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Establishment and comparison of in vitro blood-brain barrier cell models

SU Yu-wen, XIU Jian-bo, XU Qi”
(State Key Laboratory of Medical Molecular Biology, Department of Molecular Biology and Biochemistry,
Institute of Basic Medical Sciences CAMS, School of Basic Medicine PUMC, Beijing 100005, China)

Abstract: Objective To construct and evaluate the in vitro models of blood-brain barrier ( BBB) and to analyze
their structural and functional characteristics. Methods Human microvascular endothelial cell line ( hCMEC/
D3), Uppsala 87 malignant glioma cell line( US87MG) and human brain vascular pericyte( HBVP) cell line were
used to construct blood-brain barrier cell models. The models were divided into single-culture model, bi-culture
(hCMEC/D3+U87MG or HBVP ) , no-contact co-culture model, semi-contact co-culture and full-contact co-cul-
ture model according to different cell types and cell locations. The permeability and tightness of the models as well
as the expression of related proteins and genes were detected for comparing and analyzing the structural and func-
tional characteristics of different models. Results Compared with the single-culture model and the bi-culture

model, the permeability and compactness of the co-culture model decreased and the expression of BBB-related
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genes and proteins also increased (P <0.05). In the co-culture models, full-contact co-culture model showed

higher compactness( P<0.01) and higher BBB-related protein and gene expression. Semi-contact and full-contact

culture model had lower permeability ( P<0.05). Conclusions

related properties and is more suitable for BBB research.

Full-contact co-culture model has better BBB-
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10*~/mL B USTMG 4B, 55 9% 12 h JFIE &
Transwell , 4k 224l hCMEC/D3, 76 F 2 A 100 wL
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(hCMEC/D3 5 U87MG K HBVP YA #zfh) . 76 fL
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HBVP 40l £ 300 wL, 12 h J5 462 AW &k
2x10*4~/mL{% USTMG 4l il B 300 L, i sy 77
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716 FER PR~ Sl R

Basic and Clinical Medicine

2022.42(5)

Transwell
ceH culture |:> |:>
cell culture

B

functlonal analy51s

TEER-tightness

P-permeability

gPCR

expression analy51s

- Western blot

Human microvascular endothelial cell(hCMEC/D3), Uppsala 87 malignant glioma (U87MG) cell and human pericyte

(HBVP) were used to construct blood-brain barrier cell models; BEC. brain endothelial cell; A. schematic representation

of the blood-brain barrier cell models; B-G. different types of models: B. only human microvascular endothelial cells;

C. bi-cultures (U87+BEC) ; D. bi-cultures (HBVP+BEC) ; E. co-cultures ( no-contact) ; F. co-cultures ( semi-contact ) ;

G. co-cultures ( full-contact)
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Fig 1 Schematic representation of in vitro blood-brain barrier cell models

10*4~/mL ) hCMEC/D3 21 fitd B, 1H I6 40 f 15 77
FiREFR (37 °C 5% CO,) .,
1.2.2 BB RE A0 Y B0 2 2 )5, 4
PRI 3 47 38 375 PR R U SE 56 . Transwell |2 1A
0.5 mg/mLAY FITC-#j 5 05 7% W ( JC Il ¥ | JC My 21
DMEM Bg ) 0.1 mL, F= M A 0.5 mg/mL 1 JG
FITC HRic B3 SRS W (TR IMLTE L TCM 41 DMEM Fii
fi)0.6 mL, & TAIMIEFRMAMET 1 h 5505 N
EE ) b T SRR & T OO 0k
FETFRE I, F A Z B Pd {H, Pd(em/s) =
(C/V) (1/A)x(V/L) (C 2T % FITC-%%W&F*F
¢ ERFIRNAIRE , A R E AL, V 2 N E IR,
= FITC-HRPRE) . lﬁ%%#&%?&?ﬁﬁ#m
TR RN AR ¢ A J V ¥R, B AR
i P=FI/F2(F1- L ERERB PO F2- F SR
JEORIE ) IR A R AR IR AN Y
25 FAXT BRZH Transwell B2 5 P, LA P {E 5
P, (Y HUAE A TSR 4 (198 VR A LUK
1.2.3 BRI . B BHAY EVOM2 1Y STX2 HLI 41
A Transwell 288 /) 2 FF S &M, &I
TCSRAIEZ A FEAA TEER . AR S T4 i ny 2 A
X BB Transwell A9 B8 T, , P45 R] TEER {55
T, FIZE(ER A AR TR A ) S PR LK

Transwell 2

1204 fi B e A DG 35k PRI e e 0« ke 2 1 il 1 £
21 16 S5 WAL AT, 4 Tvizol 5 K S0 43 )2 40 S
PEHURNA, JH cDNA 5% 5l &% RNA 5% s
i ¢DNA J5 #E1T RT-qPCR #:0 (51 W% 1), 4%
FELL 2788 TR A

%1 RT-qPCR #&ilI5| 4
Table 1 Primers for RT-qPCR

gene primer sequence (5'-3")
GAPDH forward; GACAGTCAGCCGCATCTTCT
reverse; TTAAAAGCAGCCCTGGTGAC

PECAM-1 forward: GAAAGCTGTCCCTGATGCCG
reverse; GGAGCAGGGCAGGTTCATAA

GLUT-1 forward; TGGCATCAACGCTGTCTTCT
reverse; CTAGCGCGATGGTCATGAGT

PGP forward;: TTGATGCCGTATTCCTGGGA
reverse; TTTGACCCGCACTTCAGCTA

LRP-1 forward; TCTGCTTCGTGTGCCTATCC

reverse; CAGTCATTGTCATTGTCGCATCT

1.2.5 Ui e A O 2 1 AU - R 28, 11 il v Ak
S WA A L, A R AR . 166 VO fE R EAT
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TEER. trans-epithelial electrical resistance; TO. TEER of the transwell model without cell; P. permeability; PO. the per-

meability of the transwell model without cell; the permeability and tightness of the model were determined by the penetra-
tion rate of FITC-dextran and the TEER value; BEC. brain endothelial cell; A. TEER of different models; “"P<0. 01 com-

pared with no-contact co-culture, *P<0. 01 compared with semi-contact co-culture; B. permeability of different models;

"P<0. 05 compared with semi-contact co-culture, “**P<0.001 compared with no-contact co-culture
B2 FEERRHEZEMNSEEILE

Fig 2 Comparison of compactness and permeability of different models(X+s,n=3)



718 LR EE 2 5 IR

Basic and Clinical Medicine

2022.42(5)

o
1

(=2}
T

e
T

[\=3
T

PECAM-1 expression ratio to GAPDH
=

Aok

LRP1 expression ratio to GAPDH

PGP expression ratio to GAPDH
ro
T

9 & Y
< & <
FISFTFIFTT T S
LA (\X LA ‘§X &O &LO ;Y \QQ
@@‘b <5 SAVCIECA- S
$ N &

EET S

=

GLUT1 expression ratio to GAPDH
.
T

¥R g
"400 %\X "4&‘5)( QQQ o $TY &8
]
5 @ Qé’ o & Q\%é& &

BEC. brain endothelial cell; A. PECAM-1 mRNA expression in different types of models, “P<0.05 compared with no-

contact co-culture; B.P-gp mRNA expression in different types of models, "P<0.05 compared with no-contact co-

culture; C. LRP-1 mRNA expression in different types of models, “P<0.05, ""P<0.01 compared with no-contact co-cul-

ture; D. GLUT1 mRNA expression in different types of models, “*P<0.01 compared with no-contact co-culture, *P<0. 01

compared with semi-contact co-culture
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Fig 3 Comparison of expression of BBB-related genes in different models(x+s,n=3)
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BEC. brain endothelial cell; A. PECAM-1 expression in different types of models, *"P<0.01 compared with semi-contact

co-culture, *P<0. 001 compared with no-contact co-culture; B. LRP-1 expression in different types of models, *P<0. 01

compared with no-contact co-culture; C. GLUTI expression in different types of models, “P<0.05 compared with semi-

contact co-culture; D. P-gp expression in different types of models, ““P<0.01 compared with BEC(only hCMEC/D3)
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Fig 4 Comparison of expression of BBB-related proteins in different models(x+s,n=3)
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