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W E BN ARWEREEIEOR RN A MY A X LB LB 2 (histone deacetylase 2, HDAC2) &
5 B3 ho et SRR DA R mu T 24K (opioid receptor, MOR) &3k B89 . F7ik: 77 & CSTBL/6] /)
e, N AR B 28 M R E AR AR A (chronic constrictive injury, CCI), KA A S FEESH: (1)
BFARA. FALU; (2) FRA+BEAA. FA+ KK FAFR (SAHA) 4; (3) FAR +NC-siRNA 4.
FAR +HDAC2 siRNA 41; (4) AAV5-EGFP 41, AAV5-HDAC2 41, i#+¢f§ foE 4%k 5 30 min I &
INBRARA U 8 B RS, T DR B oK FT B4 X (max possible analgesia effect, MPAE) 3k
D HE R RN B R, RJE % 7 K@t Western blot #1 52 B 7% % £ & PCR (QRT-PCR) 4l &- &
BHRAKFE. B8R (1) MERFARUME, REH TR, FRAEDEHEMEREMRK, G
Il %8 A MOR & & #y & 3£ B, HDAC2 & & R 3AH fn, ZBiLey 4% & H3 (AcH3) &Kk KT
Befi;  (2) ARHET 30 min ¥ 40 4t & B AL BRI G 5| SAHA 34 7 X, Foi | 448 th SAHA & & # #
# 1 MOR % B #1 &K KT, Bk HDAC2 & E W RAAT, g & E H3 0 LB KT, "Dy
FA A, (3) AT 30 min % W IE 4T HDAC2 siRNA #4: 3 X, foxt 448 th, HDAC2-siRNA 41
EREH T RAHY A HDAC2 EE Wy Rk, MOR W& U XA n, 4&H H3 th LB LA T
A, PTee e AL AR BE I m; (4) IE ¥ /MR NIE 4T AAVS-HDAC? itk iA 4 #5119 HDAC2 5 28 X,
Foxt B8 A4 th, FHEE A HDAC2 W& B RAA TR m, 4& G H3 8 LB kKT B A,
MOR # 2 & kA KT A B B, Do 4Rk (k. &it: SNE#H LB {55 %8 HDAC2 kiAW
B W LB B AR A B A8 MOR Sk By PR, D e i 48 2R R .
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The increased expression of HDAC2 affects expression of mu opioid receptor in the spinal
cord after peripheral nerve injury *
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Abstract Objective: To investigate the effects of increased histone deacetylase 2 (HDAC2) expression in
the spinal cord dorsal horn on morphine analgesia and mu opioid receptor (MOR) expression in neuropathic
pain. Methods: In a chronic constrictive injury (CCI) pain model, clean-grade C57BL/6 mice were randomly
divided into different groups: @ sham group, CCI group; @ CCI group + Vehicle group, CCI group + SAHA
group; @ CCI + NC-siRNA group, CCI + HDAC2 siRNA group; @ AAVS5-EGFP group, AAV5-HDAC2 group.

Thermal withdrawal latency (TWL) of the injured side was measured 30 min after morphine injection to calcu-
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late the max possible analgesia effect (MAPE) 3 days after surgery, and the expression level of MOR, HDAC2
and AcH3 were detected by Western blot and real-time fluorescent quantitative PCR (qRT-PCR) on the 7"
day after surgery. Results: @ Compared with the sham group, the analgesic effect of morphine was reduced
in the CCI group, the expression of MOR in the injured side of the spinal cord dorsal horn was decreased, the
expression of deacetylase 2 (HDAC2) was increased, and acetylated histone H3 (AcH3) of the injured side
was decreased on the 7 days after surgery. @ After intrathecal injection of deacetylase inhibitor SAHA before
surgery for 7 consecutive days in the CCI group, compared with vehicle group, SAHA improved the expression
of MOR, the expression of AcH3 expression while decreased HDAC2 expression level, resulting in enhanced
morphine analgesia. @ After intrathecal infusion of HDAC2 siRNA for 3 consecutive days in CCI group, the
expression of HDAC?2 in the injured side spinal dorsal horn was decreased, while the MOR expression
level and acetylation of H3 were increased, resulting in enhanced morphine analgesia. @ By over-expres-
sion of HDAC2 in the spinal cord dorsal horn via intrathecal injection of AAV5-HDAC?2 into normal mice,
HDAC?2 had an obvious augmentation in the injured side spinal cord dorsal horn 28 days after the injec-
tion, the expression of acetylated histone H3 was significantly decreased and the expression of MOR was
decreased either, resulting in lower analgesic efficacy of morphine. Conclusion: The increased expression

of HDAC?2 after peripheral nerve injury leads to a decrease of MOR expression in the injured ipsilateral
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spinal cord dorsal horn and lower analgesia efficacy of morphine.
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Z RN B R VEFI i I B 7 A REE
HIF=E &S, W NE LA %, & 2017 Fit:
R LA 425 LHIBE RN Y, Hrp 24—k
A5 0 R ) R e 2 B AR e A — IR AR
FIE TR, 2.6% 5 1 IR AP A8 S350 1,
H Fi X T4 2055 BEAE R 16 97 ULPU I R 25 Bl
HRZIE N — 2250, K] SR 25000 #4808 BEVE 0
MR, CEEARKRIEIT RN & —4H
2 U1, xR B BN A Sl s B R
AN JE R IR E  Tu AT X B & RS & JLIEM &
SR EREZORIR L B F 2 A FIA PR A R KR,
[R] I A2 B 52 A4 3R 3K AR AT PR ATL ) Ko 388 5 P St o
225 3 L R S LR S ) M AR A L B

KB =BG DNA R EA, AEANC
BEfk. 418 A0 H AL, LncRNA 25 U2, K3 K%
DNA J7 71| A% 1) 25 PR 3 08 A 2 i mT i, ] 4%
B4, FEPSRIIF A RLERy, LR &t
8 3 e A 1 L R b v R L R
NGO ARIIEARLE R, R A Lk 2 i B 4%
SR N RS AR /N S S | e s P R (O S T = |
F e, SR 25 20k Ak JU) 4 {45 ) B0 AT AR
FIF#E 56 U Bl Liang 25 U R 80K RAE % 1
R B AT 2R B R AR T N MR AT B B Y
FALE A0 AL B B . Hou %5 PV & /e

HDAC2; MOR; SAHA; Neuropathic pain; Nerve injury; Spinal cord

Jed R A R H | £ WE AL 2 (histone deacetylase 2,
HDAC2) Wik hn, <= FEARIR % = BOf Hoe g
M KCC2 ) HiE. B, 754w B 0 15
T, FHETE AR 324 (opioid receptor, MOR) f]
/b S5 HDACs FEUN A 5 H SIALFRIRH
KAFFE— DR o AW FL B B S TE i 8 5 21
PEPERTE DL T, B4 719 BOA i HDAC2 /74— M2
& HB B RN, MOR Rk E K, @il M
HDAC2 (455 5N — 2448 RNA HRFRCE
BETT 1 HDAC2 750229755 BRI ZERR 175 100 T 48 v 7T A
Wi MOR FIAIPEAC, @ mME SR RS, Al
PR R T 2 B R IR T iRt — 55 .

7k

1. E B AR

3 R K G R SR (SAHA, S1047, Selleck
AT, HhEREHE QLR ERARD , e
ZEY CEHE#IZE]) . Anti-MOR $ifk (abl0275,
Abcam A]) , Anti-GAPDH $iif& (AF0006, Beyotime
AT, Anti-HDAC1 $ifk (ab19845, Abcam AH]) ,
Anti-HDAC2 $ifk (#2540, Cell Signaling Technology
AF]) , Anti-HDAC4 $Hifk (#2072, Cell Signaling Tec-
hnology /A &) , Anti-HDACS ik (#20458, Cell Si-
gnaling Technology /A &) , Anti-acetyl-histone H3 T
(#9649, Cell Signaling Technology /A ) ; Anti-His-
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tone H3 Fiif& (#9715, Cell Signal Technology A #])
Anti-NeuN Fif& (ab104224, Abcam A @) , ]
R4 (Meilunbio), #REMIIEA Crp [E 24 R
BRI ERE AT o

2. SEIR B

C57BL/6J /MR, HEPE, fRE 20~25g, HIWML
KEEE B SE i R O3t . i E T 24+2°C
FiR T, 12 W12 h BRI, B HEEEK. fE
SEIS AN PIE NS 2 K JE NS .

3. AR g B A A A

SR SCHR PV AL 8 M R M (chronic con-
strictive injury, CCI) #f £ 55 BE P I A AL, G i v
S ELEL 240 40 mg/kg BRIFE, T AT I BE R RS
FYIA, e Sk, BREEABEME LKL =A%
Y HEMpRR . HEEARERHEM L, F 6-0 248 H
LB Z X A R S5 3L 4 T8, FABERE, DA
1 R 8 UL PRI LB kA £, TDPE 1 mme R
FARAAM CCrLAAMEL, HBFHALEI, HpPERY
HE. ZEZEFRDIO,

4. G JE AR (thermal withdrawal latency,
TWL)

K FH AR SR, I /N B A 0 44 5
B e /S R A IS TWL. B A B3 B 4R
BT 3 mm ERIENR L, 1% Hargreaves ¥ * [
IR SRR SN R R R, BRI E AN R T
I 46 R ] 3BE IR 18] Ay TWLo R 35 o 5 3 36 Oy S 7k
fH8~12s, TEBALIEFLER—3, A3V
Wi 8] 0y 20 s, DA Auid BRI S B4 . ik Bk
Y3/ 11T — IR OnT i I ) 38 Ak R I R PR s e, [
— FBASE I (B B BT (8124 2 min, LR E 3 IR,
B3 I E N/ B TWL A

5. b ) BRI R

i1 Mao %5 "V TR, ARJE 7 KR T G0 e
1.5 mg/kg. EFARF GELERID M HEE S5
30 min (SR HAD AT TWL W&o A ik ]
JE N 20, K AT BEBUH AN H 4 H (% MPAE) =
[ OB R IA-FELRTEARIA) / (BRI B] -3 2R 7B AR
) 1X100%.

6. PRI

/NERIEVRIREE T, 27 3 S BRAR O v AR 3 h
7K (20 ml) F1 4% 2 5 HBEE (20 ml). HU Ly-L, 719
BHHE, 16 4% ZRHBERTEEERE, B
15% REME, 4 CiER, WKBEHRIUR,
A 30% FEMEATR, 4CHR, BiKEHADUR. 1
FOKEEY T, & 10 pm, 5T e BH S 7 3% v 1,
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o AAEHE E, A EA 0.3% TritonX-100 1) 5%
AE=IEE A 1 he 1 h JEMAEH —HiHT NeuN
(1:200), —FHuht p BT ;v 3244 (1:200), — Pt & B
T HI 418 A H3 Hi4k (1:200);  —PiPi HDACI Fifk
(1:200), —PiPi HDAC2 (1:200), —PiPi HDAC4
Prik (1:200), LA K — i $t HDACS $it f& (1:200),
ACHFER, PBS #¥E, 3X5min, I T Alexa
FluorTM 594 d ¥4t (H + L) (1:500), Alexa Fluor™
488 Y4 B, (H + L) (1:500), DAPI &ttt , H i3t s
BT IR E RS T L.

7. Western blot %

BN BRI S b BE,  PROEEH Ly, T BOEHE IR
ANWBES, B -80CIRMF&H. wEASRI: KL
TATHER, Kb EAH U E Tk, 400 pl 21#E
7 (RIPA:PMSF = 100:1) IR A, 3] & 2R A,
WHEELS), BB VCEER B T 1.5 ml EP &,
UK L% 30 min J5, 4°C 13 000 rpm 10 min, H{ L
JE T 1.5 ml EP &, 4% BCA S EFEAERA
WEEJG NN 5X R 4% vl S R v R 28 31 B —
FEAIRFEAHE, 100°C @i =2 5 min. B 50 pg
B AFEARTE 10% 1) SDS Tl i _F ik, %5 5
RIRAERE 80 V, B 120 V, IBIEKBEARBEE
PVDF JIi5 I, 5% AWk £ 1 h 5205 5 —dibt
BT 324k (1:1000), —Pibt LML IZ4HE E H3 Bt
& (1:1000); —PiHidl s E H3 Pk (1:1000); —Hi
Pt HDAC1 $ifk (1:1000), —PHidt HDAC2 (1:1000),
— PPt HDAC4 $Hi4k (1:1000), LAK—HiHi HDACS
LAk (1:1000), 4°CHFE o &; TBST #k ¥ iF U,
3 X5 min, JIABUR IS S A EEEEARIC T (1:5000),
FIRIRG W E 1 hs TBST #RF M, 3X5 min, fif
FHl ECLwestern blot frll{X 25t . W62 5 457 K
FH B 1 B30 B P A YA 3 b 30 min, 2 J5 HE T
B HABPUA, HE4T PVDF 2 A BN i i) B 2 R .
FT 158451 4 Bio-Rad /A 7] Quantity One 4.6.2 #FF
SE BRI HTALER o

8. %I E & SEI PCR

BN BRI S b E,  PROEELH Ly, 1 BOFHE IR
ANBE AN, -80° CIRIFEA . & RNA $2H: K
EFRATEE, #EZ) 50 ~ 100 mg HHE THHE,
B0 1 ml Trizol T-WHEEH, IOANIGEEA, SEATHIE.
FARS T B SRR BT 1.5 ml EP &b, I 02 ml &%
fii, BEHOE, RIZEGHOE, FE2~3 mn.
4°CF, 12000 g & 0» 15 min. HL_EJZ 7K H £ 400 pl
FTHRE O, N 05 ml A EE, HERE A,
15~30°C/i & 10 min, 4°CF 12000 g &> 10 min.

(T

2020/10/25 9:44:05 ’7



rh [E & 5 2 2k 7 Chinese Journal of Pain Medicine 2020, 26 (10)

3 Ly, AN 1ml 75% WK B, ieimiR s,
4°C 7500 g B0 5 min. FF by, R EE SR
5~10 min, ¥ RNA ¥ T 20~30 pl /K. 3 &
FIRNA Jifi &: HU 2 pl A RNA T 98 ul fy7K 4,
R AT OD,g/ODyg, (> 1.8). I 1% Eit i Bl i I %5 52
RNA A TCI5f#. %5 cDNA: BL—#i B 058,
WM R AR 5 RNA (0.1~5 pg). BEHLEI4)
3ul. ddH,O INZE 12 pl. 70°CHEE 5 min J5, K L
=¥ 2 min. TEVK AR T F1i57): 5xReaction
Buffer 5 pul. 10mMdNTP J& & 4 2 ul. 30 %% 5% i
1 ul, 42°CAEFE 60~90 min, 70°C 4 10 min, 15
1B, FRCEVK b Wi S5 1 cDNA Al 4k S824Eh
PCR g N £ T -20C. PCR JxM: 7EUK E%
FI AR i N ddH,O 6 ul. 2xSYBR Premix Ex
TaqTM II Reaction Buffer 10 pl. 2 H 514 0.8 pl.
o, GAPDH 5[4 0.8 ul « ¢cDNA2 ul . 50 X ROX Ref-
erence Dye 0.4 pl. 2 BiAR R BARFA 20 pl.
IREEEIR: 95°C 30 s, 95C 5. 60°C 30s. HENL
P 2~3, 40 75F. 95°C 15s. 4 ABI A7 Ste-
pOnePlusV 2.1 A3tk #5111,

9. BN LAY

% FH Hylden 25 P () J7 v, 85 VESH#E Ly 1
Lo BHEF B2 AGEFHEAT o FEET S N Wk 0 JI5E s
B, ATCLER BN EE PR R, 2R
A= 5~10s, REHKE.

10. HDAC2 siRNA 4524

HDAC?2 siRNA H_F i35 3 AEIRHE A 7 & o
siRNA H Entranster™ f{F {4 YLyl #i ke, BRIk I
218 100 pmol/4 ul, HFIKES LA Z50RF 4 W, RAT
30 min 4524, HESE 1. 2. 333 K. A AR
T B2 AL R 9 1 % R . R I 754 Entranster™ fE

®1 g-PCR PHISIMFSI

Table 1 Primers and sequences used in q-PCR

| T T —6—
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1A Je i, HDAC2 siRNA [ 754 F: 5-CCGT-
GAAGCTGAACCGTCA-3'".

11. AAV5-HDAC?2 ¥ 2 [l Fy 2

R 3 F 15 4 K HDAC2 mRNA [ i kL, %%
T Trizol J7 ik M/ B BB 2H 23 P H2 LS RNA,
DNase [ 408, #RJ54 1 HDAC2 cDNA. # 1 HDAC2
197 540 K : Forward: CCGCTCGAGGCCACC-
ATGGCGTACAGTCAAGGAGGC; Reverse: GCT-
CTAGAAGGGTTGCTGAGTTGTTCTGACTTG.
Rk, ¥ HDAC2 cDNA 1 AR 3 i kL (pAAV-
MCS) . DNA 7 F F561E cDNA J7 51| fil #4158
B . #5451 cDNA IR BRI, 4/ PEI
LTk, P15 HDAC2 s sR i 4 b i
(EGFPr), pAAV-DJ-RC Fl pHelper [{] pAAV-MCS %
Y DHSa 2. 3 KRG, WS40t
BIFEELMTE DMEM H. 1E 4 IGRMER G, DA
10000 g &0 10 min Y5 AAV 3B, JHEH AAV
Puri fication Standard Kit (Cell Biolabs, Inc) ¥4 .

12. Geit22 500t

K FH SPSS 13.0 0 S 58 2 Hs ik A7 et 53047
H Graphpad Prism 7.0 A2 st &158, Image] 2.0 AbFE A
Fro FTAHE R R R B £ AR (X £SEM)
Foon. ZHNICECRHESWER 7208, Wk
ELBCKH ¢ K3, P < 0.05 W NZE A ST FRE Lo

s =R

1. A1 #4545 )5 /) BROE BE H MOR Al AcH3
FIEPEAL, HDAC2 FikHhn

TEARSLIGH, /N AR CCT F AR L J Sham
FARHA. fEARE T RKIH /N B AT #E 31T Western

(T

BTSRRI 514 FP3 (53" Flig
Gene Name Primers Sequences 5' to 3' Experiment
mHdacl Forward ACGGCATTGACGACGAATCCTATG qPCR
Reverse CTGAGCCACACTGTAAGACCACTG qPCR
Forward TGATGGAGATGTACCAGCCTAGCG qPCR
mHdac2 Reverse ACCGAGCATCAGCAATGGCAAG qPCR
mHdacd Forward CCAAGCCAAGGTTCACCACAGG qPCR
Reverse GCGTCCACGGATGCACTCAC qPCR
mHdacs Forward AGCACCGAGGTAAAGCTGAG qPCR
Reverse GAACTCTGGTCCAAAGAAGCG qPCR
mOprm1 Forward GGATCGAACTAACCACCAGCCAAC qPCR
Reverse GGTTCCTCATTCCTCTGTCCATGC qPCR
mp-actin Forward CTACCTCATGAAGATCCTGACC qPCR
Reverse CACAGCTTCTCTTTGATGTCAC qPCR
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blot. qRTPCR LA J % %% ;. Western blot fi 7R 4
JARREA JF I Ly-L, 75 B MOR B2 H %
BRI (ALE 1A) , HDAC2 HEAFEM I (LK
1C) . HDAC1. HDAC4 fl HDACS & FH & ik &k
AHE (W 1B, DR E) . #h&iliG 7 R4E
F 1 LA K B B FRAIC (UL 1F) o qRTPCR &
7~k MOR 5 HDAC2 mRNA [#) 351k 7K 7l 2 4 7K 7

A B

MOR [ HDAC1
GAPDH [ #— GAPDH

0.8 1 0.8
= I
I [a)
£ 06- I % 061
) * Q T
g 0.4 4 Q 04
= S
2 024 3 024
g 5
[\
0 : 0 -
Sham CCl Sham CClI
E F
HDACS [ acts |
_ 0.8 0.8 1
I
£ 06 2 06 [
5 ° I s x
8 5
Q 04- £ 044
a o
L E=1
3 024 g 024
=
[vd
0 - 0 -
Sham CCl Sham CClI
I J

1.57

0.5 1

Ratio (HDAC2/p-actin mRNA)
o o
!
H
Ratio (HDAC4/B-actin mRNA)
o =
o &)1 o
L L
-

Sham CCl Sham CcCl

23]
-

| T T —6—

(T

T [ A 25 2% 24 & Chinese Journal of Pain Medicine 2020, 26 (10)

FA—F (WK G-K) , i HDACI, 4, SmRNA 4%
AR 8o S 9% 6 7k MOR 3 838k 7R B BE 7Y
7k Z, HDAC2 EERIATEME LM AMMAZ, i
AcH3 N ZRIEMEZNER (LK 2) .

2. [ A B HDAC2 [ 335 7 14 il MOR 3%
ik, BRI AR 1

/N2 N7 Sham 2H (Veh-Sham), ¥ 75 CCI

C D
Hoac2 | voacs. [

_. 0.8 . 0.8
a * a
% 06 % 06
Q Q
I =3 T
Q 044 T Q 044
o o
z z
S 024 3 024
= =
[\ [\

0 - 0 -

Sham CClI Sham CClI
G H
= _ < _
% 15 z 1.5
x £
E c
£ 1.0 = x g 1.0 T
® &
< -
g 2
g 054 3 0.5
= z
5 2
€ 0 r g 0 r
Sham CClI Sham CClI

K

1.517

0.5 1

Ratio (HDACS5/B-actin mRNA)
o o

!

L

Sham CcCl

S Z 55 S BN R BT MOR A1 AcH3 £k %MK, HDAC2 £k (x £SEM)

(A-F) Western blot /R4 7 RGN Ly-L, 17 B #E% 8 H 31L& . MOR Fl AcH3 RIAF#K, HDAC2
KB, HDACI, 4, 5 BUAWE, 7=6 CGRRMT 6 KEHR, H4H 4 1) ; (G-K) qRTPCR T4 55
JE B BESE A mRNA (IREE, BHBEAMEAEAR—S, 7=4 (GHH3 D

*P<0.05, CCI#15 Sham ZLAHLL

Fig. 1 The expression of MOR and AcH3 increased while the expression of HDAC2 decreased 7 days after peripheral nerve inju-

ry (¥ £SEM)

(A-F) Western blot showed the expression of proteins in segment L;-L, of the injured spinal cord 7 days after surgery. An
obvious decline was shown in the expression of MOR and AcH3 while an augmentation appeared in the expression of
HDAC?2. No obvious change was found in the expression of HDAC1, HDAC4 and HDACS. 7z = 6 (means 6 repetitions, 4
mice in each group); (G-K) qRTPCR showed the level of mRNA after nerve injury, which was parallel with the tendency

of the proteins change. 72 = 4 (3 mice/group).
*P < 0.05, CCI group compared with group Sham.
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2H (Veh-CCI) LA & SAHA-CCI 21, £ SAHA-CCI 41
A BT 30 min 85 4 33 B HDAC )32 #1111 5] SAHA,
HELE TR, DAFRR{K HDAC2 #ik. fERJGH 3 KIE
Jes VE S HE 1.5 mg/kg 5 30 min & /)N B A5 0 44
TWL 18 i1 5 "5 1k ) MPAE. 45 5% W] 5 Veh-Sham
AL, Veh-CCI 41M31HEf MPAE B 2 FEAI%, 1500
TE P 28 995 35 M 00 185 0 T Pl e B A R PR AR
1M ¥4 W 9E 5 SAHA3 K55 Veh-CCT 41AH Lk, nhm
FA) BRI 00N S 35 8 (LB 3A) . Western blot 1
qRTPCR W R ARG 7 K455 715 B HDAC2 & H )3
IEFFK, HDAC2 mRNA /KFRHE (LK 3C. F) &
[ SAHA AJ LLRE i 4701 MOR )8 3R I8 & DL
Je A3k MOR 2[R (1% 3¢ (WK 3B, B) , 4
HAH3 M AWKE (L 3D) o Fk, SAHA
X HDAC2 1A 140 i 1 ¥ 58 {2 4 MOR [ 3K I8,
AT 8 5 P 4 A0 5

3. B BE HDAC2 [ 323K n] B9 453 45 1l 4 &
1) MOR 1 AcH3 ik

BN B 2> N TR CCT 4. (Veh-CC),  BH 4 %o} iE
CCI 41 (NC-CCI) A f2 HDAC2 siRNA-CCI 4. (Si-CCI).
i I Y P VE S HDAC2 siRNA P& #4005 B 9K
IR 1 0L T 8 BE HDAC2 1) 3R 8 Sk e H 8 A
HDAC2 X} MOR & 75 & %5 /F . & & Veh-CCI
A, VAHERRE SRR . £ AR FT 30 min #5EAN
HDAC?2 siRNA % NC siRNA, %E4:3 K. R 7
RIS HE 1.5 mg/kg, 30 min Ji &/ B 545500

Protein NeuN DAPI

MOR

AcH3

& 2

——

G978 MOR FEE RSB MK E LI, 5 H B0 IR H FIARME; HDAC2 8 HE 5 WM&

e 735 -

TWL. KILE Si-CCT 28/ B A 0 e ) B0 1 FH 42
Z1m (WL 4) . Western blot 5 qRTPCR 7K,
5 NC-HDAC2 4B /NERAHLL, 7E58 7 K, siRNA
A FRAABETS /i h HDAC2 25 A mRNA /K & 3
FEA% (L 4C. F) , AcH3 HU/KFEZFE B (I
K 4D), MOR [1) 8 [ 7K AT mRNA 7K B S 38 i ¢
Kl 4B. E) . #5275 M A HDAC2 siRNA
TE PR HDAC2 232k () [RI i AT DLRH 5 18 i 45345 00
B MOR Fll AcH3 £ ik, DL LS REWETHL M
H HDAC2 (1987 7] 838 i 8 ) MOR % [A J5 3) 7
SEBALIN L EAE T3 MOR RIA HI 38 I

4. HDAC2 i RIABEAKIEH /N A 8E TS A
MOR ik

F/NER 2 9 AAVS-HDAC2 F1 AAVS-EGEP 41,
I8 AR ST AAVS-HDAC? i #4446 HDAC2,
DL AR L HDAC2 7E i 22 955 BE 1k 7 i 2% 3k 1 T i
SRR, TE R Lo A [R] B P 3 5 EE 4 IR A G
B 5 (AAVS) RSLULEEZTTBREME ARE 2K
HDAC2 (AAV5-HDAC2). X555 28 K, FIXTHE
AL, /N R E TWL, 50 HE ) MPAE,
AT R I8 HDAC2 Ji ' HE 485 Ak BE BRI CILIE
SA) , [FAIl}, Western blot Al QRTPCR {7~ HDAC2
[t A B 7 MOR A AcH3 %A KT Hph
M. AAV5-EGFP A2 274 MOR & H /KF (UL
5B-D) . qRT-PCR & 7~ i ik HDAC2 %f MOR ]
G MsIE R (LK SE. B) o % BTk, MOR

Merge Sham CClI

100 pm

100 pm

CHEhR,

LA MFIB O A IE N, AcH3 fEA ) 2 3R0k, SR, tha i i A Eon A RIEFEK. 4t H

PREEE; Rt AT
Fig. 2

Wt Aift%  #RR=100 pm
IF showed MOR located mainly in the I-II layers of the spinal cord while HDAC2 and AcH3 expressed widely in the

spinal cord. Both of them merged well with nucleus. An obvious decrease was shown in the expression of the MOR and
AcH3 and the expression of HDAC?2 increased in the CCI group 7 days after surgery. red: target protein; green: neurons;

blue: nucleus. Scale bar = 100 pm
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*P < 0.05, SAHA-CCI 415 Veh-CCI ZHAHLL; P <0.01, Veh-CCI 415 Veh-Sham ZHAH L

Fig. 3 Decreased HDAC expression is associated with increased expression of MOR and enhanced analgesic effect of morphine
(X £SEM)
(A) Compared with the Veh-Sham group, the MPAE of morphine is significantly reduced in the Veh-CCI group 3 days
after surgery, 72 = 6 mice/group; (B, E) The expression of MOR protein increased and the level of MOR mRNA increased
on the injury side of the spinal cord 7 days after intrathecal administration of SAHA; (C, F) 7 days after intrathecal
administration of SAHA, the expression of HDAC2 in the spinal cord is decreased at both protein level and transcription
level; (D) SAHA promote acetylation levels of histones, 72 = 6 (4 mice/group); (G) Immunofluorescence further confirme
the expression change of each protein in the spinal cord 7 days after intrathecal injection of SAHA. 7 days after SAHA, the
expression of MOR and AcH3 increased, while the expression of HDAC2 decreased, 72 = 4 (3 mice/group). Scale bar =100 um
*P < 0.05, group SAHA-CCI compared with group Veh-CCI; P < 0.01, group Veh-CCI compared with group Veh-Sham.
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FiE HDAC2 34 in#5i (5 00 # i (¥) MOR Hll AcH3 ik (X £SEM)

(A) #ATESS HDAC2 siRNA J5 7 K Si-CCI A e MPAE B 5T NC-CC1 4, ZRESH¥EN, n=6 (&
HHH 4 R ; (B-D) Western blot /R #PI45 HDAC2 siRNA7 KJi, MOR EF/KFEHA1, HDAC2 & F/KFFAK,
AcH3 & FKFEHIN, 72=6 (FR4LH 4 ) (E, F) QRTPCR - #H A% HDAC2 siRNA 7 K J&, MOR mRNA 7K-F1 1,
HDAC2 mRNA /KFR#E, 72z =4 CHRHM 3 ) 5 (G) R ERTEL HDAC2 siRNA J5 % 8 /K I B 2s,
LA, 4 HDAC2 siRNA 5 MOR 1A, HDAC2 RIAFHK, AcH3 Rk, 72=4 CHZ41H 3 D
PR =100 um

*P < 0.05, Si-CCI#H5 NC-CCI ALk

Down-regulation of spinal cord HDAC?2 increases MOR and AcH3 expression in the injured side of the spinal cord (X =SEM)
(A) The MPAE of morphine is significantly higher in the Si-CCI group than in the NC-CCI group, 7 days after intrathecal
injection of HDAC2-siRNA. 7z = 6 mice/group; (B-D) 7 days after intrathecal administration of HDAC2 siRNA, western
blot shows the expression of MOR and AcH3 protein levels increase, while HDAC2 protein decrease. 72 = 6 (4 mice/
group); (E, F) qRTPCR shows an increase of MOR mRNA levels and a decrease of HDAC2 mRNA levels 7 days after
intrathecal administration of HDAC2 siRNA. 7z = 4 (3 mice/group); (G) Immunofluorescence shows the changes in the
levels of each protein after HDAC2 siRNA administration, the expression of MOR and AcH3 protein levels increase,
while HDAC2 protein decrease. compared with the Veh-Sham group. 7z = 4 (3 mice/group). Scale bar = 100 um

*P <0.05, group Si-CCI compared with group NC-CCI.
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Fig. 5 HDAC?2 overexpression downregulates MOR expression in the ipsilateral spinal dorsal horn of mice (X £SEM)
(A) 28 days after intrathecal injection of AAVS-HDAC?2, the analgesic effect of morphine is reduced compared with the
control group. 7z = 6 mice/group; (B-D) Western blot shows that MOR expression is decreased after overexpression of
HDAC?2, while HDAC?2 expression is increased. Overexpression of HDAC2 decrease the acetylation of histone H3. 72 =6
(4 mice/group); (E,F) qRTPCR shows that HDAC2 mRNA levels are increased after overexpression of HDAC2, and MOR
mRNA levels are decreased. 72 =4 (3 mice/group); (G) Immunofluorescence shows an increased expression of MOR and while
inhibite the expression of HDAC?2. The acetylation of histone H3 increase as well. 72 =4 (3 mice/group).  Scale bar = 100 pm
*P <0.05, group AAV5-HDAC2 compared with group AAV5-EGFP.
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