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Anti-neuroinflammatory Role of HMGB1 Inhibitor BoxA in the Hippocampal

Area of a Rat Model of Vascular Dementia in the Acute Phase*

HEI Yue, WEI Li-zhou, YI Xi-cai, ZHOU Yue-fei, YU Shi, GAO Da-kuan, LIU Wei-ping”
(Department of Neurosurgery, Xijing Hospital, Air Force Military Medical University (Fourth Military Medical University),
Xi'an, Shaanxi, 710032, China)

ABSTRACT Objective: To investigate the anti-neuroinflammatory role of stereotactic injection with high mobility group box-1
(HMGB1) inhibitor BoxA in the hippocampal area of rats after bilateral common carotid artery occlusion (2VO). Methods: 60 male
Sprague-Dawley (SD) rats were divided into the sham group, PBS group and BoxA group (n=20 in each group). 2VO (n=40) or sham op-
eration (n=20, only separation) were performed and BoxA (10ug in 10uL PBS) or equal amount of PBS was intraventricularly (to the left
one) administered immediately after 2VO surgery. Three days later. HMGB1&NeuN immunostaining and western blot were used to ob-
serve the HMGBI translocation, Evans blue (EB) dying and brain water content were used to measure the blood-brain barrier (BBB) per-
meability, Ibal immunostaining was used to observe microglial activation and reverse transcription-polymerase chain reaction (RT-PCR)
was used to assess the levels of pro-inflammatory cytokines(Interleukin-1B(IL- 1), Interleukin-6(IL-6) and Tumor necrosis factor-a (TNF-a).
Results: Compared with the sham group, there was a significant decrease in HMGB1 positive nucleus (%) and HMGB1&NeuN positive
cellsyHMGBI positive cells (%) in the hippocampal CA1 subarea in PBS group (P<0.01). However, compared with the PBS group, the
above changes were partially reduced in the BoxA group(P<0.05). In addition, compared with the sham group, PBS group showed signif-
icantly increased EB leakage (P<0.001) and increased brain water content (P<0.01). Compared with the PBS group, these changes in the
BoxA group were partially adjusted again (P<0.05). Finally, compared with the sham group, the number of ibal-positive cells in the PBS
group increased (P<0.01) and the expression of pro-inflammatory factors(IL-1@3, IL-6 and TNF-«) increased (P<0.05). Compared with the
PBS group, the expression of Ibal positive cells in BoxA group was decreased (P<0.05), and the expression of proinflammatory factors
(IL-1B, IL-6 and TNF-a) were all obviously decreased(P<0.05). Conclusions: BoxA suppresses hippocampal neuroinflammatory responses
in the rats with 2VO in the acute phase.

Key words: Vascular dementia; Bilateral common carotid occlusion; BoxA; High mobility group box-1; Microglia

*IESIH - [F5K A AR A RS R H (81627806)
YEZ T AL WL SR AR, ST - T AR RS AR AN £ 542 , E-mail: heiyue@fmmu.edu.cn
A BIRVER X T, H3E : (029)84774339 , E-mail: liuwp@fimmu.edu.cn
(ks H#1:2018-11-30 43237 H 19:2018-12-25)



DREYESSHE  biomed. cnjournals.com Progress in Modern Biomedicine Vol19 NO.9 MAY.2019

- 1619 -

Chinese Library Classification(CLC): R-33; R743; Q593.2; R338 Document Code: A

Article ID: 1673-6273(2019)09-1618-06

BE
K M B XU #5052 bk 45 L (bilateral common carotid
artery occlusion,2VO) # )" vz F F 2 57 1ML 45 14 i & (Vascular
demntia, VaD){y Sl A0 TZASE AR s i 1L 07 1 19 722 A6 FOAH
RARHPIRAS T 530 = A8 BB AMEIOR G 2-3 X)) 8k
MrBe( 2 3 D A)FRE BB, JERAHFR R 2V0 KR
I CAL 43 DX W 22 AR AE SN 18 BT R B 280 sE T ] BB J2 A
R R AR R R DG R R R B y 2VO BRI 1 i v
J3#f(blood-brain barrier , BBB)JI il i % FT A28 I o 4 B 14 S5
(1 VaD BRI LL/INGE BT A A B0 S 32)79, R B AT
VaD K FRUIBEY v 28 98 i S5 7 Fr) ELAA T FURE it 1 A T w26 i
MR E 1 1(High mobility group box-1, HMGB1){E VaD &4
T RE NS BE R 20 B S0 2 B BIAE 4 AR 2, i R 4 1 he
TE VaD BRI i 2 FRAR AR T A Bt
AWFFATEE SRR 2VO BRI SR E, R HMGBI
SRR/ TR BoxA Jigi & 37 M2 1] 1 4 T 7 HMGBI
RIVERT, FH HMGB1&NeuN Fuss 4L 1 western blot Y
%2 HMGB1 %5 i 4, D 3 B (EB)J 8 R 7K 5 12t 0 £ T
Hr BBB il Pk, Tbal s gy (A NI B A i i AL , o &
Wit SER GRS I Y (reverse transcription-polymerase chain re-
action, RT-PCR) ;I 4 i 241 ffd [l ¥~ L K 3Rk /K7, BAEITANY
HMGBI1 il 7] BoxA X} 2VO K BRI I X sl pf 28 5 AE I 90
YEH.

1 pR 5 07

1.1 SERezhFnsr4a

60 H 4-6 [F 5 : Sprague-Dawley (SD)J B4 3E |7 55 U
TERER2E SIS O, S SE Iy 545 BV 3 I B AR PR A
A6 EE L AR BT BT 20 HRF AR (Sham
20, AR TR SR (phosphate-buffered saline, PBS,pH {8 7.4),
HoAth 80 H & BRISHEAT Tk A M BB STLE B Ik E5 L (2VO)sE
ST A PR (VaD)RE AL, 4 BEHL 7324 BoxA 20 (n=20, fiij % 7.
1A5E 17 FE GRS T PBS H1iY BoxA), PBS 2 (n=20, {5} PBS),
RSB E AT . 25 %L, S 4R R
H¥R 5 H,
1.2 75k
12,1 MEMRRARER LR BoxA T K FUREEEH
KA FARE10%, 3ml/kg, i.p.), FETA Y, B JeTESUHE D IR I ]
—A~ 1.5 cm BhZed) 0 oS3 le i HE U 27 485
R RUM Bk , B 2248 [ %€ o Sham 4 B @SNk, RE5HL . ¢
BB R, IR IRERAE 375 CRAIRET- A, St 10 pg
BoxA (HMGBiotech . 2 KADF BT 10 wL PBS w3
FH 15 L i3 2 DU R0 S A S 28 E A T ST AR 1) S TR R
ZEMN % % (AP:1.5 mm; ML: 1.0 mm; DV :4.5 mm),
122 @EHHLE  BoxA 4] 10%/K 54 MG mL/kg, ip.)
JRIR I 4% 22 58 FV R TR AH 2 74 1 2 um JEEJEE, 2VO R

J5 3 KA1 CAL WP X HMGBI FI NeuN 4L 5, % Tbal [H
PEAMIIEE , Sl Ibal (1:100, Abcam, 35 [H), [P NeuN (1:
100, Millipore, 26 [®), Fl i3t HMGBI (1:100, Abcam, 3£ [H]) ¥
TG 4 CWAbI R . SRJE FHZEE PRI (L1 25t 5 488 Al
LT 594, EENERIAEAR 55 EEEZR T 4h, 254
0.0001% ,6-diamidino-2-phenylindole (DAPI) 4% {4, (Beyotime , |-
TR R SR Gt A AE SR 2 1L 10 434, HMGB1&NeuN 3(
YA . TR L) CAL 154 b B B4k (& RN 21 (63 1
LI 55 DAPL YLt 5 dF T4 M55, [R5 10 A~ DL R
HF(200% ), AEKAARFNH IS A7 0I5 A/ N BB B S S o fif
PR AROCHH R EL(FV1000, JPN)FRI L ; fili ] image
pro plus 6.0(/# K 200% )&Eit,
123 minREBBB)EEMRMEKETMHE MHHRRAE
3 d #E47 SR (Evans Blue, EB)J LRI K & BL 730477 . K 2
mg/kg EB (Sigma-Aldrich, 3¢ [&]) 8 E##IKi## T 0.9% PBS i1,
HEARBURN, LEHAGI 2 h, S8 500 B AR BEER K B
SRR AE 1.5 mL H kR P AR 5], FEIEE 48 /T, A4S
620 nm Kb I SEEEINE EB (38 i R K S s, K
R fige #9) 5 14 e D i K B (R ), SRS TE 100 °C T 24 /)
RIFRE G M TE, REMEERLTHME BE—TE) T
&Ex 100%,
124 EEFEREAWHERE (RT-PCR) R BUR XU
WD, SRS R4 K i mRNA /K-, ] TRIzol i (In-
vitrogen, 35[E) /MBS RNA, SEBG i fE R i 5 1 in T
IL-1B (5-CCTTGTGCAAGTGTCTGAAG-3' I 5-GGGCTTG-
GAAGCAATCCTTA-3')IL-6(5-AGAAAAGAGTTGTGCAATG-
GCA-3' 1 5-GGCAAATTTCCTGGTTATATCC-3") #i1 TNF-«
(5-CAAGGAGGAGAAGTTCCCA-3' Il 5-TTGGTGGTTTGC-
TACGACG-3'), GAPDH (5-TCCTCATGGACTGATTATGGA-
CA-3' 1 5“-TAATCCAGCAGGTCAGCAAAGA-3'), i 55 4%
JEHEAT 1 wg # RNA FI iScript e B 4Mi A% B 4
DA (12 D BB Y 20 L i 3 B A6 R 5, A A A A
20 'C, wE# PCR —2Z )5, iR A ME N IR 5 (20
pLE S 1 uL 57514 2 pL 4ifk cDNA #itk . 45 CHEH
JPALAE 5 4rh AT 95 "C10 44, BBEIS I 35 JAi PCR 7E
95 ‘Cf¥ 55 #1 60 °C 30 454X, % GAPDH 1E Jy 95, X 3k P
MR TIE—1k
125 Westernblot I RESUIIE ALK E MR 72 ,
FH RIPA R 22 vh R 21 R IH Ak . W EESPAG )G, H 10%
SDS-PAGE HEi /B3, 5B B LA 4 Z A% I (Invitrogen,
18, 5% MiNR A= Wb 2= IR AR 2 /INeT . {5 H S Bt HMGB1(1:
1000, Abcam, £ [H) 7£ 4 Cid % . ifiJ5 HRP- 454 19 4R (1:
20000)#4k, 1 h,, F| 1] Western Bright ECL W00 2% #E47 7T 1
&, 1] Gel-Pro Analyzer 6.0 #ft(5E )4 T34
1.3 Git=Ea

K FH SPSS 19.0.0 X} B #5113 0r . i R R &
NN PRifEDR(Mean £ SEM), 24 Hfd BRI R T



- 1620 -

DREYESSHE  biomed. cnjournals.com Progress in Modern Biomedicine Vol19 NO.9 MAY.2019

224341, 1015 {8 F Bonferroni MR ZH [H] 2251, LI P<0.05 H2ZEH
BEtEE .

2 5R

2.1 BoxA Al MEEER AR SEEEX HMGBI1 By%E(L
nE 1 FE 2 R, 2V0 AL 3 K, HMGBI 1] ) 32 4

A

HMGB1 NeuN

sham

PBS

BoxA

Merge

AR, S BUK N HMGBI JK 7 [%, PBS 4111 HMGBI
FH P4 41 A 4% (%) 2 HMGB1&NeuN [H4: 41 fld /HMGB1 BHH: 21
J(%6) 2% Sham 41 FF#(P<0.01), LA E&55RFKN] HMGB1 Al L
MM Ieh Bk, 1bsh,PBS 1 HMGBI k% Sham 21
B 2 FR&(P<0.05). Tfi-5 PBS ZHAH L, BoxA JAy7 Al LA i 2 ik
T8I )X LA £k, (P<0.05).

B

£ s

3

2

3 #

° 4

2 x

g » T

2

o

3 :
& &

.

3z

VS

<

£ #

it -

zg -T

R

EE

8%

X

= ©
& "

B | @EiesithEEmRXRIMERED CAl RHEZTH HMGBI #{iL

Fig.1 The hippocampal CA1 neuronal HMGBI translocation in the acute phase in rat model of vascular dementia assessed by immunofluorescence.

(A) The HMGBI1 &NeuN immunostaining in the hippocampal CA1 area among the three groups; (B) the HMGB1&NeuN positive cells/ HMGBI positive

cells (%); (C)HMGBI positive nucleus (%). Horizontal bar=50 pm. The dataare expressed asmean+ SEM. **P<(0.01 vs. sham group; #P<0.05 vs. PBS group
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Fig.2 The hippocampal neuronal HMGBI translocation in the acute phase
in rat model of vascular dementia assessed by western blot. (A)The
relative protein expression of HMGBI in hippocampal CAl area among
the three groups; (B) the quantification of western blot. Data are expressed

as mean + SEM. *P<0.05 vs. sham group; #P<0.05 vs. PBS group

A

Brain water content (%),
~

“

8+
8 4
5.
g
&2
04
& &

& ¢ &
B 3 mEERER AR S i R iR o i
Fig.3 The Blood-brain barrier permeability assessment in rat model of
vascular dementia. (A) The brain water content among the three groups;

(B) Evans blue (EB) leakage among the three groups. Data are expressed
as mean + SEM. **P<0.01 sham group; #P<0.05 vs. PBS group
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Fig.4 The hippocampal CA1 microglial activation in the acute phase in rat model of vascular dementia assessed by immunofluorescence

(A) The Ibal immunostaining in the hippocampal CA1 area among the three groups; (B) the cell counting of Ibal-positive cells (per mm?2) and enlarged

Ibal-positive cells (per mm?2). Horizontal bar=50 um. The data are expressed as mean + SEM. **P<(.01, ****P<(0.0001 vs. sham group;

#P<0.05, #P<0.01 vs. PBS group.
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Fig.5 The gene expression of pro-inflammatory cytokines of the hippocampus in the acute phase in rat model of vascular dementia assessed by RT-PCR

(A) The gene expression of IL-1@; (B) the gene expression of IL-6; (C) the gene expression of TNF-q. Data are expressed as mean + SEM.

*P<0.05 vs. sham group; “P<0.05 vs. PBS group.
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