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Abstract: Novel model systems have provided powerful tools for the research of human biology. Despite of being widely
used, the conventional research models could not precisely describe the human physiological phenomenon. Organoids are
three-dimensional multicellular aggregates derived from stem cells or organ progenitors that could differentiate and
self-organize to recapitulate some specific functionalities and architectures of their in vivo counterpart organs. Organoids can
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be used to simulate organogenesis because of their human origin. In addition, the genomic stability of organoids could be well
maintained during long-term amplification in vitro. Moreover, organoids can be cryopreserved as a live biobank for
high-throughput screening. Combinatorial use of organoids with other emerging technologies (e.g. gene editing,
organ-on-a-chip and single-cell RNA sequencing) could overcome the bottlenecks of conventional models and provide
valuable information for disease modelling, pharmaceutical research, precision medicine and regenerative medicine at the
organ level. This review summarizes the classifications, characteristics, current applications, combined use with other

technologies and future prospects of organoids.

Keywords: organoids, stem cells, disease model, pharmaceutical research, precision medicine, regenerative medicine
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Two-dimensional cell culture

Advantages:

1.Amenable to multitude of experimental techniques
2.Easy high-throughput screening

3.Suitable for biobanking

4.Low cost

Disvantages:

1.Genome instability

2.Unable to model organogenesis

3.Reflect human physiological phenomenon inaccurately
4.Absence of differentiated cell types in original tissue

Non-human primates

Advantages:
1 .Near-physiological model system

2.Suitable for studying neurophsiology and neuroanatomy

3.Similar immune system to human

Disvantages:

1.Expensive

2.Ethical restrictions

3.Difficult to observe

4.Not suitable for high-throughput screening

Mus musculus

Advantages:
1.Amenable to establish hererograft model
2.Reflect human physiological phenomenon partly

Disvantages:

1.A long perioid to construct model

2.Unable to high-throughput drug screen

3.Unable to model organogenesis

4.Can not recapitulate biological processes specific
to human

-
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Organoids
Advantages:

1.Humanized

2.Maintain genome stably

3.Suitable for genome editing

4.Easy high-throughput screening
5.Cryopreserved as biobanks
6.Self-organize to model organogenesis

Disvantages:

1.Lack of vasularization and immune system
2.Unified culture standardization

3.Relative costly

1 EBEEHRBS5 DMK, MEKEE, AR KERB LT

Fig. 1 Comparison of organoids with 2D cell cultures, Mus musculus and non-human primates model

1 RBENAXREY

MR8 A SR IR A A [R], 2885 43 BUA T2
i (Adult stem cell, ASC). £ fE T 41 Jfl
(Pluripotent stem cell , PSC) = Jif' 583 2% 2% &
(Patient-derived organoid, POD), i PSC X4k
JEJG T 401 (Embryonic stem cell, ESC) FlifS
Z fie T 40 . (Induced pluripotent stem cell,
iPSC) o Ak pY 264 B B A A B9 e & H
B, ez SR 2 AR Rt R Y
KT PSC, M TR st (50 . KT Y
A PSC K48 1 ASC R IRT AL
HA PR ETIARAAE, 320N T 58 ik

&: 010-64807509

[2.17]

YUY TR RO oy 7 202
1.1 ESC #1iPSC RiREHIEEE

AR Z R T 4 B4 JCBR A 3R H I kh
JLF i e B S i i e Ry, Ho RS T 4m
Jl ESC 2 U5 T 28 AR 3 P 241 it AT i) 4= e T 4 e
DRI 9 A8 B ) A0t Az BRI, 5 ESC ML, iPSC
KA E HIE LT B0 AR A iy (G 8 2 B R Bl
LT 4EANIE) T A Z R Tk pSC®,
B Jo5 2 i T IR R 2 R B RN U S v A P
Hh SO B R S S Sl LU I, 3D e,
PSC K& B MU 2 Piw, XFHIRERT
EREESE, BlnpiERSy, BIERRETF

. cjb@im.ac.cn



3964 ISSN 1000-3061 CN 11-1998/Q A4 T #2244 Chin J Biotech

Reprogramming

AdSC isolation

PSC —

©

—= AdSCs

Intestine organoids

Activin A —
e e BMP Lung organoids
©
EGF Wnt BMP
Stomach organoids gk TSR
Wnt BMP
FGF Thyroid organoids
EGF ™ FGF BMP
: ; EGF
Liver organoids Wt
FGF
EGF
Activin A =
BMP4 Kidney organoids Blood vessel orgnoids
Mesoderm — £ BMP
o, o VEGF
o Wnt
Wnt Brain organoids
BMP4

Ectoderm —

©

Intestine organoids

Wnt BMP .
EGF TGF Pancreas organoids
IGF e Wnt TGF
FGF EGF BMP
Growth factors Lung organoids * FGF
Wnt  ROCK
ECM embedding
¢ FGF MAPK Endometrium organoids
TGF
Wnt TGF
BMP
; EGF  BMP
Stomach organoids FGE
' Wnt  TGF HGF
" EGF BMP

"~ FGF

Prostate organoids
Liver organoids e

y  Wnt TGF
wnt  TGF ' EGF pmp
Activated EGF BMP FGF
) FGF ROCK
Repressed HGF

2 A PSCRREEBEM ASC KEXBEEHRATED

Fig. 2 Process for the establishment of human PSC-derived and ASC-derived organoids®?. PSC-derived organoids are
established following directed differentiation of PSCs, which requires germ-layer specification (endoderm, mesoderm or
ectoderm), followed by induction, maturation, and culturing with specific growth and signaling factors to obtain the
specific cell types that form the desired organ. Some PSC-derived organoids may contain cells from multiple germ
layers to closely mimic the in vivo counterpart. ASC-derived organoid cultures require isolation of the tissue-specific
stem cell population, which can then be embedded into an extracellular matrix (ECM) with defined, tissue-specific
combinations of growth factors to allow propagation. ASC-derived organoids, as shown here, are of epithelial origin and
lack a mesenchymal or immune component unless it is added separately. Signaling components that are important for
guided differentiation and niche function are shown; activated signaling pathways are shown in green, and inhibited
ones in red. BMP, bone morphogenetic protein; HGF, hepatocyte growth factor; IGF, insulin-like growth factor; ROCK,
RHO-associated protein kinase; VEGF, vascular endothelial growth factor'.
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Fig. 3 Organoid cultures for personalized cancer treatment and drug development®®. Organoids can be established from
patient-derived healthy and tumor tissue samples (upper panel). The organoid cultures can be genetically characterized and used
for drug screening, which makes it possible to correlate the genetic background of a tumor with drug response. Organoids can be
cryopreserved and stored in live organoid biobanks. The establishment of organoids from healthy tissue of the same patient
(middle panel) gives the opportunity to develop less toxic drugs by screening for compounds that selectively kill tumor cells
while leaving healthy cells unharmed. Self-renewing hepatocyte organoid cultures may be used to test for hepatotoxicity—one of
the causes of drug failure in clinical trials — of a potential new drug (lower panel). In this example, drug B seems most suitable
for treating the patient as it specifically kills tumor organoids and does not induce hepatotoxicity*!.
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Fig. 4 Tumor organoid culture systems modeling the tumor immune microenvironment®®. The tumor immune
microenvironment can be generated in organoids by two types of approaches. In reconstituted models, organoids

containing exclusively tumor cells, often from physically
extracellular matrix domes (e.g., matrigel or BME-2) and subm

and enzymatically dissociated tissues, are cultured in
erged beneath tissue culture medium. Exogenous immune

cells, such as those from autologous peripheral blood or tumor, are isolated and subsequently co-cultured with grown
organoids. In holistic native TME models, the intrinsic immune microenvironment of tumor specimens is preserved
along with tumor cells without reconstitution. Tumor spheroids from digested tumor tissues can be mixed with collagen

and injected into microfluidic culture devices. Alternatively, in

ALLI culture, minced primary tissue fragments containing

both tumor cells and immune components are embedded in collagen gels within an inner transwell dish. The top of the
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BAY b H A5 MR T4 dRc il — SRR A A
CRISPR 5 A BT SR A 97 5 2 98 A6 DR [ 40
B1 (The raf murine sarcoma viral oncogene
homolog B, BRAF) 578 RIGE A AR 25 1 s 2 o 1
BERL B 50551 A TGFR2., P16/Inkda 2k ik %
AR DL S A TR TR A K A g S 14
P, CRISPR FIZE &8 B HOR AL 7™ A= T — 4>
ZURE T HAG . I 7 AN ZIEAE L A A IF 5T, %
FHEBE A E A E L
24 HHAMBEEE

AR BE A2 ) F % H bR R TEAR SN A B 2 208
RIE—IHBER A Z & B, SEBL T e il |
TCIF R AEFIFEME D, e IR HUHE R R T
HEE B BRI R 2 T A& BRSPS
R, JUHARIR T AR & B 2w O i .
JIE B R rh, B B ARAT) R I IR 32 R R T
s, H R A A B AR ™ F R Bk DL 2H 2 55
I E RSN B O EAE S R S A7) -
HRERS [ AL ZH LY 0 AT T AR RB A, A
R AR AR T A B 0,

B R R ) R B 5 A B, Taguchi 2507)
C 2 IR B e B A A 2 AR /D B RY B
T, M, ABEEFRTEN. i %P
S5 B A B IR RS S S S I R
NP RERS A A B, BN A K EHTRY
Fass, B2 B AN, BRI R g B R
RN A7, {H 2013 4F Takebe 25°°TEL s ulnke A
R E AR BUA N, TR AR
SR P RENE A RSB R GE, RIETHIER:
HRRAEFEA, $Ea/NEIAE R, LG, BEE
THE FE AR e R I NP 2E 2
(I A b USRS AR I R o T e, 4
IXSEHARIFLAR gl R AT B A Y #8 BT A 2 K
WA, HREE A AR R R R T —
AN A 2
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3 ABEHAMSORE SN

31 EHJFEDH

KRB F AL BEHAENGE L E R
J¥, (HRHIEFR RGO Al ¥ 6 Bk = SRS
e, PITEETF ARB A0 7 A . P A Ak
MmELHEMAEMA R L®R. &S
(Organ-on-a-chip) #§ LA IEH AR ML, BlJG
SIAANML . AHMEAPIEET . A DN 20 it ) RE ) A% s
SGIUEM B AR A MM RS, TR E
T REA R B0 1 A e B LR s T ST,
KL E A (Organoid-on-a-chip) S K #% Btk
KA AR B A T R RS,
PIE LT AN, BERERIAS B A B e, B3
REMIEE, NREHANRSE R o FES T
PRE B (0 B4 . Shirure 2N 2L iR K g
O TR AL A X 4, A AU T 0 A o e 240
% B IR BB 25, AT LASE S s )
JURE I A A L M AE AT RS, JTAE R R REE R
i AR A . B, RARVEES AR e
TRAVE BORTEIEAIAE Y 2= 05 . 259 Btk
FE R AT IS 4 2 AU N, AR E A
i B O A 0 S R AR 1 BR B Al
3.2 B RNA NF

KBRS B R R B R G 48 B Y 2> 74
Yy R R AAE R, R AN — 0
AR R AT T R TR Ak, R RNA
M (Single-cell RNA sequencing, scCRNA-seq) &
Iz AT US40 R a6 2 40 B 43 AL 2R R AN
SR 2 ST D R R R AR B
Bk A WS I scRNA-seq 20 Ak
R G 2 4 B B AN R A B I L AN [R] R 2 DX I
ek, AR NIR, R EEE WU AR sl
JOT 240 L i A B, e = AR P P 4 ST AR R
Rzt cowan 273 i sScRNA-seq %
PR SIS A5 B AT B L A s AL O A, B IR (Rl 2K
T RS A B BRI s PR ik R A A B
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ISP AHDCIE , B I S 2 71 HAT 40 i 2
P, AR R B e T R X B
2 2 TR 55 ) Al

4 REERE

AN AR A A A 2S5 BF 5 1) e
AR, BRI SAE G A AL TR B, HApR
TP L RO R DA R AN A o 4 i SO 5 45 1 S5 A
R B RO K v T B U Y [R]

e, JEAE YA PR AL R 5 A% A5 R TR RN
TR PR M AN TS AE 78 B N R 4 M A R AE
TEAE R BRYETCL, fn, R as BT Aok N £
PRy, (R RIE DA . i RH A . R
JEAT 2L S IR A SU eV £ 25 50
Kk, BT 24l (B4, FEE 2G5
gy AN T RS RS . AT
AT E A 4L FWas L . AR
WA S 4. Hur, A4 B g
(The human cell atlas project) iF 768 & — 4> H
PIECHE I, TRk AR TR AR SR 88
F B2 0 35 LR PR 7Y s T 4 i LG
FIbREL AR B HOR | IR BRI L R
A AR H BT

KA EWR MG — PR A
P, HBETE RS LT IR LA 4l 20 3k sl A 414,
I HL e = 1A phy 31 32 10 A G R LA R4S . IR A
sz ohee, ket AmaEEr®, Hae
PRV B, BRI 3D A%
(3D bioreactor)"® 1L & 5 F B A8 I 1 2K 2% B ——
Bl 4y 45 A A OV B AR A 1 2 B B TR B 28
T B Rajasekar Z B0 T AN A7
£ IFlowPlate, JP A2 241 it AT [ 41 26 s i 457 Y
%, HHE5 RTINS, BAEA M HETE
SRR RE S AR -

A, BEAG AR B RBIRAE 2 i3, iR
FAAME SRR BAIRE], & BN
BRAEASETS, PHIRZRSS BRI R TR, PR
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THAER R Eryr AV, ARG C AR E TR
B YR R SRR, K G2 U A R R SR
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FEPYE RN B M R A R IR A, B
P A 2R 1 N AR A B2 J2 % B R A Y %
XA A E AR R K, eS8 R
B HMERS, 4 v SLAERIE T R

BMIMFZ, ANREYENEREATEIA
BT T E, M 2D ¥53:48 77 404> F WL FF
UG %] 3D LM ARG, R E NI B
SN A, [FA AR Tz N A A
ARG, TEXFE A T A B BN 2 1 AR 5
R R . BARYRIREE Re LRy H Ak
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RN E AW MIIAE, (HRIHJERK
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