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Culture and application of thymic organoids: a review

Yue Ou, Peipei Zhou, Juan Wang, Xiang Liu, and Li Liu

Shanghai Biomass Pharmaceutical Product Evaluation Professional Public Service Platform, Center for Pharmacological Evaluation
and Research, China State Institute of Pharmaceutical Industry, Shanghai 200437, China

Abstract: The thymus is a pivotal immune organ of the human body, and it is the place where T cells differentiate and
mature. The damage of thymus would easily induce autoimmune diseases and even malignant tumors. For years, researchers
have been exploring the process of T cell development and revealing the mechanism of thymic injury and regeneration
generally through the monolayer culture system of T cells in vitro. However, the classic monolayer culture system could
neither reproduce the unique three-dimensional epithelial reticular structure of the thymus, nor provide the cytokines and
growth factors required for the directed differentiation of hematopoietic stem cells into T cells. Thymic organoid technology
utilizes cells with stem cell potential to simulate the anatomical structure of the thymus and the signaling pathway mediated by
thymic epithelial cells in vitro through three-dimensional culture, which is particularly close to the microenvironment of the
thymus in vivo. Thymic organoids show great potential in the study of T cell differentiation and development, thymus-related
diseases, reconstruction of immune function, and cell therapy. This paper summarizes the methods for culturing thymic
organoids, followed by comparing the advantages and disadvantages of the scaffolds used for culturing. The applications of
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thymic organoids in the disease model, tumor-targeting therapy, regenerative medicine, and organ transplantation were also

discussed, with possible future research directions prospected.

Keywords: thymus, organoid, T cells, hematopoietic stem cells, scaffold
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Table 1 Advantages and disadvantages of existing thymic organoid scaffolds

Scaffolds

Advantages

Disadvantages References

CellFoam matrix

Collagen sponge

Poly e-caprolactone

3D collagen type I
scaffolds

Decellularized thymus
scaffolds

The open-pore structure allows cells
to infiltrate and integrate into the
surrounding engraftment site
Insoluble collagen constitutes the
main source of the matrix. It is
primarily used for 3D or high-density
cell culture in vitro

It is a biocompatible structure with a
high surface area/volume ratio due to
its high porosity, thus being an ideal
scaffold. Secondly, the bimodal
population of pores is strongly
desired to assure efficient nutrient
transport and waste removal within
the scaffold. Thirdly, cell growth and
migration are also favored thanks to
a higher surface/volume ratio
Collagen type | scaffolds possess
essential factors that could be
exploited and further implemented
for thymic tissue engineering, such
as biocompatibility, biodegradability,
and mechanical properties to ensure
cell penetration and scaffold
vascularization

The 3-D ECM environment of the
decellularized thymus offered a
suitable and essential niche for the
long-term survival of adult TECs

The matrix is unable to be degraded
by the body

[9,29]

Scientists haven’t figured out why the [11]
attraction and accumulation of cells

in the transplant was substantially
influenced by the supporting material,

but some deduced it may relate to

subtle differences in biocompatibility

or in the capacity to incorporate
TEL-2-LTa and DCs for renal

subcapsular transplantation. The pore

size and porosity of the material as

well as the size of the whole scaffold

used for transplantation, may also be
crucial features

However, the maturation process does [30]
not lead to the production of fully

mature single-positive T cells. This
suggests that additional factors or
molecular manipulations should be

used to recapitulate a TEC-like

surrogate environment

Scaffolds degradation was already [32]
visible and detectable 2 weeks after in

vivo implantation, obstructing any
functional studies and most

importantly weakening iOCT4 TEC
organoids’ ability to sustain de novo
thymopoiesis

The manufacturing process was rather [12-13,16,33]
complicated in detail
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Fig. 1 Structure of 3-dimensional skin cell cultures. (A)
Scanning electron micrograph of the CellFoam
3-dimensional matrix. Image courtesy of Cytomatrix
LLC. The morphologies of (B) fibroblasts stained with
vimentin antibody and (C) keratinocytes stained with
antibodies to cytokeratins when these cells were grown
alone on matrices. (D) When grown together,
keratinocytes (orange) and fibroblasts (green) occupied
distinct sites on the matrices. (E) DCs, identified by
intense staining with HLA-DR antibodies, were observed
only if bone marrow progenitor cells were added to the
matrices. (F) DCs were often found adherent to the
surface of vimentin® fibroblasts. Scale bar=100 pm™*.
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TEL-2-LTa 20A8 AR 7% 1k B9 SSAR 40 AR INSR 7 itk B2 4
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Fig. 2 Inclusion of activated DCs in collagenous
scaffold in which TEL-2-LTa cells are embedded for
renal subcapsular transplantation accelerates lymphocyte
accumulation in the transplants. Two types of transplants
were prepared. TEL-2-LTa cells embedded in
collagenous scaffolds were transplanted under the
capsule of left kidney in mice (A), and TEL-2-LTa plus
activated DCs embedded in collagenous scaffolds were
transplanted to the right kidney (B). Three weeks later,
transplants were collected and 5-mm-thick frozen
sections were immunostained. T cells are stained in red
with anti-Thyl.2 monoclonal antibody (mAb), and B
cells are stained in green with anti-B220 mAb™,
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3 ¥ PCL XZRAMEMINEEHR)

Fig. 3 Qualitative and quantitative investigations of
PCL scaffold morphology. Scanning electron micrographs
of macropores (cross-section in the square) (A) and
micropores (B). Cumulative distribution of pore surface
and volume estimated by 2D-1A and MIP techniques,
respectively. Scale bar: 20 um and 300 pm®%,
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Overview

Murine thymus

Medulla

Coll3-1C

Cortex

Medulla

Coll5-1C

Cortex

B4 HSERUBGAR B R = dE S ey e e

Medulla

Cortex

Fig. 4 Generation of collagen-based scaffolds mimicking the thymic ultrastructure. Electron microscopy images
showing the ultrastructure of a murine native thymus and collagen type | scaffolds with two different percentages, 3%
(Coll3_1C) and 5% (Coll5_1C), of the crosslinker BDDGE and one cortical layer. Our scaffolds recapitulate the
medullary and cortical features of a normal thymus. Scale bar: 200 um for medulla and cortex magnification; 10 mm for

overview magnification®?.
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Ji S 28 A TKs B6 BT CBA/I /LY TSCs IR 4,
LK B6 KLAY Lin 4 A1 TSCs 1RG4 vE 51 21 i 21
If B B S B e AR AT A e R A B AR B RR R
] LU AR 3 CLPs VT 8131401k S Z FhIhfig
PET 4iffe (& 5)

2017 4E, Hun Ui f] CHAPSO 5K 4E
B6 /NN AR AN, K E14.5 JIGEAY TECs #
TFCs R4 J5 5 Fh 2 I A0 M S 28 |- .CHAPSO 7E 2:
B iy [l s, %k SR P R RS R B
KBS Y IO BRg i . R RS A B R e e

http://journals.im.ac.cn/cjbcn

Jii, #ME I (Peripheral blood, PB) Fl LR H -t 6
ME K ER Tn R T M, FRUBHE/DNRS
BT HEE . 2020 4F, Campinoti &ML T

Empty Recon’d thymus

B5 FARAMMEREEEZMRESE

Fig. 5 Reconstruction of thymus organoids from
decellularized thymus scaffolds. Light microscopic
images of a decellularized thymus scaffold (left panel)
and a reconstructed thymus organoid (with CD45™ thymic
stromal cells and bone marrow cells of Lin™ population at
1:1 ratio) cultured overnight in vitro (right panel)™?.
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R U i %) Pl A A DR B A A SR, SRR T
SCEEHEANE) TECs K falirdiffe., X 5d 5,
PREE SR E B AR UG LA R s A AN
ARG, H 75%0 M IR 2585 1 eie e AR
THES .

22 RIEMIZRHBRERE

TCSCHREE I 0 D 3R RS S 48 355 5 1k
WA PSCs A A TE UM IR 2545 . 2017
4, Seet 210 Sy T —FHIC MIHAY A ATOs £
FERYGE, RS T SN LT A SR Bk AR g8 SO
PEo TCIMTE RGN I3 —UHAE T 080 Tl Ik
B, PREE T ISR ATOs gk 54k . ATOs fig
% % #5 N CB. BM Hl PB 3k CD34"HSPCs
RsE Ak . BEPE R R . Seet ZE[0M
CD34"CD3™HSPCs I MS5-hDLL1 4l a4 3f 2
L, BRJGTE Millicell 1 A4 EE SR (Millicell
Transwell insert) b JE77 S A 1R85 572 10 5 240 1
ULUE. ATOs " T 4 iy 2 A0 Ax fb i FRAR 230 1
W NFHRR, I H ATOs & &% CD3'CD8™ SP
F1 CD3"CD4" SP T 4fi g #8 B 1% ™ A= 20 L [ FL7E
PUIERET 15, B SRR TCR &,

2019 4, Montel-Hagen 2099 % 7 —Fp g fin
B, BRUELL I A PSC-ATOs, LAPES: TCR T
TR PSCs 43k A HAT B g 16 1 i e D e S 1
Tn, fATELFES ARG Zi T4 (Human
embryonic stem cells, hESCs) =B ANRAR HARZ
4i g (Human embryonic mesodermal progenitors,
hEMPs), ¥ 5 MS5-hDLL1/4 4o 35 4 ik
P IRZ25 28 E (Embryonic mesoderm organoids,
EMOs).EMOs 7£ 1 IfiLi75 7 45 14 & 7l 434k 4 ATOs.

2020 4, Bosticardo 2?52 Seet 210 )y
Pe, #L T DGS A MM IR AR ERIAL, [F4E,
Montel-Hagen % %1 f§ C3H/He . C57BL/6 .
BALB/c il FVB 4 Fli/NELEE37 M-ATOs #5535 R4t
FIFH A HSCs il &2 LIS I M-ATOs Jf 77 A= i
ANRIERIFIIRER /NG T 4. M-ATOs 755 2
Jel it BRI AT 355 HSPCs 2 [l 4346 T 4L & , i3k

: 010-64807509

BAE T MR R AR B B AR B R R AR
2-3 J&l M JT 4 H B L84 CD8 SP 1 CD8'CD4*
DP ZHMIREMAR, 7655 6 MY T 46
(Regulatory T cells, Tregs), Jfa] K #i4 7.

M-ATOs Z 4t it 7853 5 W J5t 14 Bl Jit vy 4 20
F T AR &R, LR T 41 & & B B2 rf Notch
5 EE RS AR A, A BT RS R /N BN AR
2 it A 8 1 A BEATL AR

3 MIMREBE WE R A

31 RETHRENILMAE

Montel-Hagen 2M9%Ff ATO fiI PSC-ATOs
WRANE T A1 & & FE [ 704 1Y A L
file BRJLFBLAR) T ik F o BAR, BILT
A0k A BB IF HSCs, ANk 5 BM HSCs.
T2 B R DR AR R E LA itk R Ai i & & B
ANEE X, BTSN R T s B 40 e b i
LRI DNTT K& PR G A 1 A s i 400 1 IR 55 7%
fitf  (Terminal deoxyribonucleotidyl transferase ,
TdT), i TdT 7E i L #9215 844K - Montel-Hagen
2409 3o 3 AN AR % BH, A CB HSCs 27 Yy
ATOs Fl7™ 5 M B BT HE B T 4R AE 1SP4 F1 DP
BB ARSI E] TAT, HAAF A% B TCRP
o BEEHEAHRRE ;G LI # PSC-ATOs it
FEAER T QLR TdT iRk, R B
T 4k EhmEALEMUME, 1A, hT
PSC-ATOs JL-F- A1k DNTT, F5 TCRs i H b
He5E X 3 (Complementarity determining region3,
CDR3) XIS, XWHE T 4 B 4iiE7e
N6 L% & w1 CDR3 X el 45 J 191328 i 78 K
HYRRE
3.2 EEIIRNHE KRR B AR B
3.21 JRR SRR IR

DGS Rie KM T s R B A4, JB Tk
P 440 i 67928 B9 . Bosticardo 22U F DGS i
) CD34 4 7. ATOs, LU 7 1% 559 1 B
ML AT &I, MR A0 MEAE 15 R T R T 4

B<: cjb@im.ac.cn
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IR BB S AK2 FER B %, ATOs
PR HE R T A0MEAE 54k gh J1 2% . RAVE T IH AT
4 DiGeorge Z5A ik fB 35 78 15 ML h BE J7 TR 9 4R 1IE
ATOs RGA B FHE T 415k az B A 86 DI By
B, RUMER DGS yfCaRMERIAL
3.2.2 BRI

¥ Jt it 9 A 935 A 105 T ) JE PN 73 5 240 IR %) e 9 -
o) B IS 95 TN e A7 A0 BfL g . TECs 1 Ml g 87 R0 v -
Iy R LA R A 05 T e i bk EEL 240 e 1 8 7 < vk 2L R
S5 W MR A SR AT RE I8 o 30054 B,
H AT I B 32 S UREE TR | HA2E A mliy fb
7 AL 0] 25 (B A5 0] c-Kit 32 1A R 22 8t 0 i 5]
P e ABL/SIC I i 37k 10 s Je BT
o ABXTF I TCEE IR . VIBR G & R 808
F1%) b i Je 8 LA K 56 4 VD83 Mk e Sk 98 J Al g6 4 7
MR ENGYT, RIS — .

AT a0 & . KW TR (Genetically
engineered mouse models, GEMMs) FlA Itk 5+
Fh# M il (Patient-derived xenografts, PDXs) %
gy, IR 2E %8 B (Mouse-derived organoids,
MDOs) FIAJEZEASE (Patient-derived organoids,
PDOs) ANH B R H 1E & 4121 FUA 7] 985 22 B Bt
1 e A kAT a5 5, T ELRT R S A, IR
SERUAREAR, BORK R . AMEFRIY PDOs fE
S AR G-l S B Z2 B K R 4141 (Bulk tumor) 9
P BRI ELRRERT R4y PDOS TR LY IATT
JS % FUNT 1 £ ) 6 T RO — 3 o 5 AR
RUAHEL, PDOs X A7 2 i w1k 1) 24 ) SO ek 3¢
SR, RO M N A 24 5 AT R AE AN R
I %390 A g g S A B BT IS AR A T 28 IR
A, R M AR RS D R AR, R
A T BEFE B e iR L 1) 24 7 24 B0 T e
3.2.3 ABAEHMERRE (Human immunodeficiency
virus, HIV) &4y

B LT S HIV L B4R 2
— AR TEYT I S #E IR YT W A R 2L A7 7
T PHAG EBH E ANiz 4 . Samal 2510055 4 g

http://journals.im.ac.cn/cjbcn

PR E IR T —FlaBE-JH-Hope-1 (BM-liver-
thymus-spleen, BLTS) A4k /NRBLARL, Skif 5%
HIV R Y7 S (10 B 2 20 27 2 1k 1 Rl i 28 4 i
P07 ABATE HE 1k NSG /N R Z A E UL it (200
rads) vy HI&RERIR, PRI NI LALZ (BE . B
RIS 0T 1 mm? /N, e =1
BB E AT RSN BB ARG IR
JR ) CD34"HSC 4, 10 Ji)5 i Ak i i =4
A B NGz i, W] BLTS BLEhaEy . 1%
BEAY Bt A AL S 4 A28, QR SRR si Al
[ TS HIV R R EO M D2 4 4k,
A BT AT T ME R0 AN 1 [ Bl 4 v v

PD-1 FHWFITEIR YT e A HUE TE HIV &
PeRBOW T AR R E AR . PR T
#E 1 (Inhibitor of apoptosis proteins antagonist,
IAP) F5317] Debio 1143 (D1143) A ¢ ik e 4
JELBE T 14 B3 [ 44 T - Bobardt 25 i) A Ak /)N B
NFS A M PR A8 1, P SCE B R R, LABT
5% D1143 J& ] LIS ST N PD-1 FAFERELIA
(monoclonal antibody, mAb) K¥#E% 1, W/ A
PEA/IN AR N I SE BN R R . IR9T 4 S, B
MY BT PD-1 mab f#f PD-1"CD8" 4 ifg £ 2 T~ B
T 32.3%, B4 T D1143 MR o 5 400
/T 73%. T PD-1 mab RUEFIML I P AY HIV 255
FEAIC 94%, 1M D1143 MMM — B4 B IR M 94%
PEEE 97%, WA HZ 2 G, Iradigidh cD4”
0 LAY S B R [ AR (71%-96.4%) . Tk
B 45 (80%-64.3%) . JH It (64.2%-94.4%) , fifi
(64.3%-80.1%) F1 fiig it 25 4% B (78.2%-98.2%)]
Wb 5 4% F . Bobardt Z iy kT, B4 S
D1143 F1 PD-1 FHITHI, BEUE A HUM 5% B s R
GEZ AR, 4R R E A T R
33 ®iZATT
33.1 FEAEMBRRRME T 4

AAEE BRI 1 BU)R (NY-ESO-1) &
JRRE S IR T I R AP A AR, HA SR A R E
AR B 5 R 240 L S 5 oy 55 19 ) g LA S BRI e 58
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B, 2017 45, Seet %103 i ATOs S i 11y
CD8'SP 4iiffl, &1L CD80 UK Fusk — 3
BT HLA-A*02:01-B2M-NY-ESO-1157-165 HJ A
THUREE AN (Artificial antigen presenting cells,
aAPCs) dL3EF% . Seet 000y K562 4 it P 4%
HLA-A*02 : 01-NY-ESO-1157-165 %41, Fi[i] 4-6
JEE I NSG /INFRURZ e S ARA e Bl o 3 o Aoy
9o LR HE S5 5Bk e 5 aAPCs 4% i) CD8'SP T 4
M, FR1EsF i % B/ N B 5 PBS, ATOs iRy CD8*
SP T XS /1N B P 4 e A S 2 il VR F

2019 4, Montel-Hagen %5094 i Seet 4510
)7 A AR B, PR 67 280 mTagBFP2 %5
M 1G4 (NZEPTNY-ESO-1 45 721 TCR) Y%
T 1y 51) A 1 5 5 3R A5 3 hESCs, HETAT 8% 3% PSC-
ATOs. 14 PSC-ATOs j~74:[#) CD8uB" NY-ESO-1
TCR T 2 i3 5 2 far 98 BRAAR P, B S350 T I
4+ . Montel-Hagen [ BA S A8, 40 AELE 1A
HhiE it FE R 4Rl PSCs FeiAHRMRAER) T 41
ZARIE TR 4 X 8 PSCs, ) 70k 2 T LUF]
PSC-ATOs Y5 5 A Wr b A= 1 e 8 1o 2k A T 240
R 4R Aoy il 1 WA A B sz ik, A5 R EE G
ERGHER T A0, o m 75 g e 14 (]
332 BAER¥MBEBM

JC % B A IR A (Immunosuppression-free
state, IFS) SZFEREAEYITETE £ 1A N OREF IE H A= 21
NRE A LUk, A2 B E R REUE
WA, RS B2 BRI, RAY H T
Koo P AR AE RS AR YA B IFS sl fE b iy Bk
YER, (BB SR EE . A2 s
IR TR, "TRE2 ik IFS sepild, e
A2 B4 (Solid organ transplantation, SOT) Al
H B Gy R O ) 25U S T 4 P A B 2R R
FHF A9 T2 Mo AR sopk L ZH 2L P 451 . Yamada
AL, 5 X B M AT 7, TTRE
o B [ 2 AR ASAE LR ) M AR 5 An SR A 32 IR S RS A
SRR R, SRS HE T A I A A A e
M, BoAHEERZ A AT RS SO I A K W 37

: 010-64807509

2016 4F, Tajima % 2VHE 4 Rz 0k B A 52
g 2130 g T — AT BESE B IFS Y% (K 6):
B PARA E HE k A P B M i BRE RS R G
BB Ak ), A R D T R T A
HAN B (K 6). i FACS MR & % TECs
AR At ) Pt () 70 5 40 L, D0 o i R A e (A
TECs {fi 3235 Z K1 MHC 4> 718, JF A i e 41
JHOSEC TR I A M S 20 S HR AT DUR) FE S A B 28 S
SR R 48, RN ECM M s fE kAL F e
R S A I 107 NP 13 S 11 W O E B oo 2 N
WA RV BR R (B ATG B4 CD52 HY
Campath), FRRE T B AR Ao s 5 3% 422 i 73 3
Bk, PABUCR 5 32 44 2 28 W I 25 4 AR A 1) Bk i
SCHEAE AR Z AR TR B B R D TS BRI A
— HAEAfA, AIRES = —A 0 Tn g0 2E,
T R H5E3E I B P8 ) RE 4[] B 6 1 20 it R 5 B
e 32 , e A S AE Y K A AP AT B4 T
HEZEII 259, Campinoti 20 2l
WA, BRI ST RERHEEE IS B, Bk
fifR R B RS P HE R [l AR 1 5 1 A e JEL o

B PER R Y HL1E 9% (Chronic graft versus
host disease, cGVHD) %y HSCs #& i i i K 77
WA T E R . = sEHEEE IR R
CGVHD Z & F R sh i, Bl R —HE A
F R cGVHD HRMRIT ke N T X —
)8, Lockridge Z:M1 i e el /N U AR A2
RS TE M40 . A SSIRNG I B AR A, DA
9T AR A 5 300 2 4 B 4T 4L iR B
Al 100 d 5, /NRITIR BB cGVHD EER, £
BB T 4000, B 4t A0 v 4n i 40
MR 5 R0 I S50 0L & A AR Al s B IR R,
BRNITE . B U TERE A T B A 4E AL
MR E iR, JFHERYERES
FoxP3™ iy I 4H JfL f14 451 2% 5 47 K 5 . Lockridge 2514
R, AR 2 nT RE T mk HA BURTE IR0 T 41
Mo, {HRRZEEE R Tregs A Bh Tl 0wk
T4, Xtk cGVHD [IEIF A Tk mg
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Single cell suspension
 —

@
QQ:Q
®

Thymus scaffold e l TECs +*

0 o4,
\3!

CAMPATH
(Mab anti-CD 52)

RECIPIENT

= Nt

" DORNO Thymectomy O Decellularized thymus scaffold

® TECs O Bioengineered thymus organoid
" Lentivirus expressing recipient’s MHCs

E6 FAKRAMMRIEEEZMBLRZE

Fig. 6 Induction of donor-specific allograft tolerance by thymus bioengineering. Thymus gland is harvested from a
cadaver donor in conjunction with the organ to be transplanted (e.g., kidney or pancreatic islets). Recipient:
preconditioned with lymphocyte-depletion regimen [e.g., campath (anti-CD52) or ATG (anti-thymocyte
immunoglobulin)], will receive the transplant. Donor thymic epithelial cells (TECs) will be isolated from the dissociated
thymus, transduced with lentiviral particles expressing the recipient’s MHC molecules, and used to reconstruct the
thymus organoids with surrogate thymus scaffolds. The bioengineered thymus organoid will be transplanted into the
recipient, either as an additional thymus lobe (in young patients) or as a replacement (in older patients) at the time of
organ transplantation. Representative images of a decellularized thymus scaffold (mouse) and a bioengineered thymus
organoid (mouse) are shown™?.

4 RES5RE 20 LRI A M PR, R ik 56 4 R B OE R B AR Y
Rg. BN, MR R BT AR Y I N R AR R
W RS ERT T ARG ST R, K (Vascular endothelial growth factor, VEGF) Rgf%
e A
S e e - Skl KR TECs BEEIKFIZE % VEGF 1Y
58 T MRS 3G 504k . Bl B A 3l A 0 R e W ] 7 T 8 A I 1 S A
AIMIEEYE T W40 (Cytotoxic T lymphoid cells, E s A 7E NSG AL/ N4 b T
CTLs) S5 Jy AT HA 2 85 B O T C0R LA gy o1 (e 7 o i 2K 28 2 6 9 R e bR R
Do AH H H i B SE a8% B 5 IR im v 2 PR LA A AR 6 B A I BT L T AR ) T AR
4.1 %S A& X HY 40 B E F RIS, T BRI R G kAT

AT O IR A B O MR S0P i R, R DR B S SOk B an st T ik

VRS Ak F RN 5 PR A1 52 36 58 SR 22 T REAE

http://journals.im.ac.cn/cjbcn
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FARE AR S T I A e A0 I PR R A I A
1, ARHERAREIE U RGE, AIREEAR S EY)
AR M RIS AR AR P RE N S AR TG R A

D2l VAL
WOEAE

4.2 RFFEIBERFZE AL

KZEM PRI a8 B ook L A5 2840 1 ke
e N IS S (S 5 7 X VA i L
I U 2L 5 A i) U 200 il K L 235 25 2 B O S
FEAE, 23 E OB M N BETA &
Do e NEREBET (] Bl = s fn B2 1, itk
48 FLAT 21 Ak ) I 4% 285 #0 A A L B 4 i, AE
% MRS A B AL PR 35 S Fan 1% 91,
MR as BB TR T 2-4 5, MAR$IC
PR 0, UOHZA BN BE T MR 2R A B K
AT, BeAh, WREgSnT R, REE K
(A T L Komori 21 8h4 37 4 CBAICA]
& C57BL/6 /)™ 5 M iR 240 it £ A ) 4R 2SI ik 2
ghvp ) MM E RS PR AR RS ALY S A R 2 Ak
VR CD3L PN K i 5 7 45442 32 M g 4 i A% A
AR ELSE rR, ERAG IS T CD105" 4 g Al it S IV
4iffL ., CD31 &8 N & pRic, CD105 FIV
AU R B A I AR IC Y, BT BRI
EYESAMALRE T ZMME RS, ok,
AR ik 2 A L fA 85 11 5 (Cytokeratin 5,
K5) FH4ifff & 1 8 (Cytokeratin 8, K8), —# 1
4 TECs WIFRICY, 205Xt N iR mTECs 2= A0
CTECs JZ. DA EZ5RU0, Wbk B 45 4 A it it 2
ML RS AE AL B, AN UAT B F B A 4 52 81 M 7 A
(Vascularization), B REfEH R H1%) TECs 43
2, B R B i PR S S A 1 B AL ) ST AR 5 4
AN, Rk F A R T BRI B A A A
FKEERE AT LIMEHE TECs AYB AL, iR X2k
EECAE I MRS Ae B 258, AT ARG
YEFFIE R S5 A RE

Lenti 25008 5 TR | i A7 8L 45 07 3
/NI RG 2R, PR RS A IE

: 010-64807509

KD LA E RN o B ZEAE
FLAZAR B SR E A, IR T IR E A5 | A
T RINEEE P &AKE T 4R B 4k,
SCRE T /NI S S o el WL, AHEE
BRI 4 AT RE I S M IR AR B RS
Lo E T ORI A% B RS A 2 LA A 5
i, TN el EEE— PR ST

43 WMRMRES REMABMEEER

2000 4, Hoffacker Z:PM4R T 41 iy 4 i 71
PR e 2 TR AL 27 U, TA ) 200 i B 92 A A7
FERTREIR G 2 5 T M BRI AR OC B B S R 10 &
Ao 6 R R R — B R B AT DU R S TR T
Y M A S T AR IR . BRI AR B BB
SR S T AHAR, BRI ON T 4H AR RS 5 R A 1
WAEFR R T 40 A AL, FEmEeE B 40
AGE A BPUR. XU E A8 8 T Kb
RGBSR Y 22 TR A 3 R G4 B
Ry (Systemic lupus erythematosus, SLE) &b
SEJLIG S (Myasthenia gravis, MG) 4 5 2 Il ik
hEAETE Z R B S PR R W B A B ek
CDA'SP T Zififl. ¥/ & IBRM s, T
H B BRI BE T o 24 Fi R 2 e B - fo g A i 2
Bk RGP E AR E B R R, AERTTE DR YL S Al
PG5 egse . IR AN G0 R G822 18] 5 4 ) B A5 A
ARy A ARG, E M R 2R -
B 9% A L I B 37 AR G R AH G BF SR AT Ak T A IR
Ao WRHLHXFEMRGE, 0 F T i
5 2R B B S R S L I AR R AR AL Y
TRIT, BEAFHAE SR T I R BB 4
4.4 {1k HSCs BYIEFFINE

UNGIERAN 7N E = I v H:) 1] 5
wrE AT IESALN, MRRRLE IR 12 JH L
R ROIOR W R R R 3R T B2 F) HSCs Y
BRI . — 5T, A HSCs +43#i2>, M CB.
BM 1 PB 253 fif A A S B HSCs I AR ME R UERR:
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SE BRGS0 — Ty, RIEFRAT R R4
55, B (0 JC SO SR IR A8 T 4 AR 3 R BN A
#E HSCs sEM4rkly T 404+ (i
IL-7. FLT3L)M02  HSCs 75k 32 KL 0 T Bk
AT DA EER E B, 8 [R] s K A R i v Y R
H1 (FE) SB# FBEEEEER, WA
B R R ARG IR T, BTG4
F RS EEARKEEFLAE 0.4 um A3 A A1 R
FRMAEA TR S F% o 46 A A0 8% 77 M 5
AT W - i Sy B i e T RIS R, AR
FLAEARH SR a4 R AR RF S TO0IR [RS8 B
Dk QB Y55 BER LRy A RV NN D) BN I | Ka =7
TR AR (91N S A R TR 3D B
JR RO R W v TR IV 1924 R 3D 25T
A TIRE L — 1 Transwell insert = 4 Jo 32 42 i i
REE, ATREA BT — e,

SRS BRI TG R 2R T I RIR YT
B, (HEEXE T 4l e s i s omn o b kot
e sh AV JRAS O] Z 001 o B B2t B A EE R ok o
BN REAR R B E A (B BRI IE I
Yo LE G | T W R AH B TR D R A A A
AR A s A sz Ok T iy T -,
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