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Abstract: Heavy metals poses great threats on human health, so people pay more attention to heavy metals pollu-
tion induced health risks in recent years. Intestinal absorption is one of the main routes for human exposure to
heavy metals. Therefore, the investigations on bioavailability, intestinal absorption and toxicity of heavy metals at-

tracted the scientific community. To systematically study the potential health risk of heavy metals, the in vitro gas-
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trointestinal simulations and animal models have been widely used. However, due to the lack of human intestinal
cells in gastrointestinal simulation methods and species differences between animal models and human, both of
them have their limitations. Given that, the researchers developed an in vifro human intestinal cell model that par-
tially mimics the in vivo human epithelium physiological functions. Based on the human intestinal cell models, the
researchers could better investigate the bioavailability, intestinal absorption and transport of heavy metals. Besides,
their related molecular mechanisms of intestinal absorption and toxicity can also be figured out via these new mod-
els combining with molecular biology techniques and interdisciplinary research methods. Collectively, this review
systematically summarizes the structure and function of human intestinal epithelium, the intestinal absorption and
transport mechanisms of heavy metals, the development process of intestinal cell models and their applications and
limitations. In addition, the validation and optimization methods of intestinal cell models were analyzed. Further-

more, the state-of-the-art 3D intestinal cell models technology like the intestinal microfluidic culture system (Gut-

on-a-chip) and intestinal organoids were also be introduced and prospected in this review.

Keywords: heavy metals; 3D intestinal cell model; bioavailability; co-culture model; toxicity
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SR A DA A AU DA 25 2, S Je el ST i T
BRI YEE AR, UE T 20 b ESE
ARG PR AR, SRT , BOR B 2 A R W 1558
BT R S TR B £ R XU DA 5 I RE
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1 ANEKBFE R RS 5 8 ( The structure and
function of human intestinal epithelium )
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Fig. 1 The structural pattern of small intestinal epithelium
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A EH BKIE B As(GS), & &%), Shukalek %57 5%
KB Z 2yt 25 85 A (multidrug resistance-associated
protein)MRP1 #1 MRP2 11 53 ¥ As(GS), B & W%
iz 2,

2 ETHEARBMKINMES (In viro models
based on intestinal cells)

A A AR A R R i i R
BEPERSON S LR BB (N OB 2 i H
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Table 1 Transporters for transporting heavy metals in human intestinal epithelial cells
s MIEE AR HHBYIEE 275 Sk
Transporters Transporting heavy metals Functions of transporter References
CTRI Cu.Fe N Influx 8-9]
TfRs Mn .Cr.Fe iz &R S E AR AW Transport metal-Tf complex [9-10]
DMTI Cd .Pb Mn Fe A4 JE B T T Divalent metal ion influx [11-12]
ATPase7A/B Cu SME Efflux [13]
ZIPs Cd.Zn Mn N Influx [11]
AIEMREBE N iz &R SEEREEY
S Cd . As S [11, 14]
Amino acid transporter Transport of metal-amino acid complex
iz Cd SHILHE TEEY
OCTs cd B [11]
Transport Cd-organic cation complex
¥z Cd M Hg SANETEEY
OATs Cd Hg o [11, 15]
Transport Cd/Hg-organic anion complex
B FHmEE ZM AR E TN, PO RSN
Pb.Cd.Fe .Mn.Zn [11]
Ca®" channels Divalent metal ion infulx and Pb** export
Ca-ATPase Pb AMHE Efflux 9]
GLUTs As A Influx (14, 16]
AQPs As N Influx [14, 16]
MRPs As Hg SMHE Efflux [14-16]
OATPs As A Influx [14]
LAT Hg N Influx [15]




44 1

AT F R AR A R IR B R A T I M 2 A R 61

FikiE, DA B8 B AR AR T 2 B Al
AR, Caco-2 HT29 HI T84 £ 2 ¥ T4
VAL ZBiERA ] SR S B S E R IR SRS s 2 S VA B
IHIAE AR

2.1.1 Caco-2 4l 71
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Caco-2 4 A5 Y 3 F T 245 47 ot v i J 4
J& AL W SO R KO B AL AR 2O R
HARTH 2, BIXHY BT A T RS ME I LS | 22 nhih
PSSR A AL M AT IR G BC b, i Lk
B AEAF TR 8 IR 55 0E R BOR 5 F o
A Caco-2 4 A5 AU (%) B s 34 7 7% 38 523, Lee
Fl Lee™ X i V5 Ye R oK EA TR SMEEALTH 1k, 456 Ca-
co-2 BEARUFLIZ TSI e B, R A v i) e A= 0 A Rk
TE 16% ~38% Z [8], PTG B FH AR KA R (Y i 22 =
KU $ AL B 25 B, 1 Fujishiro 26 F FH] Caco-2 £
BIRESER% 12 3 1 DMTI1 Rl ZIP14 1646 WO e iz i
P IIER , 2 — 2 B TR TR I s 1
FHLEE,

B RS 2 Y I &R W AE A ST RE S
FrEA—E R IR Caco-2 A5 T] 4 FH T & 4l Al i
VEREAIS 4 Jm 2R 88 AU () T 1 . Lee 6P HIFSY kR
G R S A A AT (31 % )i TRER (21%),
FFE 25 L AT Rty e [X Jag: R A 2 o XU B 4 AL}
FHEETE S, HAM, Caco-2 MRS IA K& #1 — b &
A AN IR e R AR 4 I () A A 2k . Fu Al Cui™!
FESZTG YL /N 2R R AR SMBE UL Ak b 72 v 23 ) 5
FeCl, .CaCl, ISR, & Caco-2 Bl §%iz 5 A& #1 3
FRAS IR X2 RE R AR AR RN 0 A= 0 A st . Aok,
TS ABFSY , — L) 50 B 4 MRS A A SR A
VEVE Rt bl bl 2 4 1 [R] B, Caco-2 158U
BT 5 5 4 2 58 6 A AE 37 W o W )
W), ik H X — S o s AR 2D

A1, Caco-2 MR R 1t T 4 J& ) i i
LRI, I R R e R M R I L R A
JH 3 M W A o Y G B, B 4 2R B P RE IR
SEI i OERE Y C R T W ) G S e e ]
G, A AN F Y B ) i AN, Luo
SEUIFIH Caco-2 15570 e 06 2 5 5 304N L 5% % 3
B DR R, X R TR AR R 2
MIASRE A E A B8R s 5 30W b BB A
VFZ 8 4R e B4 B A 422155 AR ™ AR 05 1 4, 1
S R R S B B A B R AT,
Sutherland Z5P06f Caco-2 #AIFR5R T2 A E 4R/ T5
) £ AT WG B O TR, & B SR ) L AL T
(SOD)Fllid & Ak Sl (CAT) S5 bt S AL Tl 7% PR 9k 3T
Caco-2 i s % A= AL U N

Caco-2 BB AFTEVF 2 ] IR M. Caco-2 4t ffl
SR B TR T AL AR 3G 0, e A6 S o vk 72
EEG , A T/ Caco-2 4R B, HRTE M
Caco-2 4l R Hh 4355 va 7Y | 4 Caco-2/TC-7 . Ca-
co-2/15 il Caco-2/AQ %5, H:t Caco-2/TC-7 i fifd
PRE T 2578 Caco-2 WYTIREHFAE , {H 431k 2 B 5T P
HE A —FaeEl, MET ANEEiE, Caco-2 1
R = R TR R & W38 b B B e ) 22
R AT, MR Z , BF5E R Caco-2 415
77 FEVR A B T A (U HT29) 2k 8% 3% (co-culture) Y
7 ST i 4R AR RS Ak Caco-2 4 it 36
FATE R AR 1K P-HE A 11 (P-gp) FIMIG R 3 A5 1l A foke
K, ALt Caco-2 R Ty BB AT et
2.1.2 HT29 it

HT29 4 AR I A NS5 o, HT29 20 A i
[R)RE A T AR A R A Zm B AL g i o . ATl T
Caco-2 4fitd, HT29 4 i) 3t A2 A A FEATHY, 1M
Je B AR IR R IR B 1, HT29 40 i & BiiA ok 2
— P Z BB R A R | MR PG S F2 55 A B AN R] 248 R
SUARFBEEN ) e — @ K g 5T (1 an
2R BRI 3% 5 9% 55 11F) , HT29 41 e 25 Ak S ARtk
AMRE , A I FR R B I . Lecoeur 4552k H
HT29 4 i 57 1 B FR A0 O B4 B 06 3 i
Nramp2 ¥z 8 FIEA N b R4, JT-UERH T 48 7E 40
JL oA B AR R A R A A Y e A A O

R HT29 SEAS 20 M LLAN 550 A% I 5 e 24 i
R HT29-MTX, Hi# i HH 24 85 #% (methotrexate,
MTX)%f HT29 4047 25 W po bk o ik k4500 . 5
HT29 40 59 A [A], HT29-MTX 4 i fig % A & 431k
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2.1.3 T84 4l
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JZ ARG R R D A TR A0 s 0 1
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2.2 B IR SR A
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Sk 5ThRe, Kk, AFFEE A 1L AT LUR AR R
T AN A 45 A0 e 35 5 B R A R Ay i T
AR 1) i 38 ARSI T ) B A e R AR
ZJEAE Caco-2 BLAEIIERE 1 & JEAL K A, JLRG 7245
RIBCA T 2 R 2 Fh LA A0, AH T 40 i 2R 5
PR FCRE B A b SO 2 I i b R 254
2.2.1 Caco-2/HT29 4t F kAl

FENIIE LRz rh, o WA VR A AR R 40 e o 1 T

10% ~25% , Bhil 2 N\ 18 5 I 14 3 B 21 ) 4, ke
N AN FE Y B M AVE R . Caco-2 157 g
ZOUERRINRE ST, OB B B2 X — Gk
R AT DL 1L 75T, Caco-2/HT29 4 ffg g F A i ke v
I, 7E AR TR Caco-2 20 M £ 141 5 i T RE AR Ry i
Wt B 40 AR, T HT29 240 AR A A 1 280 T 1 A R 4
Jitl, AR FEAR R ST S AR rf HT29 200 i 1) #1R 20
JRORE Ak T B B A R BB IR A, X R B PR A
WA N BB 38 5 AT S i Y R b S P
TP 2 S HT29-MTX 40 it J T Caco-2/HT29
T MR A 2 . Caco-2/HT29 51U 7 fizg Jis ) 78
T 60002 38 B k2 M A R i 4 1Y
HEEBEE, 7A, BZ W RE R W SNIR 4 5T B e
R E R AP Vazquez ZEPY 3T Caco-2/HT29-
MTX BRI 5 He™ il JE5R 1Y s, 45 L e Wl 4t
KRR He™ A 3L 0K 1 55 12 A8 155 T Caco-2
PR X — B RRE He A SRR B R B AE T
HwET,

TEGRBE I RE |, Caco-2/HT29 45 751 5% 25 14 432 1
AB NN Caco-2 A1 (R 5 A A& 38 52 Frofes 10 B
AT X ATAS A0 0 5% [ i A A 3 3l Y,
Ah, KTz A5 &, Caco-2/HT29 BRIk
T4 Jm iz 1 DMTI R 58 T Caco-2 B
HT29 4 B 15 F2 AR  H i Caco-2/HT29 7l
TE 4 @ 0 A= W0 R E RIS O T L 25 Ly
LRSS Wi B Caco-2/HT29 #E B Fl Caco-2 H5 KU A
RTEARKFHEO ALY AR, KB Caco-2/
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{EL R i2% 20 M AR TR %) 8 7 A7 AE — S 5, e 8 57
AT R R A 2 o 0B P A K AN — B
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() 7 T FR )
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W UL B4 i 20 B A AN R L R g, A 2
WG A0 M2 T8 b K i 5 R A SR g
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#HENT T 1%, Susewind SFFIKE 2 Bl A i 1% SR AE [R]— BE
R A A BT NER A 3 wm fL
12 Transwell 57, Caco-2/% 555 4 i 3 557 75 18] B 4
TS5 s e L R iE s,

Caco-2/ 5 4 ML B Y H /i 2 FH 40 K B0k 5
PE A 0 6 W T R RE ) 52 ) RN 4R i T S £ A
R FEE A R USRI R b AR LA B
ST I 5 SR T G ASE 70 i 4 T 3 Tk A R DA 5T
Kiampfer™ # 37 T Caco-2/THP-1 FL 55 F# R 55 4
AL A (CuO) 9 K i ki (nanoparticles, NPs)XJ 1718 98 iE
S AN 35 PR B F2 R . Calatayud 259 4R 18 T Jo AL
=M 2 FA L= i MMA(ID A1 DMA (T 7%
Caco-2/PBMC b5 FE AR 7 rf 5 £ R 5E VE FH , I 45 0
SRR LMY R AE I F TNF-a [ IL-6 1 IL-8 K
EE IS

TEAF Caco-2/% 12 41 M A5 AU v | Caco-2/Raji B
PR AN RRRR I — B, R RAE , R IR T U e R
) Raji B 40 RENS %S Caco-2 4HAEAME S M 4 iy
FAE A NRSEBR B M 41 38 i 7 i s
{14 PNV RN S JEC A A Bk A FH 5 W L e i 22
W e H WOk 9 i 1 5% 32 ), FIH Caco-2/Raji
B A Ude ZE¥9FAl T CuO NPs Al CuSO, X il
R B B RN JRAE R T4 WA BRI, % B CuO NPs FlI
CuSO, 55 W4 5 MK - AH L, 455 Caco-2/HT29-
MTX #H1 f %5F e 5256 % R, Caco-2/Raji B 5% 1 X}
CuO NPs 1 CuSO, Ay IZRCR T =y, HLXT W A9 #
PETE g iU, AT, Huang 259 JE4T T + 4 J8 50
AWML S LRI 9, S8 A B0 R A T 0 A 4 1T
HJ5>99.9% By &A= T UIE , B T RiA% 200 ~ 600
nm FYURE , Caco-2 #E A Fll Caco-2/Raji B 15 Y [y 5%
B s M AN 2 B R R URL Y 2 BR AR
XARFH] Caco-2/Raji B FEAYAE () 4 & M H 4 K i
WL rE MR 58 KU T oY B — e i oy R
WL AR IR ZA0 T ZhBOM L B A i VE
2.2.3  Caco-2/HT29/Raji B 4l i H: 5% 55 45 51

LEA T IR AR R el A, — BB RIS R
Caco-2/HT29 & %I Fl Caco-2/Raji B #AIZE S T &
TR Z A T L) Caco-2/HT29/Raji B 4

Jif = EE LR SR A SRR 2 R A A A Y
SFAE RS IR (4T 0, DISR 78 B2 K OF b 3R
FE MR G b 2 (] 2(c)). 25T Caco-2/4 5%
YA | Caco-2/HT29/Raji B Z g 4% 745540 H Rif
WL W F 48 AR B HL 2= [ WF5E . Sohal S5™ & 57
Caco-2/HT29/Raji B 35 5245 AL LIBF 5% Fe,O, NPs
1 ZnO NPs X} I#i I J (520, & B ZnO NPs (17
PR, WA, IZFF0A R T 5 Caco-2 BRI 5K
¥ % B Caco-2/HT29/Raji B HRIZENFFT 4 @ NPs Btk
D5 T EA B WA BAR DG, LT Caco-2 B,
HAMNE BRI B R OR B I 5 & R AW
BRSNS & TRABFSE T 90K BUks 2 5% %t
TE W 4 R T 2R B FR T E W5, Mahler 555
XF LG T o T8 A AR AL 5 Bl S e i A5 R IESE T
Caco-2/HT29/Raji B HERITE 43 J& A= W) A S0k F g ok
BEPESS SUBFSE 5 T TS T SR I PR A
()77 N = AR AL R 57 T SRR SR AR, oA
T RIRCAGIAAIURL 5 55 19 1 T ASE AU X4k 1 iz e
Elitaa DA RN KR 15 i L e iz, ke B A i
BERIXS KRIAE(>200 nm) SRR C M 0RE (1) 612 J2& 5
FEREMYLTFE , Raji B 4HAR5 T 4010 M 20 L 726 ORE
R i R EZAEH /AR LR R L
Y KITORE I BEAS 1458 7 1 20 R T i 555
S Caco-2/HT29/Raji B = 4 it B fr # 4 )@
FHOCSTIR A 5 b A 0 (A AT A DA 2, FLAE
Ho At AT O AF 55 vE A2 0 X 4 IR A S i L S %
Wil Bl S0 % AR A5 ) i RSB0 1 R 1 &
J& |3 — 5 EL A B S ) 41 B AR AR 7 4 4
HA T [ A N FH A
2.2.4  Caco-2 4 if /5040 Bl 55 J 2 He g SR A A
HEEEAMIE B WS 2 AN I A
7N =2 2 Briy IR ES R et E A EIE I DO BN b ¥ (8
FH, BHBE, A 5T 380 K M T8 20 i 5 AS TR) #8%  R TR 1) 4
LR ST T Caco-2/40 4 g 43 )2 3L 85 F B AL (-] 2
(d)), LAATRI 1547 5 4 i i AR A RhE S AR W ek
WEFT , I 5 4 T 40 i 25 M S 550 A= 0 At e AL AT
FERRME—FP ELAT W I A T B ULy 3
HIRR R AT Caco-2/HF 4 , Caco-2/1ML % 41 L Al Ca-
co-2/AH 2L M4 | X S LB SRR R B P IE I B A 2K
RIS E RGERIIRE, DL SO ) 4 B o U5 40 i = [ £
FHEAER , FFRE02 FH LLAG I £k 27 4 o (%) W WAL 3 A
AL R
Caco-2//iF 4 ff e 15 FR AL AR — 2R B Y 1) Caco-
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/AL AS ERIAY A M 5 | A RE A (i A5E BY A BF 5T
TE W Bt 3 R P 280 1 [RD S 5 T i 4 /T 248
AHE AR 2R R E A 7% Ak 9152 Scheers
GPUAE Caco-2 4 155 7Y 1 JE IR M ALK KE 3% T
HepG2 4T, & 37 11 Caco-2/HepG2 #5175 [v] st F
T i T X R VR AT 2 A R T 240 B - W ) R 2R
(hepeidin) X Ji7 38 2k W W e iz iR R, Rk
B, TERR I 1 18 WS Jz ok #2 h | Hep G2 4 3 2
IR R 5 Caco-2 4 M r= A= A1 H./E H , Caco-2/
HepG2 AL FRBEAIIE NN T Caco-2 41 i 1 AY EL
K, 3B R BIFE B 5% v 75 25 1 JH e T g 1 2k
W W iz 1 8 5 VE . e 4b, Sutherland 252 R
Caco-2/iF HepaRG 4 ffd 155 F R PEAL T A 3B 40
JHS IR 200 L Xk Z2 o LTS e ) e 4 e 15 e i £
FNEE G B BT S8 AL BN A 3 o B 5 2
SRR ) L B8 98 3, Caco-2/HepaRG 3 8% 7 45
ARTRE S T E SR E AT R R sE , X Fb
HeBE SR AR5 H 4 a8 SCH A 5 Y it A fdt iR
J7 T P SZ R 0 A EE B PR Oh T I 2 AR 0 1 BR A 2
B, TTAME Y

i LR A — BB 5E 3 ST T Caco-2/IL45
PN B2 240 L (U EA hy926 4 if) 532 L 15 SRR T
TIF 5 B b T P B A X 9 R 0 AL I A7 90 % Jre 1)
MR SR E AN T Caco-2/#H 2 41 it (U
PC12 4iiff) 53 )2 e IG 728588 LA 92 I b B i 5
Jo b 2 4 2 [a] R AH BAVE L, 40 Satsu 555 5T Ca-
c0-2/PC12 Zffl He K5 FRBIAR & B Caco-2 4 AL & H%,
SRR 2 A K TR A A i A 28 PC12 4 i 431k
R AR SRR AL AR, IO Pl 25 20 e 2% 43 S R AR
1, BARIX SRR B FTY Y 32 2 & SR
AL ke, (R AT DU ) 246 E 4B AE N
M75 G g |, A0 Caco-2/1fL 45 N 1z 241 it A5 754
AT 5% 5 4 i A 4 M 2 RSO 5 R 1 AR E R
OO LA 2 B8 1 5], Caco-2/4ft 28 4 JifL 452 764
AT VP EE 4w S X A ™ A e e B

g 240 i 35 AR R B U3 AN T 1 4 LSS
FE—ERERE B e T A B R PR (H LB R A A
Z MM S BB EAER AN RESE 4 T EE A 4L,
—SIRE SR IR 20 AR A S LS A AR A
W25 (HIC AN I R R B o 4 s
7 18 440 L 2 WS 5 a RN i P BIL R A A R TR (GR 2).
T I S I LS A LIRS B i A B AR A A
T ANM s B MG S HOR M X 3D

Al 1 A A B SR 13 5 1]

3 PAREE B AR5 Th sE 1L 15 IR A L B 32 ( Optimi-
zation of functional culture of intestinal cell model
in vitro)

H T T A R A — R AR R 21 d 1Y
i LASE AN 0 0 A R B i B B SR
[F1] 27 el A 52 380§ A= 0 ¥ e i S 3 S 6 2R e, PRt
VFZWIFIEE 221X 4 10 18 200 A ASE AL At 57 e 5 ]

A PR S 3 A A Y A AR A R B A B
o3 T, Th I AN E PV 1] Caco-2 41 M Bs 35 5L iR m
A PR B IR LR , 5 A 5 e 7 14 I ) 45 S h 9
d. ANEANEET (ECM) 2 1 iE b K 40 i i) 3 2 A
BEnsy, b & A B A K 7 AW 0y 1, Li
SEPIE 1A 38 4 ECM (1) 772X, # Caco-2 4
MR T/ N R T 2K BEE 2 b I 7 d B
HEV7. Caco-2 AHARALAY | [ I ECM )2 M 18 241 it
B 3D iy —Fh 22k, BeAh, — L2 E Y i et
et Caco-2 4 A4 A 5 Ak, {91 T e 4 Jf 5 o i
HAS AR AL 3 A7 S0 TR, 11 d NSRS

A PR N7 1 R R A A A ST BT N
[A] , Yl /b S8 AR | B H R X £ Caco-2 e 2 7 A5
RURY S FEATY AR, A AF Y & 3 ik PR Jy vk i ar
1) Caco-2 A58 20 AMHEER 1 RaR 80, 52 T 4)
Ry | e is

4 7 iE 4 B AR B B 58 IE iF Y 75 % ( Validation
methods of intestinal cell model)

S0 IE i 3 20 A5 R R R S A T B AR A
(S REME S AR RENE RO i 1B D REHEA T A I 4
Jifd )2 Y 15 %, BH (B (transepithelial electrical resistance,
TEER )& 40 UER AL 58 8k di 0y (6] B S AT 7 vk o Bl
EHA ARG DL R B R sk, 2 LI
LA W B 20 e P, TEER AT 42 55
Wiz P TR, BEL{SCAG: DU A Y 1% TEER BV AT PR A 56
MRS R SE R P, T8 R 40 A) 55 % % M e
SR, DUASAUA AL TEER (B 08 . 7E— WU b b 8
& IR A YA R RIS b W B TR AT e i S
HX AR AT S0 IE , 4601 ] TEER B ik %] 520 ~ 610
Q-em’ B TREASHMEN 250 Q-em™ HAHM, 4
Ji ) S5 % 1 4 B I A S B iR AR s i, 4
I3 F(ANFOEEE FITC A ic iy ) 58 W8 A H o8 B4 ) il
I A M5 B R AR S LS T L e e R Ok Y 2
[F) B2 % i eV R B iR Y S8 R B = N IO
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Caco-2Z/fl  HT2941/f1  MAHL
Caco-2 cells  HT29 cells

J M AP
Apical side

JEJEMIBL

Basolateral side

OO PS

o
Raji BANE  FE 0 20y

Mcells  Raji Bceells Target cell

© (d)
oo*o‘o‘oos ® © © © © © © © o o
o

o © o ©O

o O
o o o O

2 FEARERTEE
1 : (a) Transwell /N2 ;(b) Caco-2 B FRH7 ; (c) Caco-2/HT29/Raji B ZH A5 ; (d) Caco-2/T5 M 20 AuASE L
Fig. 2 Illustration of intestinal cell models
Note: (a) Transwell chamber; (b) Caco-2 cell model; (c) Caco-2/HT29/Raji B cell model; (d) Caco-2/target cell model.

el DL 3 A5 B — 04 0 BB A% 90 TIE AR AR ) 58 2
PE, BN, Ly 250858 A 2 6 15 i % 2 ok SR
RIS | BT s BT A B E R B
FE S e T AR ) S

o TR IR 0 3 A A A A 56 E B VLAY T
S FH LT S A s T A LR i A0 T
A, —IFGT R Y 7 e 22 LI M/ = B
B 2L E AR E e s ) R T
SHHF BB AR, USRI At 2 75 BN AL, 40
V) ) 5 2 3 e AR 40 L A0 %) R AR 5 I i,
DL A0 R 53 A AR TR BRI DA 38 1T L
T B s 41 i Ak 27 B R (immunocytochemistry ) X A [A]
21 it 1) A S P A AR ARG, 2 Caco-2 4 1Y
P-WH2E 1 (P-gp) HT29-MTX 1Y Zh ¥ & 11 (MUC) %%,
Mahler 2P B0HIE Caco-2/HT29/Raji B #4 H #1 M
AR S b, 3 AR S AR B P SR B ER 1 B1 F Sia-
lyl Lewis A antigen #F47 T S 5L 4, H I UE
RIS 4 B0 M ORE Ak, BeAh, R T
AR Y i T e 12 DI B, W G 2 R A R TE PR AT
AT, Gt FHASE A4 B AN B[] P X b 755 2 (digoxin) (1) 5%
BEUE P-gp BYFE G PECT, H 5(6)-R 32,7 -
AN E (CDCF) K 22 2 ifis 24 #H 56 35 1 (MRP2/
3/5) kB TG PEC A

5 RBE.BEMABREIA 3D 12X ( Prospects:
3D modeling of intestinal cell model)

Jin 1 AR MU LA Sy Sl MRS R B A, e

7 8 WU PEAS 5 3 ML B 5 0 T B AR
I (LY 2D fizp 18 240 M S s SR AR R SR F 2
PR 2D S35 SRR JE 3 3D il 2
A BRI E AR O A9 8] T —E A H A
TS i A FURH S R 4 A 5 o O AT A
Z TAEEUS, BT, K28 iE 4 AT 5R UL 2D
A, 4 2D BRI A7 R R (L4 T —
Tl Eb 3l 0 S 56 B 2 5% R A ) e 5, HLS o 4 i 4
W R A& B B, U TR B LR 4
W, ARk BRARSETE B 4 Jm A 5T AR & 4 LN A Y
YEH . A AR T DAan s i miE e as s
SRR 3D i 18 A A AR AY A 35 O e Y A B G
P55 2Rt 2 il - 4 R B AR ) R AP e T R
AR e LB AL BT AR A A AILIE  (H B A T
H i 757 B B FE BAS R AR MERE
5.1 WmiEESGE

FH T 30 4 I ASE AR it SR FH 1) 7K A= B 240 i 3R
rh (553 B A% O AR A T R | Bh R 5
NIKSEBR B AEAE RN 22 5 . O T SR G- F R i
R 2t IR RN b R A R R T
7oL 8 3% 5 2 B8 T 41 I (pluripotent stem cells,
PSCs) i 14 ffd(embryonic stem cells, ESCs)F1%
41 Jifd (intestinal stem cells, ISCs)JF K& T AW
TEZSEYE (intestinal organoids, X X mini-gut)®™ 7&
AR C N R B LR AL KRB 1 B 5
i b, A AT AFE N T ECM L5 5 7= 2 b
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HEAEWGER =E M 251, T 20 i s 5 4 ke
I iE b R A (LA T A B b B AR
PRRANNE 6 LS AN AN A 23 i i) (1 3), RES S8
MKW TE W N 128 5 R 53 WA 55 22 b D R

AT 2 1% S IR AN ], Ji73 18 2K 4% B 434 HIOs
(human intestinal organoids) fil HIEs(human intestinal
enteroids)2 FPEAY 22T 4 Afw SV I 1 20 A R U5
1Y HIOs BB b B2 i vl ge BA 6] 51, 5 #4 KL
200 L ) SR R 00 5 R 1) v A, H TR 18 AR
PR B B T 5T o W80, HIEs 2 M s
ML T A0 K B TR B I E 2R A BB IS K
AR bR 0 A BERREAZ RAAES . SR1T, 7E ECM
e IR I 26 4 B 2 B P R4S T A A [ TR
SEBRBFGE FPARME AT i T 4 ) 2 R BB AR
Ry T SSRGS A E B SR A B B
PR T ECM A9 HIEs #4541 2 - #e ol Transwell
HE T AT SR A ST i b e R g o)

AR T AR R A S YR i 2 A B R
FWe T NAKN T8 T Bz 0 200 B S oM | AL O 2K
AL T — AN A = AR A OGRS 5 XA
V-5 b 4 S gk iR KU BIESE TR TR L, (HANT]

TINIYIE W IE 38 B () BOM A A6 (e 3R R Ik oh
A R AT B BB A5  TE S A B AR LA
PRI A R S (]
5.2 “fpiEs A

#%'H 0 A (Organ-on-a-Chip) J& — FR iU #5240 fifd
BRI RIG RS I OGS DI RE R IOA SR
RS B A D) Re AL T 5 — PR . B
TEEE T IR AL .08 B py il 5 vk (DG 2045
B ARG R A A R i S 0 I R A
MU &8 B A& 4), B AT WA R
A AR 1 2 B A RS- £, 40 Transwell /N2, T &
BIIEFRORFR E 0  AEARSE BRI B T
TE b R R AZ 36 T T TN T 1 U 30 RN B U g B AR
Mo BT, MR B S X I iE S R
(Gut-on-a-Chip) 4% 1 & I N FH T i 18 A= B2 FUR
HAERF ST

LA WF 5% A A T 3 T IR O R b
(polydimethylsiloxane, PDMS ) 1% i+ Fl il 1 £ 7 18 ik
T PR RO A 0 e 3R e i 8 A i it
SR U AR R S T R S W AR Bein S it
1B, 7F Caco-2 2 Jitd FI1 iz 18 A YR A JHCAth L Jiz 448 i vy

RN

%g Q PSCs/ESCs
- é z ~ (=)
21t A D5 Jakses & =
Origin of cells %lntestinal crypt P
I3l F I g > AL T om AR
Separation l Inducing differentiation l Inducing differentiation
& < =3 &)
& = = 5
DR © & © )
3D model '\\/ ’S
CArRS CATANS
o o o 1 ~»<\>
e [ AR 4 is
2D model
1 "ﬁ
8
77511V A 1 711 Y 7 e W A Y W 43 I A I
Enterocytes  Goblet cell ISCs Paneth cell Enteroendocrine cells

B3 ABEXIFER 2 FEX (HIEs 71 HIOs)
TE:PSCs NZ He T 4l ; ESCs R T 41 ; ISCs ol T4
Fig. 3 Illustration of two forms for human gut organoids (HIEs and HIOs)

Note: PSCs means pluripotent stem cells; ESCs means embryonic stem cells; ISCs means intestinal stem cells.
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(a)

O

Vacuum

chamber

s il
Vacuum
controller

0 10

Cell channel

(b)

bilayer

Basolateral side

S

B4 RE@RmREsR
VE (@) PO S0 (o) RO 5 1 T

Fig. 4

Illustration of intestinal cell microfluidic chip

[69,71]

Note: (a) Microfluidic chip; (b) Section view of microfluidic chip.

AR R B P T e i s 00 0 I 0 ) 3 4K 78
Ui, BERE A0 MR RE U SR B R, SR AR K
o L R EROK T i B S E D RE R R
(EUR Tk oI w0/ S A R 41781 P B e
5O B45H , Shin FF 145G A YR IR i iE 26 4
PR T B 2R A8 B - A S Y ARk g 1E
SRR TR e Mg A0 B i, IF 5 e AR
T AN ) 2 B RO 5 08 e i 5 e S g T - I
T B2 B -2 A% S T LR, A - B
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