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[ Abstract] Objective Establish immortalized brain microvascular endothelial cells from tree shrews, clarify the
effect of D-galactose on senescence of brain microvascular endothelial cells, and explore the potential mechanisms.
Methods BMECs were transfected with a lentivirus carrying the SV40T gene, and immortalized cells were characterized by
morphological observation, growth curve determination, immunofluorescence, and karyotype after expansion for > 50
passages. Next, BMECs were treated with various concentrations of D-gal, and the optimal concentration was determined by
cell proliferation assays. Senescence was analyzed by staining with senescence-associated B-galactosidase. Expression of
senescence-associated p53 was measured by Western Blot. Intracellular oxidative stress levels were measured by superoxide
dismutase and lipid oxidation assays. Results Immortalized cells grew with consistent morphology throughout passages.
Single cells were shaped as short spindles or polygonal with a typical paving stone shape. The cell growth curve showed cells
were in the logarithmic growth phase on days 2 ~ 5. Cell growth peaked at day 6 and then the cells grew slowly to a plateau.
High levels of tree shrew vWF, CD31, and SV40T were detected by immunofluorescence. Karyotyping showed that the
number of chromosomes in immortalized cells matched the number of chromosomes in tree shrew ( Tupaia belangeri
chinensises ) . D-galactose reduced BMEC proliferation in time- and dose-dependent manners. In the experimental group, i.e.
BMECs treated by D-gal at a concentration of 10 g/L for 48 h, positive B-galactosidase staining was significantly increased,
p53 was significantly increased, intracellular SOD activity was reduced, and MDA content was increased. Conclusions A
tree shrew immortalized brain microvascular endothelial cell line was established successfully. The optimal concentration to
establish an immortalized BMEC senescence model was 10 g/L D-gal. The mechanism by which D-gal promotes cellular
senescence in viiro may be mediated through promotion of oxidative stress and inhibition of cell proliferation.

tree shrew; brain microvascular endothelial cells; immortalization; D-galactose; senescence model
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Figure 1 BMECs of Chinese tree shrew in different generations



o [ S2I B A 2023 4F 3 H 45 31 55 3 8] Acta Lab Anim Sci Sin, March 2023, Vol. 31, No. 3 341

BAMAEE(1:109)

Total cell count(1x10°)

O'CIIIIIIII
0 1 2 3 4 5 6 71 8

I 17(d) Time( d )

2 5 54 fORR BMECs 4= K 2k
Figure 2 Growth curve of Chinese tree shrew

BMECs in the 54" generation

2.1.3 JIETOLsEE

L% P 1 A& 95 L7~ (von Willebrand  factor,
vWE) Fl CD31 & N iz 4l e 5 85 11, 0045 R s
MiBTAL vWE F1 CD31 15 55 FHPE (&l 3) , Ml iz ab A
B (%) SVA0T {55, UE B 52 56 BT 15 41 Jfg > A%

50 um
—

50 um
=

BMECs, 3 H B Ih#e A Tk B b8 i L A
2. 1.4 B

X} 2f 54 fCH I BMECs #E47 4% 5943 #r , 40 Jifd
AR 62 55 (18 4) | 5 E VU A o 0 4 i 1 e 2
PRBH —500  E B 40 A PR A
2.2 [ D-gal iREiFS BMECs =%
2.2.1  D-gal %40 HI3E5E A5

FHASTRI AR FE 1 D-gal Hilli% BMECs J , AN [A] s a] 43
) AGEI 235 2R Sk 7S A RO Y B S JI B D-gal YR FE (13
1 S AL E] S AT AR, O ¢/L A9 D-gal 15519
AR R, A A SE IR, 5 AR D-gal A0FLY
STREAAA I, 10 o/ L 403 48 h 40 g/L ALFE 12 h 25
HBETE(P < 0.01),20 g/L 434 48 h,40 g/L kbFH
24 h 48 h ZRAW T EM(P < 0.001), D-gal i
Y BEH AT B ) ARG e B ARk (11 5 ), Sk
VERRU I} 10 /L 1Y D-gal 55 48 h (40 I g 52456
24,0 g/L 1Y D-gal EH] 48 h Xt IR

50 pm P . : , S0um
== —

50,um
|

50 um 50 pm
b . i

A BMECs vWF(£¢{4) ;B:BMECs # DAPI( #4) ;C.BMECs vWF 520 & ;D . BMECs CD31(ZL{4) ; E: BMECs #% DAPI( # (%) ;F:
BMECs CD31 540fifi#% H & ;G:BMECs SV40T (4 {f) ;H: BMECs #% DAPI( # (%) ;1. BMECs SV40T S541fi% HE 2,

B3 55 S4 ARG RN AS P9 KA vWF CD31 FI SVAOT Hefie st e
Note. A. vWF expression of BMECs (green). B. DAPI of BMECs (blue). C. vWF overlaps with the nucleus in BMECs. D. CD31 expression of
BMECs (red). E. DAPI of BMECs (blue). F. CD31 overlaps with the nucleus in BMECs. G. SV40T expression of BMECs ( green). H. DAPI of

BMECs (blue). I. SV40T overlaps with the nucleus in BMECs.

Figure 3 vWF CD31.SV40T identification of Chinese tree shrew BMECs in the 54" generation by immunofluorescence
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Figure 6 Result of senility SA-B-gal at 48 h of D-gal induction
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Figure 7 Result of senility SA-B-gal at 120 h of D-gal induction
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Figure 8 Western Blot results for p53
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Figure 9 Change of SOD and MDA in aging BMECs
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