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Abstract: The Caco-2 cell model can be used to predict nutrient asorption in various ways, and it has been widely applied to the early
rapid screening process of nutritional product development. Although it usually takes 21 days to establish a conventional Caco-2 monolayer
model, an accelerated Caco-2 monolayer culture system was developed in this study to shorten the experimental period and reduce costs. Caco-2
cells were cultured by adding growth factors to the standard-medium, and the model integrity was evaluated by its transepithelial electrical
resistance (TEER) values, permeability of hydrophilic. markers, expression of key protein genes, morphological characteristics of the cell
membrane, etc. The results showed that the Caco-2 model obtained by the accelerated nine-day method had a TEER value of more than 220

? and an goparent partition coefficient (P,y,) value of leakage marker Lucifer yellow of (0.39 = 0.15 ) x 10°® cm/s. The apicd

Q-cm
(AP)/basolateral (BL) alkaline phosphatase activity ratio was 5.481 405304, showing obvious polar differentiation of the cell monolayer. A
quantitative real-time poly merase chain reaction (gRT-PCR) was used to measure the mRNA expression of the key proteins (P-gp and MRP2) in
the cell monolay er,.and no significant difference was found between the accelerated method andthe standard culture method. Usingthis method,
a complete Caco-2 cell model can be established in only nine days, providing a viable alternative to the conventional Caco-2 monolay er model.
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1.1.1 Caco-2 Zm e IR

Caco-2 21 3 [E s MO8+ CAmerican
Type Culture Collection, ATCC) Ul 23 1%, sLg6+H
15 FH B4 AR 25 35~45.
1.1.2 XA

i 5772 DMEM (Dulbecco’s modified Eagle
medium) ,AE TR FLEER (nonessential amino acids,
NEAA). 0.25%f:5 (Il§-EDTA. 55 #-HwH R o
i (10000 UmL H% 3%, 10 mg/mL # &) WH %
Hyclone 24 &) ; L- V2 Ml Al ' 2 I 1 261 Sigma
AFs JRAEIYE (FBS) W HMAFIE Gibco AF];
Trizol W77 & 6T 25 | Invitrogen 2 &) 5 Bl Pk TR %
P EIAT B AT, CCK-8 3R &l Tt st E
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1.1.3 XE
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ST H A Olympus A #]; 5415D & 2N B O
MU B7EE Eppendorf A% ; MERS2000 %4 Millicell
FLBELASOI T35 [F Milicell 24 %] ; M200 £ Zh el b
THi -+ Tecan AF]; H-7650 15 H1 T S0 5 H 4
Hitachi A w]; HVE-50 /= & K E AT HA Hirayma
A
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37 THEFAATIEAL 5 min, 3% 12 HEATAMAE AR,
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96 FUHR M ETR (100 uLAL, 5 ANFAT),
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Tl 1k R 2 — PP ISR, 7E3F 5d. 9d. 13d.
17 dv 21d, 7E AP {5 BL {43 A HC B FR 0L P 55
R (n=3) {ERFEN, ARG8T ALP/AKP 55F Gfs
DT AKP (96 77
1.25 Caco-2 e &3 Sl i ke
Ti#4 HBSS (0.4 g/L KCI. 60 mg/L KH,PO,. 8 g/L
NaCl. 60 mg/L Na,HPO,. 0.35 g/L NaHCO;. 1 g/L.D-
#i%HE and 2.38 g/L HEPES, 75 pH 7.2) V&R 3
37°C, MCETCH I S ng/mL ARG de. 155
TP K MPBEEFEERKGE, W84 MRER, 7%

BN ATi# HBSS i 1.5 mL. f£37°C, 5% CO, &
15~20 min ZJ5 32 HBSS¢ ARG fEEfLbarfLin A
1.2 mL HBSS, ZZ18/E AN HLE A 0.45 mL 577
W, SNERFL0.06mL ORI . KRR E A
37 ‘CIEIRFEAR E5 7% 60 min, M BEL 0.6 mL ¥E5:
FEH BAO 0.6 mL Tii# HBSS. ki 9% 2 h, &6
60 min B —FEe FESCERAE RN, 7E A S B SLH L
0.05 mLAFfIRe FHZE G 6 FEVHINE R 2 i
FEo KDL AxUHERWIBE 250

o, , 1
P =(=%) 3
o=t Cag,)

HF dQfdt & Fnad E|hstiEE (mgs), A RIHENE
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1.2.6 Caco-2 Zmfi s BAZANY K F LA

¥ Caco-2 ZIIEERNTE TranswWell™ 4%, 4351 FH
PR L EESR, PRERETR LR 97 15-21 d, IDASUA I
TR FR AR 9 d, HH IX71 R B 5ROGR I X

H-7650 375 5 H1 2 W S0 2240 Mo ) B 4544 o
1.2.7 = EFREMEERE (QRT-PCR)

S AIEEARER IR 21 d FIPUEREFE 9 d RN
Caco-2 FRZM )2 , {5 s R ER S s Hedh i 2-3 IR,
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Table 1 Primer sequence

Gene Primer sequence
Forward:5’- CCTTCACCCAGGCAATGAT G-3°
Reverse:S’- TGGGCTGCTGATATTTTGGC-3’
Forward:5>- TCAT CCCTCACAAACT GCCT-3’
Reverse:5’- CAGGCTTCCAGAGAACAGGA-3’
Forward: 5’-CACGATGGAGGGGCCG
GACTCATC-3

Reverse: 5’-TAAAGACCTCTATGCCAA
CACAGT-3’

1.28 HIBAIE 5% it 547

B¥E Sei b R SPSS #t: ANOVA il Duncan
NI, T B R AP Y a2 R R, R
IKF- N p<0.05 A 25 2

2 ZBRERR

MDR1

MRP2

f-actin

2.1 FiIFn @t Caco-2 4 i Mk i ol

HALGAE 96 FLB BRI AIAL, WREL N
3x10'5x10" cellmL. §% & 24 h. 1 CCK-8 a7l
€ Caco-2 A iEvE. g5 1 prR.
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10} =2 . ¢
09}
08}
1 1 1 L 1 1
0.7 0 0.1 0.5 1 5 10
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1 cck-8 SEMEA EK BN MM ELR NS Caco-2 HHREANTESE
# ( x£SD, n=5)
Fig.l CCK-8assay of cell viability in Caco-2 cells exposedto

HAFTHH(OD,,,,)

various concentrations of L-ascorbic acid
EHPE L AL, ST BRIR B AE L mg/mL LA Py
A0 P A TR IAE 95% LA b IR FETE 0.5 mg/mL LA
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P B U LR B (et i AR IR, R B v
FIFEAR EEA T, PUIAIM R R A 15 1 i HUR R A
B BN . B 1 AT AR BUR R
0.1 mg/mL B4 fEIE R EES T A A

(p<0.05), 4HHuM A=K 3G N A0A Bl iy, PRI 5E
ARG FRE YU I RR IR FE A 0.1 mg/mLs

2.2 Caco-2 #mf = TransWellTM 1 F 5] A |]

TEER 1{# ty | = 45 &

0B 20 M S T BE (TEER)D W] LA Siefff <2
Caco-2 4 B2 (5e 3o, 440 B fr) bRy B BEL AR T
220 Q-em’ I Ui B 40 B R B e . N G Al
TransWell™ T4 45 19 <1 FH 4 o Fi BELASC ARG 00 5 9%
WA EEFL AL B . I 2 T bR s R4 o A
125 S EELBE ZE T L ) SR 8 15 BH A T il . 5 2 d
JE HLRFF GRS E I N, 26 8 d JRgRigsgn, 25 16 d
JEHEA FEFE AP EFEE 21 d, A
BEAL AR 464 Qem’. PLEil; 75145 9 d I Caco-2 4
if B SR P BEAR A B 443 Qeom®, SibidERS3E 21 K
FITA5 O f e PR TE . 5 2 5, R ARG &
59 d AT I AT R B L AT

6007 _aoyg
—~ 500¢ —*-9d
5 400 - J
] i | 1
= 3000 T |
= 1
200} A
fid
i 100 a

G Il Il 1 1 1

0 2 4 6 8§ 10 12 14 16 18 20 22 24
Kegrniral /d
2 NERIESIEER 12 FL TransWe | | 55 1R M AR BSAR R PE 18
(x*9SD, n=3)
Fig.2 TEER curves of the Caco-2 monolayer in a TransW\ell
12-well plate at different time periods

2.3 FEFEF 7 E Caco-2 4w I ak B e Y

E
Bl AR T A ORI R — 3, 7 Al s A
M2, e S A-= A2 I E e kiR
PR A AL EBEATAE ), MR LRI AT AIE e
T 7T BRI 20] o 4 T ALP/AKP 77 S0 e Bl 1
Wi 7, AR RS % T3 VAAE AN [R] I 18] £ 20 B0 /2=
CAP/BL) il VE W BRI L fEL 45 4 WA 2,
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INIR)MEESR 2 WIS, AR TR P B I /) L
(AP/ BL) BETA] 3G imim Uk 64, 358 21 d i 7
Le2E 5d HhnT 9 f5 /A, LB v 8.90 #0.51, iFAHHH
PERERRIG 1) A A RFR, I AR IS . A
B9t 21 d 5P IR 9 d AHEL, PRsks I7 Caco-2 B4
L= 25 9 d AP Ml AKP V51 i 3 T 55 BL Ul AKP 7%
PERZER 8K, AKP LUAE N 5.88 20.53 ShRiE4LE 21
RUWAETC B2 2R, D IERERREE 1) AR TR
FErm . PR TREE 9 d AL AE LI 4 2 B AL Y
MR
% 2 TRIMIEFR A FTiSHY Caco—2 4HRE 5 B AARz S B
R AER B R ML (B
Table 2 AP/BL alkaline phosphatase activity ratio of Caco-2

monolayers obtained by different culture methods

Y Ratio of AKP (AP/BL)
Standard Short-term
5 1.1240.05° 1.724073
9 2.24.40.38" 5.88 +053°
13 453 +134°
17 6.68 4062
21 8.90 +051°

e LERAT A RN FEELTEE, RREF
R TAEOSRHE AT LERRE.

2.4 R4 Caco-2 4l B 3 K iy

wRE

ME Caco-2 ZHIHLfE ek S g 1 Fer H
TEER {41, i&n] AHIRE 2590V e 5t . H
RN, FVOCTAKIFIN T, A Gk ks
AU BA il i 40 e ia , ] DAIR] S L 24 g
Z ARV A i B, A YRR S e R R bR
EW. fEFRE 21 d J5 R0 Caco-2 FRAHM Z eai i
B Py (cmbs) 4 (0.08740.04) X10°, #ANFLA M
PR RS R Caco-2 LA |, 7E55 9 d B 93
FEIEH) Pap (cmis) 24 (0.3940.15) x10°, Bk ok
D7V IS B B R T AR R 77 1, (He =&
TS SEB FIE 1R 1,000 s, 156 FH I TRk B 4
Ji 2 SEREMEAT G S IR B SR AT T i%is S
2.5 Caco-2 4 B EMA W A% WA

g3 s 7707 1 R4 i, (E4RARESE 5 d
AIEE 7 d BFRT DUE (5] B 58 6 I s Rz i FL B 5%
Caco-2 i 5 R A (B Akt 14 o

WmE 4 Por, EEIERCRE TEE Caco-2
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MM A RARES, TS RE R B4 E KB 5 d
I PR L A R A, A vERS IR 3L 2H Caco-2 24 Mt i
BEAREFRMUR AL, PR AR LA WA B (B4 Vs
W%, PURAMEERKEE T d KRR ITA6 30 AL
RS %, MR NZ LY, LGRS
IRBESE . ARERETREAAE 7 d AOINHB IO T 41
M %, ARSI L E R AR

& -

c d
4 1EFRTIEP Caco—2 HAREE KIS
Fig4 Morphologies of Caco-2 cell monolayers during the
culture process
A BEFOLRMAL, «00; atkikA A KES 5 dRK
A; bARfELAEAKES 5dRE; ok EAKE R TdK
A; dAFRAAELERESR TdRE,

2-5 Caco-2 #BRER EIV B LEAIHHIEE

Fig.5 Ultrastructural features of Caco-2 monolayer

A EARAL, X12,000; e: HRik3FIR 9 d Caco-2 4ufEAE
A f ApfEEES 21d Caco-2 e feAE A
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5L T MR ok 45t (WK 5, EMIF Br
D, WA BRI C Ak RS LR
o FEUEPRER:FRAIM 21 d [1) Caco-2 AUy, E
KR P 15 5% 9 d Caco-2 IS, W2 0 g5 &
FHS I T TSI FORIRZ IR B A5 K, Ul B 4 ek
A 58 AT AHEAT 5 SR iz 52

26 x4E HIEEP-gp 5 MRP2 iy RNA % &
P-gp F1 MRP2 J& Caco-2 4 it J2 5 A 9%

BEAMEER, BN e EE T P-gp AT MRP2 P
i MRNA 2R IE AT DL E AR se Bk

MDRI1

MDR2
P-actin

1.8F
1.6
1.4
1.2+
1.0+
0.8
0.6
04
02}
0.0

P-gp/p-actin (% of standard)

Standard Short-term

a
1.4+

1.2+
L0+
0.8
0.6
041

MRP2/-actin (% of standard)

021

0.0 Standard Short-term

6 NEWEFTTEFTSHI Caco—2 ARE Erh P-gp 5 MRP2 HY
RNA FA1ER ( x+SD, n=3)
Fig.6 Expression levels of P-gp and MRP2 mRNA in Caco-2
monolayers cultured using different protocols
VE:  HARELE b p>0.05.
e bodEE IR 9 d ShRERE IR 20 d Bz &I
N, K qRT-PCR ¥4l P-gp 1 MRP2 ] mRNA %
IBTKF (1 6), PRIR: I--5 bR B IR B R A ) FA0 i
JZH P-gp 55 MRP2 [ 38 /KPR —SOE ] 2 7
Ui PRI ER RT3 Caco-2 HA4fifl)Z —FERE AT
SOE T RO b MG B iE R PR H.
3 it
Caco-2 4 fEi %2 5 T S 0 M IR « B o
O PR R N ER AR b A R, R A
Ve 5/ b BARACL, B RIS 29 g 1A R
R A2 AERIE IE SR G BB Ty T . SR
Caco-2 41 [ 5 JEhR HERS FRI2508 % 752 21 d FRE 775 1]
A RETE UL W8 I I 2 5 BE R S LT B 4 73 A A
JE, THFEINTAIAC o ARSI AT PR TR AR 77
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FOCRMEL. B R WE AR ROREs ), MBS
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