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W OE HH: BREE4E S £ CB{LEE 6 (histone deacetylases 6, HDAC6) 7E K Bl # 22 7 FE M
FEER. Ak RN SD KR, RE 240~290 g, F| Jil 18 1 AL B 3 4 45 4, (chronic constriction
injury, CCI) & 37 0 £ P ZORAE A, -5 % von Frey # fu b4 500N 2 K BAVRIE 5 #uE. XA
F KR EA, IR R &% T PO A R AZ  HDACG Wy &K UL, @ U i % 7E 4%
Tubastatin A JLE %31 HDAC6 *t A B B 8y & me . e 8 1fU f % 7F 4 HDAC6 Ik 34506 & ROt B &
WA b B A% HDACG k5 it A R S BB R e, &R w40 EE AR A R 1% HDAC6
KL B, Tubastatin A #31 HDAC6 J& 1 h K R B A B 41K (P <0.05), 24 h 5k & = E& KT,
EU EER—FWE, MM EES T HDACG &1 & 0w &R KR AR, EERRILEE T
BHE P<005). 5t K% HDAC6 55 T K B4 5 B M 58 45

KA MZ; HDACG; # 4  B M ER

The HDAC6 in CSF-contacting nucleus is involved in regulating neuropathic pain in rats *
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Abstract Objective: To investigate the role of histone deacetylases 6 (HDACO) in the cerebrospinal fluid
(CSF)-contacting nucleus on neuropathic pain in rats. Methods: Adult male SD rats, weighing 240-290 g, were
used in this study. Chronic constriction injury (CCI) was used to establish a neuropathic pain model. von Frey hair
and thermal radiation meter were used to measure mechanical and thermal pain threshold in rats. The immunofluores-
cence technique was used to observe the expression of HDACG6 in the CSF-contacting nucleus of normal and neuro-
pathic rats. The effect of antagonizing HDAC6 on the pain threshold of rats was observed by injection of Tubastatin
A. Finally, HDAC6 overexpression and control virus were injected into the lateral ventricle to observe the effect of
HDACG6 overexpression on the neuropathic pain in rats. Results: The expression of HDAC6 in the CSF-contacting
nucleus of neuropathic pain rats was significantly decreased. 1 hour after injection of Tubasatin A, pain threshold was
significantly reduced in rats (P < 0.05) and recovered to normal 24 hours later. Consistent with the above results, the
pain thresholds of rats with neuropathic pain after HDAC6 overexpression virus injection into the lateral ventricle
were increased significantly, compared with the control virus injection group (P < 0.05). Conclusion: The HDAC6 in
the CSF-contacting nucleus is involved in the regulation of neuropathic pain in rats.

Key words CSF-contacting nucleus; Histone deacetylases 6 (HDAC6); Neuropathic pain
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HROmpLEIE 2%, HErHGeT FRERFAY s
BELV S5 V6T RORA PR, i A B A 25 SRR 471
B R RRFI . A BN T R AR T
MEA AR X .

HEE 1% LWL (histone deacetylases, HDACs)
e REAB, HETFRIIRELEED N4, Hh
H EE 125 L BEALE 6 (histone deacetylase 6, HDAC6) &
11 25— 1. 5 HDACs AR AL AR, HDAC6
FEAFAET AT, RS RD)RE E3 A,
HEAAMWAMEN CBERELE 8, DA — MR &
sEE AR Y, BRI S 2 AR (RS
A, Woe-MEEA. 2R, #IREE 90 (HSP9O) %,
M I HEAT P45 . HDAC6 [ 25 ¥ 45 sk vk e 1 3
REZ 5TV 2 EE A IR, BRI,
R T, BgEae /), fHRrEEa Rk
i DA B G g2 S b B 45 B BT DL HDAC6 B 1 48
PRAFIH AR 22 (A 4ERF P47 1) G W R 7, S
SR I HDACG 2 5 4 2805 B R i i 72 71X
AT FEAR 2 B R S it 7 7 T 2Rl iR
(cerebrospinal fluid-contacting nucleus, CSF-contacting
nucleus) A& kil A4 %% ™ DUEELE R WAL B 4543
MRt AL 2 A9 (horseradish peroxidase-conjugat-
ed toxin subunit B, CB-HRP) {E AR E#7), e il
E5IN, FEE BR B IO I 44 KA R R 4
%Al BRI R AL 2 Fheh 238 VEY) i %
%, BB 5 G R S A A s sl it s P
{H HDAC6 /& M {Eflf %X — Btz ek, Lk
7T 152 5 A% AT 3 A 4805 BEVE SRR I8 R DL AT 7
WiE. P, AT R S R AR &7 N
TR HDACG 7E A% Hh i) 2k LK i
1% HDAC6 7E K B2 B AR TP VR F

Bk

1. SIS I 53 4R

SPF Mtk SD KB, 48 R, A& H 240~290 g,
L AR GF B I SE B S B B A IR A w4, ]
5. SCXK () 20140007, K AMET 120121

R/ BEE AT, 22~24 C Y wER IR AR IR, B
A A OK .

SR O T SR IR H S 22 HE A P K B
filfii%  HDAC6 HIZRIETH L, #K M7 79: Normal
2. Sham ZHA1 CCI4 (72 = 6); @KT Tubastatin A
F591 HDAC6 I K S B S I 7T, KB 70 A
Vehicle ZHA1 Tubastatin A 20 (72 = 6); @A T M &l

——
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% HDAC6 Jof 23800 O B 22 9 BE 14 /8 () 52
# K B 2> A: Sham + CMV-MCS 41. CCI + CMV-
MCS #1LL % CCI + CMV-HDACS6 4 (72 = 6).

2. S

CB-HRP (Sigma, 3£ [H); 3 CB —#i (Abcam,
YEED 5 HDAC6 /MR Z wfEdifA—Pt (Thermo, £
) 5 P HIE AlexaFluor546 — #i (Life Technolo -
gies, £ [E) ; Y/ AlexaFluord88 — $i (Life
Technologies, 3¢[E ) ; Tubastatin A (Selleck, H'[E) ;
X} 18 955 7 pAAV-CMV-MCS-3FLAG-CW3SL ( fl 7
AW, FED 5 HDACG6 i 31X 7§ £ pAAV-CMV-
HDAC6-3FLAG-CW3SL (Ffilye44), HED .

3. STk

(1) P AAE £ 4541 (chronic constriction injury,
CCI) BRI 2% Bennett 25 " (17778, HEYE SD
KERFRE, NS 10% K& & (300 mgkg),
EHCRRAL G, TRAMUATYIO, TR e i Ak
HMEAEET, H4-0 22480 4 BRI, &L2LLk0H
AHEEZ) 1 mm, 53055 DA BRIV PA sl k=2 2 1
WaEhE, MEHET, 600 BRFEAREANT KR
BHATAEEAIE 8, AATEIL, HRPBRIIME.

(2) G5 25: SD KRFRE, MRIEES 10%
KA A (300 mg/kg) BEAT IR . 457 BRI 5 4 K B
E TSI A b, ST & 2. Wi, Tk
R RAOE D) O, BREERT X A, S Paxinos &
it U405 7 M fi 25 437 B : Bregma:1.2+0.4 mm, Right to
median sagittal plane: 1.44-0.2 mm, Depth: 3.2+0.4 mm.
FA i S 2R A B 24 VAT R 5, VRS e e
B 5min, BEfSVHTE, A0, ARG HAEE .
HDACS6 #4717 Tubastatin A FI7ES, % 1 mg/ml bR
YEPREUFH M7 ) Tubastatin A 43K, 5EH 4% i) DMSO
BT fR, ARG N 30% 9 PEG 300, #¢ o i\
67% XL 75K, VR2). TEVE ST Tubastatin A R HT 1 K
Yo LR VEEM = A B A — /ML, O TS,
FHRABRRERES, 52 REFN -
FER RUBRIE, HEATZ59003: 5T o #5 1 h G TAT N & .

(3) ML & J g et KBTI = 33 5
30%CB-HRP 5 48 h, AT IEIEES 10% /K& &
BEAT IR, STt FBNIKEFATHLRE . & e
300 ml AE 3 SRR BEAT S gE T, DA g sh i i
WL . 255 HEE 4% 2 W 300 ml #EAT2H 21
BT G2, AT 100 ml PRIEFEE, J5 200 ml 183 .
TS E DR BT B ZHZY, T 4% 2 5RH
B 4 CUKFEMNIEEE 4~6 h, JEH N 30% I B
WK . FREUUE, BASGETIKGY R, R
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30 um, ZHZ1Y) A F 0.01 M PBS ¥ W2 3 3 i,
I S mine JIN 10% I 35 =B 3.5h, %%
RA TN/ IR HDAC6 — T (1:400) A1=£JH CB — 9t
(1:600), 4'CHIEREHE LK. %2 KH 0.01 M PBS &
WO ) FEEe 3 3 5, ISP/ B Alexa Fluor
488 (1:800) AL 4712 Alexa Fluor 546 T (1:500), ¢
I A 1.5he ZR)5 0.01 M PBS I 78 00 0E, WA
F . HBOCERERMENE I .

(4) ML 46 /& S it 8 {H (mechanical withdrawal
threshold, MWT) #ll 5E: 28 Up-down v " #4730 &
PR BURE T2 @A b, I % B R AR K B
R FFe WU AT K B 75 0 M A5 30 min, £ K FRAREE
SHAE AN K JG, JFUEME. K H von Frey
YN 22 R R TR, TN A 40 2225 il &2 90/,
ERFRIIT R] 5 s, 45 K B INAA 2 BUERER L IRAT A,
MRE A PEE SN o SRR, & E]B% A 5 min.

(5) G5 2 SR (thermal withdrawal laten-
cy, TWL) lll5€: 4% Hargreaves 25 " ({1 5 V2530 AT I & .
BRI RUBCE TR E, (SRS 30 min,
R0 0@ BB S FRUR I & . CJF 3 1 #0EE 5
BOOSHER R G 2, K R ISR B SRR 2 IS
B, TR b BRI S R AT 5 il i,
P VR (] B A7 10 min, 4400 & PR BB i3k 47 P 304
T8 BB AR S RO 2 TWL (1 BRI 8] M
25s, Bl KRR R IR.

4. Gk o

X FHl Graph Pad Prism 7.0 1F B 3347 8811245
Mro BTA SRR IS £ bRiEZ (X £SD) Fomo
AT R 1 LEECR - R 3R T5 Z2 70 Bt (two-way repeat-
ed measures ANOVA), 148 70 XUbR K [1) LL R FH
EHEMT. LLP<0.05 NEFHLFE L.

Z R

1. 1E 5 B 22 s B MR /K Bk % HDAC6
PRI

W 1 s, 409 CB-HRP AR % «
238755 Y6 KR 10 19 9 HDAC6 P # 48 o6, ity
CB-HRP/HDAC6 b4 6. 5 1E % 4181 Sham 41
AH L, CCI 4K R fif i #% CB-HRP/HDAC6 XU A £
LU EW R, EREaitEE L (P<0.05).

2. Tubastatin A $## HDAC6 X 1E # K BRI ()

] i 2 73 5 Tubastatin A [ K, 7E 1 h J5 X}
HBEAT R IR, KIS Vehicle HAHEL, S

——

S
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Tubastatin A {1 K B, MWT 1 TWL {8 B & &A%, =
S EA G EE (P <0.05); 5REAK R IR
% (baseline, BL) fHLL, ZRMBEAGSIIFE N (P <
0.05). 24 h 5 B K BT IR BRI &, K IFE(R
(R BRI LA 8 & I8 K (IR 2)

3. filii % HDAC6 i 32 1A% K B 20 i 3 1R 9%
JF 1) 5

F K EBENLZ A Sham + CMV-MCS 4. CCI +
CMV-MCS 41 LA f CCI + CMV-HDAC6 41. 3 41K
SR 23+ 106k 0 0 = 9 B HDAC6 o 38 975 B S Xof
PR . JFER R RIE 2 A 54 CCI + CMV-MCS
4 F1 CCI + CMV-HDACS6 4.k 5 i3k 47 CCI i #,
TR RIE 3 A, B CCI RJG 1 AR SR, XF
KEFATHBENE . 2R KIS Sham + CMV-MCS
HA AL, CCI+ CMV-MCS 425K i 18 B 2 %
i (P < 0.05), Tfifilifit% HDACG i ik 4 £ B
PEZC K RIS B B (LK 3D

i

A TR CCT ARS8 05 BP0, I8
T A2 e e B AR W %2 3 1E H K R RIS HDACG 3%
ik, HIEMZREMEERRET, % HDAC6
KW R WA, 5 —BWE, PR
HDAC6, CCI K R 1) B B 2 PR A . DA 5 T ik
W% 51 2R B PR OB 7R, CCT AR B2 Y
PRAREVEZREARSG 1 IR RIE BIERAL ™, A
BEALE i k% 3 ik HADC6 FUE I K, 33 cC1 R
Ja 1 XK RIEATAT A, 25 BRI bz i
1k HDAC6 Rl it 4J BEPE IR0

BEfE 2% T HDAC6 HIH 7t 22 4 b A8 e
AREREER, R /DS HDAC6 SifZimiikk
I HH ORI 78 . Krukowski A Van 25 7 J& B3 i 45
Pt HDAC6 Re % S50 TT 2590155 5 1 R 4 0 B PR IR
Jii. TF Krukowski Al Van 25 (1) 5256+, R 4b 7 25
VISR PR 22 TL I i SIS SR B 0%, T 5
AT MR TN, I LR B R . T
o- T SR 11 SR AS U A 1R 1 b 28 0 B 9302 i F
W 1AL 2 —. 54 HDACs ML,
HDAC6 X4 o~ 2 F7E N R 2H B A AR 57
PE, RV o B A Z B R 1, R
0] HDAC6, e85 ok i #h 2 1) o-f i 8
S o G M N1y I 2t N = (b i
REMEREN, SCEIIT AW SR
Yo TMIXL Zerong S5 SO S5 HAHT &, Zerong %51
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-— Normal Sham CcClI

CSF-contacting nucleus HDAC6 Merge

TR K BB A 22 BEE R K A% HDACG (3R (72 = 6, X +SD)

(A1, A2, A3) CB-HRP Fric (IfiliA% (4065 ; (Bl, B2, B3) HDACG FHIEMIZ T (44€5) 5 (Cl, C2, C3) Wi Xbn
#ETT (B FFR =50 um; (D) =LK RANAEL HDAC6 XUbR B 26 LU

*P<0.01, 5 CCI4IAME

The expression of HDAC6 in the CSF-contacting nucleus of normal and neuropathic pain rats (7Z = 6, x +SD)

(A1, A2, A3) The CSF-contacting nucleus (red); (B1, B2, B3) HDAC6 cells (green); (C1, C2, C3) double-labeling (yellow).
Scale bar = 50 pum; (D) Comparison on the rates of co-staining positive neurons in the CSF-contacting nucleus of three
groups of rats.

**P <0.01, compared with the group CCI.

B
—e—i Vehicle +#— Tubastatin A —e—i \/ehicle +#— Tubastatin A
30+ 20—
25
15
20
z
15 g 104 =
|_
10 s
5]
54
0 T T T 0 T T T
BL 1h 24 h BL 1h 24 h

HDAC6 547177 Tubastatin A XJ 1E# K BRI 5200 (72 = 6, X £.SD)

(A) Tubastatin A X} K5 MWT [{I540;  (B) Tubastatin A %} K i TWL (15207

*P <0.05, 5 Vehicle Z1AHEL: “P < 0.05, 5 Tubastatin A 2 BL B[] £UF EL

Effects of HDAC6 antagonist Tubasatin A on pain threshold in rats (72 = 6, X =.SD)

(A) Effect of Tubastatin A on MWT in rats; (B) Effect of Tubastatin A on TWL in rats.

*P < 0.05, compared to the group Vehicle; “P < 0.05, compared to the BL time point of Tubastatin group A.
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Sham + CMV-MCS

CCI + CMV-MCS

CCI + CMV-HDAC6

100 um

CSF-contacting nucleus HDAC6 Merge
D E
[ Sham + CMV-MCS CCI + CMV-MCS [] Sham + CMV-MCS CCI + CMV-MCS
Il CCI + CMV-HDAC6 Il CCI + CMV-HDAC6
254 20~
20 I I -[ s '|'
15+ T
S 151 D T -
= = 10 T
_I -
% 10 - ok E
5
5
0 T T 0 T T
BL Tw BL Tw
3 fildBii% HDACG i 33K X K B AP £ BELE PSR IO (72 = 6, X £SD)

(A1, A2, A3) CB-HRP ¥ric fUfiliiitz (£Z0fh) ; (Bl, B2, B3) HDACG6 BHIEMIZ G (44() & (C1, C2, C3) P& XUbx
LT () FRR =100 um; (D) FH KA & CCIARJE 1 MWT HE: (B) 841 KR ARG A& CCI A5 1
Ji TWL b

*#%P < (0.001, 5 Sham + CMV-MCS 4 tL; "P<0.05, "P<0.01, 5 CCI+CMV-MCS 4Lt

Fig. 3 The effect of HDACG6 overexpression in the CSF-contacting nucleus on the neuropathic pain rats (72 =6, X =SD)

W 2020 128.indd 902

(A1, A2, A3) The CSF-contacting nucleus (red); (B1, B2, B3) HDAC6' cells (green); (C1, C2, C3) double-labeling (yellow).
Scale bar = 100 pm; (D) Comparison of the MWT of rats in each group before surgery and one week after CCI; (E) Com-
parison of the TWL of rats in each group before surgery and one week after CCI.

*#%P < (0.001, compared with the group Sham + CMV-MCS; "P<0.05, P < 0.01, compared with the group CCI + CMV-
MCS.
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RINAE HDAC6 KXW R o i & (A = JE LBk
o ERE AR E ISR, R ER IR
KR BB I S A IXAT RE A F T 9 il I 1)
PRI EPE IR AUANE], AR BB PR
1B BITEE K R LI = A BT P, Krukowski A1
Van ZEHJE 78 (& ALST 259015 R AN 4 BRI, 1T
Zerong i FH IR AL B M2 3 SRR VER I

bR AZ A — AR TS i, T RS I =
L B A 1) i VR AR R AL . B SR
WABKER, HE AR, o gn .
Mm% A AFLERC R KU, i 700K AT fig 76 i
2. AREPR T DR K EEEAER . #id CB-
HRP W7 /REEGS A 2oL EOR, Hilo&a kN2
Fhtp G EY e A% A RIS, Bz 5
20075 B IR B I 4 O AR A 0 i =
VEST CB-HRP F% H P2 2t H AR 2K B A 7%
H HDACG MR IATE ML, 25 5 ILIE K B A 1%
R HDACG [5R, HAEMZHEMEAERIRE T,
KR il 7% # HDAC6 [3RIE B R b . X $E 7 fil
A% HDACG6 W] BE1E #2895 BEE & v R 4E H
HE TR S EEVE R R AL TR 1o TR A

i LT, % F L HDAC6, HZ 5wa
9o BRI (AR . X BT A R 20 B TR AL
FRAL TR AR, NI R VE T P 4 B R
PRAE T B A 2GR 55 . {E S RS B 22 0 SR AL
il (1) 52 2 M DL R Al A () S MR R M, DRI I 75 22
B — PRI AT .
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