.1016/j.ebiom.2018.08.014
https://doi.org/10.1172/jci.insight.121490
https://doi.org/10.1172/jci.insight.121490
https://doi.org/10.1007/s00109-020-01990-z
https://doi.org/10.1038/s41563-021-01057-5
https://doi.org/10.1038/nature13863
https://doi.org/10.1038/nbt.2328
https://doi.org/10.1038/ncb3510
https://doi.org/10.1038/nmat4994
https://doi.org/10.1038/nature09941
https://doi.org/10.1039/C8LC01298A
https://doi.org/10.1039/C8LC00869H
https://doi.org/10.1021/acsbiomaterials.8b00160
https://doi.org/10.1039/C7IB00105C
https://doi.org/10.1038/s41592-019-0325-y
https://doi.org/10.1126/science.aaw9021
https://doi.org/10.1038/s41586-020-2724-8
https://doi.org/10.1039/C7RA11714K
https://doi.org/10.1016/j.chom.2021.04.002
https://doi.org/10.1016/j.chom.2021.04.002
https://doi.org/10.1039/C8LC00910D
https://doi.org/10.1016/j.jcmgh.2017.10.007
https://doi.org/10.1016/j.biomaterials.2019.119404
https://doi.org/10.1002/smll.201501905

REBE: ARl 2023 4 53 % A2

51

52

53

54

55

56

57

58
59

60

61
62

63

64

65

66

67

68
69

70
71

72

73

74

75

76

Demers C J, Soundararajan P, Chennampally P, et al. Development-on-chip: in vitro neural tube patterning with a microfluidic device.
Development, 2016, 143: 1884-1892

Rifes P, Isaksson M, Rathore G S, et al. Modeling neural tube development by differentiation of human embryonic stem cells in a microfluidic
WNT gradient. Nat Biotechnol, 2020, 38: 1265-1273

Shkumatov A, Baek K, Kong H. Matrix rigidity-modulated cardiovascular organoid formation from embryoid bodies. PLoS ONE, 2014, 9:
€94764

Sorrentino G, Rezakhani S, Yildiz E, et al. Mechano-modulatory synthetic niches for liver organoid derivation. Nat Commun, 2020, 11: 3416
Liu H, Wang Y, Cui K, et al. Advances in hydrogels in organoids and organs-on-a-chip. Adv Mater, 2019, 31: 1902042

Cherne M D, Sidar B, Sebrell T A, et al. A synthetic hydrogel, VitroGel® ORGANOID-3, improves immune cell-epithelial interactions in a tissue
chip co-culture model of human gastric organoids and dendritic cells. Front Pharmacol, 2021, 12: 707891

Zhou J, Li Y S, Chien S. Shear stress-initiated signaling and its regulation of endothelial function. Arterioscler Thromb Vasc Biol, 2014, 34:
2191-2198

Chistiakov D A, Orekhov A N, Bobryshev Y V. Effects of shear stress on endothelial cells: go with the flow. Acta Physiol, 2017, 219: 382-408
Baeyens N, Bandyopadhyay C, Coon B G, et al. Endothelial fluid shear stress sensing in vascular health and disease. J Clin Invest, 2016, 126:
821-828

Zhang S, Wan Z, Kamm R D. Vascularized organoids on a chip: strategies for engineering organoids with functional vasculature. Lab Chip, 2021,
21: 473488

Du Y, Khandekar G, Llewellyn J, et al. A bile duct-on-a-chip with organ-level functions. Hepatology, 2020, 71: 1350-1363

Henderson A R, Choi H, Lee E. Blood and lymphatic vasculatures on-chip platforms and their applications for organ-specific in vitro modeling.
Micromachines, 2020, 11: 147

Barata D, van Blitterswijk C, Habibovic P. High-throughput screening approaches and combinatorial development of biomaterials using
microfluidics. Acta Biomater, 2016, 34: 1-20

Kim J A, Hong S, Rhee W J. Microfluidic three-dimensional cell culture of stem cells for high-throughput analysis. World J Stem Cells, 2019, 11:
803-816

Zhang Y S, Aleman J, Shin S R, et al. Multisensor-integrated organs-on-chips platform for automated and continual in situ monitoring of
organoid behaviors. Proc Natl Acad Sci USA, 2017, 114: E2293-E2302

Schuster B, Junkin M, Kashaf S S, et al. Automated microfluidic platform for dynamic and combinatorial drug screening of tumor organoids. Nat
Commun, 2020, 11: 5271

Skardal A, Shupe T, Atala A. Organoid-on-a-chip and body-on-a-chip systems for drug screening and disease modeling. Drug Discovery Today,
2016, 21: 1399-1411

Esch M B, King T L, Shuler M L. The role of body-on-a-chip devices in drug and toxicity studies. Annu Rev Biomed Eng, 2011, 13: 55-72
Trapecar M, Wogram E, Svoboda D, et al. Human physiomimetic model integrating microphysiological systems of the gut, liver, and brain for
studies of neurodegenerative diseases. Sci Adv, 2021, 7: eabd1707

Karzbrun E, Kshirsagar A, Cohen S R, et al. Human brain organoids on a chip reveal the physics of folding. Nat Phys, 2018, 14: 515-522
Workman M J, Gleeson J P, Troisi E J, et al. Enhanced utilization of induced pluripotent stem cell-derived human intestinal organoids using
microengineered chips. Cell Mol Gastroenterol Hepatol, 2018, 5: 669—677.e2

Sidar B, Jenkins B R, Huang S, et al. Long-term flow through human intestinal organoids with the gut organoid flow chip (GOFlowChip). Lab
Chip, 2019, 19: 3552-3562

Rajasekar S, Lin D S Y, Abdul L, et al. IFlowPlate—a customized 384-well plate for the culture of perfusable vascularized colon organoids. Adv
Mater, 2020, 32: 2002974

Patel S N, Ishahak M, Chaimov D, et al. Organoid microphysiological system preserves pancreatic islet function within 3D matrix. Sci Adv,
2021, 7: eaba5515

Achberger K, Probst C, Haderspeck J, et al. Merging organoid and organ-on-a-chip technology to generate complex multi-layer tissue models in a
human retina-on-a-chip platform. eLife, 2019, 8: e46188

Wang Y, Wang H, Deng P, et al. Modeling human nonalcoholic fatty liver disease (NAFLD) with an organoids-on-a-chip system. ACS Biomater
Sci Eng, 2020, 6: 5734-5743

219


https://doi.org/10.1242/dev.126847
https://doi.org/10.1038/s41587-020-0525-0
https://doi.org/10.1371/journal.pone.0094764
https://doi.org/10.1038/s41467-020-17161-0
https://doi.org/10.1002/adma.201902042
https://doi.org/10.3389/fphar.2021.707891
https://doi.org/10.1161/ATVBAHA.114.303422
https://doi.org/10.1111/apha.12725
https://doi.org/10.1172/JCI83083
https://doi.org/10.1039/D0LC01186J
https://doi.org/10.1002/hep.30918
https://doi.org/10.3390/mi11020147
https://doi.org/10.1016/j.actbio.2015.09.009
https://doi.org/10.4252/wjsc.v11.i10.803
https://doi.org/10.1073/pnas.1612906114
https://doi.org/10.1038/s41467-020-19058-4
https://doi.org/10.1038/s41467-020-19058-4
https://doi.org/10.1016/j.drudis.2016.07.003
https://doi.org/10.1146/annurev-bioeng-071910-124629
https://doi.org/10.1126/sciadv.abd1707
https://doi.org/10.1038/s41567-018-0046-7
https://doi.org/10.1016/j.jcmgh.2017.12.008
https://doi.org/10.1039/C9LC00653B
https://doi.org/10.1039/C9LC00653B
https://doi.org/10.1002/adma.202002974
https://doi.org/10.1002/adma.202002974
https://doi.org/10.1126/sciadv.aba5515
https://doi.org/10.7554/eLife.46188
https://doi.org/10.1021/acsbiomaterials.0c00682
https://doi.org/10.1021/acsbiomaterials.0c00682

ENAEEHES ISP

77

78

79

80

81

82

83

84

85

86

87

88

89

Tao T, Deng P, Wang Y, et al. Microengineered multi-organoid system from hiPSCs to recapitulate human liver-islet axis in normal and type 2
diabetes. Adv Sci, 2022, 9: 2103495

Danjo T, Eiraku M, Muguruma K, et al. Subregional specification of embryonic stem cell-derived ventral telencephalic tissues by timed and
combinatory treatment with extrinsic signals. J Neurosci, 2011, 31: 1919-1933

Kadoshima T, Sakaguchi H, Nakano T, et al. Self-organization of axial polarity, inside-out layer pattern, and species-specific progenitor dynamics
in human ES cell-derived neocortex. Proc Natl Acad Sci USA, 2013, 110: 20284-20289

Suga H, Kadoshima T, Minaguchi M, et al. Self-formation of functional adenohypophysis in three-dimensional culture. Nature, 2011, 480: 57-62
Trujillo C A, Muotri A R. Brain organoids and the study of neurodevelopment. Trends Mol Med, 2018, 24: 982-990

Slanzi A, Iannoto G, Rossi B, et al. In vitro models of neurodegenerative diseases. Front Cell Dev Biol, 2020, 8: 328

Lee C T, Bendriem R M, Wu W W, et al. 3D brain organoids derived from pluripotent stem cells: promising experimental models for brain
development and neurodegenerative disorders. J Biomed Sci, 2017, 24: 59

Cui K, Wang Y, Zhu Y, et al. Neurodevelopmental impairment induced by prenatal valproic acid exposure shown with the human cortical
organoid-on-a-chip model. Microsyst Nanoeng, 2020, 6: 49

Clevers H. Modeling development and disease with organoids. Cell, 2016, 165: 1586-1597

Fatehullah A, Tan S H, Barker N. Organoids as an in vitro model of human development and disease. Nat Cell Biol, 2016, 18: 246-254
Sgodda M, Dai Z, Zweigerdt R, et al. A scalable approach for the generation of human pluripotent stem cell-derived hepatic organoids with
sensitive hepatotoxicity features. Stem Cells Dev, 2017, 26: 1490-1504

Barker N, van Es J H, Kuipers J, et al. Identification of stem cells in small intestine and colon by marker gene Lgr5. Nature, 2007, 449: 1003—
1007

Yin F, Zhang X, Wang L, et al. HiPSC-derived multi-organoids-on-chip system for safety assessment of antidepressant drugs. Lab Chip, 2021,
21: 571-581

Organoids-on-a-chip
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2 University of Chinese Academy of Sciences, Beijing 100049, China

Organoids-on-a-chip is a newly emerging and frontier field with a marriage of organoids and microfluidic organ-on-a-chip
technology. The synergistic engineering strategies can be adopted to build organ model systems in high fidelity, and to hold great
potential in studies of organ development, disease modeling, drug discovery and regenerative medicine. In this review, we introduce
the origin, key features and recent progress of organoids-on-chips. The future opportunities and major challenges to advance
organoids-on-a-chip systems are also discussed.

organoids-on-a-chip, organoid, stem cell, disease modeling, drug screening

doi: 10.1360/SSV-2022-0027

220


https://doi.org/10.1002/advs.202103495
https://doi.org/10.1523/JNEUROSCI.5128-10.2011
https://doi.org/10.1073/pnas.1315710110
https://doi.org/10.1038/nature10637
https://doi.org/10.1016/j.molmed.2018.09.005
https://doi.org/10.3389/fcell.2020.00328
https://doi.org/10.1186/s12929-017-0362-8
https://doi.org/10.1038/s41378-020-0165-z
https://doi.org/10.1016/j.cell.2016.05.082
https://doi.org/10.1038/ncb3312
https://doi.org/10.1089/scd.2017.0023
https://doi.org/10.1038/nature06196
https://doi.org/10.1039/D0LC00921K
https://doi.org/10.1360/SSV-2022-0027

	类器官芯片
	1��� 引言
	2��� 类器官简介
	3��� 现有类器官培养体系及其局限
	4��� 类器官芯片的产生及特点
	4.1��� 3D可控动态培养
	4.2��� 组织微环境仿生
	4.3��� 组织器官血管化
	4.4��� 高通量分析 
	4.5��� 组织器官间互作

	5��� 类器官芯片研究进展
	5.1��� 脑类器官芯片
	5.2��� 肝类器官芯片
	5.3��� 肠类器官芯片
	5.4��� 类器官互作芯片

	6��� 总结与展望


