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WE HM ATA%ABLELA (HDAC) 6 A-F6) A% - BB A2, AR EEEF ek
g W R e (MECs ) BB #5558 R 694 A ALEl . Fik it CCK-8 F4amlid Bl B 7 % TH T
MECs #93¢ 78K A&, Mt THORE; MAEKRI LT LM, SFEIMIRR L5 X hEEHLIZHIE
A ¥ EhaAhwam (MECs), #4140 (MECs 5 & #5144 /i 3327 ). Tubastatin-A 21 ( MECs X5 % #4
R 3357 + HDACG 7 4) 71 Tubastatin-A ) A% 5 BB B 740 (MECs 5t #5A: k 3z + R KA
AR ), B R RS ExAan MECs AE #3548 R 69t oL, SRR L E R Bt A7 B 47, it
Western Blot ix#: MECs # 4% # % % 4% (HDACG6. Kinesin5. Dynein) % B "% — /ABkix2 (LC3 11 /
LC3 I . p62, Beclin1) #ax&aayfir, R LARRAEEREAYW, HHEA ML, Tubastatin-A 217e
B Bl By AR T B R 3 MECs B 45 %574/ (P<0.05), Western Blot £ R &, S arkix, #
740 HDACG 9 % & &8 R %33 (P<0.05); 542 41t 4, Tubastatin-A 484= % 5 i & 7 41 HDAC6
#7% & KA B F %1%, ™ Kinesin5, Dynein. Beclin1. p-ULK1/ULK1 #%& & &£ 2 %32 % (P<0.05);
5 Tubastatin-A 2a3b4%, &5 @K %40 HDAC6. Kinesin5. Dynein, LC3 1 /LC3 I. Beclin1, p-ULK1/
ULK1 89 &8 2 F Rt &L (P>0.05), %1t MECs &% 3 #4 1 25 5% HDAC6 wy & ik L, {2
R 4% MECs MAEHE R4 R A — KBk 42 ; Tubastatin-A %2 'F i@ B o 3% 7T 18 1T 474 HDAC6
o) £ A 3% 3% MECs E A 49488, St M A7E — 5B kiR /2, 12t MECs Z2 R 357 1
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ABSTRACT Objective To observe the mechanism of Wenshen Tongdu Decoction ( WSTDD ) for affecting
the phagocytosis of myelin debris by microvascular endothelial cells ( MECs ) based on the autophagy-lysosomal
pathway mediated by histone deacetylase (HDAC ) 6. Methods The CCK-8 method was used to detect the
proliferation state of MECs after the intervention of WSTDD freeze-dried powder, and the optimal intervention
concentration was screened. The in vitro vascular-like structure was constructed, and the co-culture model of
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myelin debris and the vascular-like structure was established. The experiments were divided into the blank group
(MECs ), the model group ( MECs co-cultured with myelin debris ), Tubastatin-A group ( MECs co-cultured with
myelin debris+HDACG inhibitor Tubastatin-A ), and WSTDD group ( MECs co-cultured with myelin debris+WSTDD
freeze-dried powder ). The phagocytosis of myelin debris by MECs was detected by immunofluorescence staining,
and photographed by confocal laser analysis. The expressions of related proteins of microtubule stabilization
system ( HDAC6, Kinesin5, Dynein ) and autophagy-lysosomal pathway (LC3 Il /LC3 [, p62, Beclin1) of
MECs were detected by Western Blot. Results The results of immunofluorescence showed, compared with the
model group, the phagocytosis of myelin debris by MECs could be significantly promoted in Tubastatin-A group
and WSTDD group ( P<0.05) . Western Blot results showed that compared with the blank group, the protein
expressions of HDACG6 in the model group significantly increased ( P<0.05) . Compared with the model group,
the protein expression of HDAC6 significantly decreased ( P<0.05 ), while the protein expressions of Kinesin5,
Dynein, Beclin1, p-ULK1/ULK1 significantly increased ( P<0.05 ) in Tubastatin-A group and WSTDD group. There
were no significant differences in the expressions of HDAC6, Kinesin5, Dynein, LC3 II /LC3 I, Beclin1, and
p-ULK1/ULK1 between WSTDD group and Tubastatin-A group (P>0.05) . Conclusions The phagocytosis of
myelin debris by MECs up-regulated the expression of HDAC6, but it did not affect the microtubule stabilization
system and autophagy-lysosome pathway of MECs. Both Tubastatin-A and WSTDD enhanced the stability of
MECs microtubule system by inhibiting the expression of HDACG6, thereby activating the autophagy-lysosome

pathway and promoting the phagocytosis of myelin debris by MECs.

KEYWORDS spinal cord injury; Wenshen Tongdu Decoction; microvascular endothelial cell; histone

deacetylase; autophagy-lysosome; myelin debris
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Life Science&Technology Co, . Ltd. ( #¢%5:CL-0598 ),
WSO o

2 ¥ 10 H 6~8 JA i i £ C57BL/6 /)N [,
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03-031-1B) 1y {4 {4 31 Bioind; CFSEX 1% 5:
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CD31 ( #%%5: AF6191), B-actin ( 4% 5 : AF7018)
) [ 551 Affinity ; Dynein ( £7%5-:ab171964 ), KIF5B

5. ab167429) il [ 3% [E ABCam; Acetyl-
a-Tubulin ( %25 #5335, 3% [H CST); LC3B ( %%
51 18725-1-AP ). HDAC6 ( 1% 5. 16167-1-AP ),
o -Tubulin (£%5-: 11224-1-AP ). p62/SQSTM1 ( 4%
51 18420-1-AP ). Phospho-ULK1 ( #%%5: 80218-1-
RR). ULK1 ( £%5. 20986-1-AP ). Beclin1 ( 15
11306-1-AP ), HRP-conjugated Affinipure Goat Anti-
Rabbit ( 475 SA00001-2 ) ¥JIJ H 3 [# Proteintech;
IR (555 356234 ), F[E Corning.
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W, KBTS 4 €, 25 000 r/min, 60 min
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B, T 1.5 mL ELE, T4 °C, 25000 r/min,
10 min &0 SR BIE, FRE S RBE W AR A 4
100 mg/mL 43T 1.5 mL 5504, i#171E -80 Tk
FE

9 CCK-8 i A il 40 M 8 R A HRUA KRS
K MECs, Hfb)5 EEITH4, LISl 3 000 4~/
100 L #7296 fLAR, FEEFRAANTIESR 24 h,
)35 FE AR P 2SI 0~200 . g/mL A [ 3 B il T
W TR R, JigE 24 h JEHfLIINA 10 p L CCK-8
B ColE S AR ), i E T 37 €, 5 %CO,
R E 2h, £ )68 5 AR U & 450 nm
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50 wmol/lL ) CFSE #5 ic % #5 ¢ FH, 7 7 R
Al JE BT R 3% 46 15 min,  fin A & 100 mmol/L
HZAMN PBS ARG, MIEEFRAAIFE 5 min
J& 4 C, 14 000 r/min &> 15 min, J{] PBS & &8
RS 4 T, 14 000 r/min B5.0> 15 min B,
EREWIRE A E 100 mg/mL, FFREGIRTE. BERER R
A5 M A AL R 72 h,

M TR MECs ARSI B
R 52 A A5 AL R e W SR G R L, H PBS Ut
%3, B 5 ming, L 4%ZREHFEEE 10 min,
FH PBS k% 3 ¥, %K 5 min, LA 0.2% Triton-100
W % 10 min, Jf JH PBS %k % 3 ¥k, 4 X 5 min,
PA'5 % 111 2 1ML¥E = i 3544 60 min, Jin A —4i €D31
(1:200), 4 Cide W HH PBS ¥k 3.4, HIK
5 min, JIAZ$H0CAlexa 594 “F4i R ), B iR
H 1h, PBS {4 3K, K5 ming Dapi & 44 )5
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1 S TR VR R B 5 R T R 4T MECs
B (1) CCKS il &% S 36 1, ok i 7
0~100 wg/mL i 538 B 5 VR T % MECs HA —
SERYREVERT, H 100 wg/mL AR BT R TR
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TR M A5 (K2 A1, A2), Hhrid
CFSE myhaiiiv i H5RME LIS 72 h, 258 0
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BEdEIE R TIEE (B12B1, B2),

DNA CD31 DNA myelin debris (72h) CD31

VE: A1 SR GO TS (6, CD31 e L th; A2: Sy A1 RN
JRFR, 430 x-y Gl B x-z G, RILZE A Y 3D L5445 B1: A%
ety s o, BEWSIE A M &R0, CD31 4Lta 2l n; B2: 4 B1 A
SRR, I3 0 -y Bl B x-z Bl FLrPo Sk 1 SRR BRI R I AR SR
MECs, #i% 2 #&/RBEHIHE R KI5 MECs #:fih, %k 3 BURBREIIE
it A MECs Jifi

2 RSN G Wb i B LG R A

3 #4 MECs Wiy 5 Y i (1A 3,
1) RO R R, 5K,
Tubastatin-A 20 A1k & il By AR v] i & e i MECs
W BEHY R O (P<0.05); IR EMEB ALY
Tubastatin-A 20 HA7 KU ML EWEVER, (EA/E HRUR
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4 %4 MECs & WEREHN i 5 s R GAH DGR
HEEE (K4, £2) Haspduss, R
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FHaE (P<0.05), i Kinesin5. Dynein 3535 1G]
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FIE B 1075 J7 4 HDACS (13634 i 3[R (P<0.05 ),
Ifi Kinesin5. Dynein i 3 ik I 3 3% & (P<0.05),
Tubastatin-A 21 Acetyl- o - Tubulin /o -Tubulin %)
KR (P<0.05) ; 5 Tubastatin-A 21 L4, i
1878 7720 HDACG6 . Kinesin5. Dynein 31k 22 5%
TogeitEE X (P>0.05),

5 %0 MECs 7 WERESIIE R 5 A W — i iR
BHXEHERLMLK (K5, £3) S5H4H
B AFRIZH LC3 1T /LC3 14.p62. Beclin1. p-ULKA/
ULKY ik 2 % G ih2d & L (P>0.05) ; Lk Al
4 He %, Tubastatin<A'ZH Fil i ' 18 & 7 4 Beclini |
p-ULK1/ULK1 )5k ik W 2 3% & (P<0:05), i 'H
B 7 4 p62 ik W 3 g, LG /LC3 1 &
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IR B REAR, 2R ASIFE X (P<0.05); 5
Tubastatin-A 2 [b#, TS EE 4 p62 1)k i

A

B1

C1

D1
T A NZSH4l, B AL, C b Tubastatin-A £, D iR 15
BT ; 1403 CD31 et 2rth, 2 QLRSS (CFSE) Yty
Zktn, 315K DAPI et i, 4 103K Merge K G A
3 &4l MECs FRWEBaHIT A 1 e A 25

RSB RAXZPOCHR IS (X+s)

25 n TSR A AR 9 TR
A 3 1.00 £ 0.42

HrA 3 13.74 £ 1.29"
Tubastatin-A 3 22.81+1.20°

L E a7 3 17.27+0.54 %4

TE: Ha A L, "P<0.05; 54 LR, © P<0.05;
Tubastatin-A 41 1t%:, *P<0.05

dr

HDAC6
Kinesins | WEEG—-— Swmm— ss—— s 110 kD
Dynein | e S s—— - O D
o -Tublin 55 kD
Acetyl- o -Tublin 52 kD
B -actin 43 kD

1 2 3 4
W 1 NESHH, 2 KR, 34 Tubastatin-A 2H, 4 ik i
B
B 4 %40 MECs HFVESERIE A G R4

A I Rk T Il
p-ULK1 - ' - 140 kD
062 -_—— —— 62 kD
Becint | MR MEENE SRS S 520
LC3 | 18 kD
LC3 1l 15 kD
B e _ P
1 2 3 4

W1 NS, 2 MR, 3k Tubastatin-A 2, 4 iR
BT
Bl 5 #54H MECs FrWgsasse i Jn A W — W AR
HAMRREN

%2 44 HDACS6. Kinesin5. Dynein. Acetyl- o -Tubulin & FIAEX FisELE (X+s)

2H 51 n HDAC6 Kinesin5 Dynein Acetyl- o -Tubulin / o -Tubulin
Z M 3 1.00 + 0.01 1.00 +0.01 1.00 +0.01 1.00 +0.01
il 3 1.39+0.01" 0.83+0.10 0.87+0.10 2.83+0.08"
Tubastatin-A 3 1.08+0.06° 1.22+0.05° 1.48+0.06° 72.83+0.82°
A= Sik= iy 3 1.02+0.08° 1.26+0.12° 1.74+0.16° 1.83+0.114

T Has i, "P<0.05; SHMLIEE, © P<0.05; 5 Tubastatin-A 41 H4:, *P<0.05

£3 441 p-ULK1, Beclin1, p62. LC3 I AN Tkt LI (X+s)

51 n p-ULK1/ULK1 Beclin1 p62 LC3 T LC3 T
2 3 1.007%0.01 1.00 + 001 1.00 + 0.01 1.00 + 0.01
sl 3 1,13 + 0.06 0.96/+0.11 0.97 + 01 0.88 = 0.06
Tubastatin-A 3 1.48 +0.06" 1.40 + 0.06" 0.86+0.04 0.73 =0,
k=il =wil 3 1.44 +0.07" 1.64+0.15" 164 +0.15*" 0.65%0.11*

T SR A, *P<0.05% 5 Tubastatin-A 4 Ib4:, © P<0.05
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W B 7 AR BEFE F A & Tubastatin-A, A W, 4
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MERARG LA, EH T TSR E R
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a -Tubulin/ o -Tubulin ) /) #; 1, Western Blot 2%
F W] MECs W REHS 1 25 F B HDAC6 11k i,
1M o -Tubulin #) ZFEACFEEE EIR AL IH (—A
a-Tubulin 125 2 BAL SR OE a2 ), IR3h R
1 Kinesin5 13} 15 4 Dynein 335 ( 58454
MisilEH ) WIJCH WA, T, HDACS6 (13
K L IIERIER MECs MUE R E R4SE, NITRE a-
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