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Role of NDRG?2 in the dorsal horn of the spinal cord in rats with spinal nerve ligation of neuropathic pain
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[Abstract] Objective To investigate the effect of NDRG2 on neuropathic pain model rats with
spinal cord ligation (SNL) in the dorsal horn of the spinal cordby using intrathecal NDRG2 adenovirus
(AD-Ndrg2-RNAD. Methods Forty-two male SD rats weighing 180-230 g were randomly divided
into sham operation group (7 =6) and SNL group (n=36). SNL group underwent lumbar spinal dor-
sal ligation. The sham operation group only exposed the spinal nerve without ligation. The mechanical
withdraw threshold (MWT) and thermal withdrawlantency (TWL) were measured at 1 d before op-
eration and at 1, 3, 7, 10, 14 and 21 d after operation. After the behavioral testing, the rats in SNL
group were sacrificed and the lumber segment of the spinal cord was removed to test theprotein and
mRNA level of NDRG2. Another forty-eight male SD rats were randomly divided into 4 groups after
intrathecal catheterization (n=12): group sham operation with saline (group CS); group sham oper-

ation with adenovirus (group CA); group SNL with saline (group SS); group SNL with adenovirus
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(group SA). The rats in groups CS and SS were treated with intrathecal injection of normal saline 10
wl on the third day after operation, while groups CA and SA received the single injection titer of 2X
10° PFU/ml of AD-Ndrg2-RNAi on the same day. The rat plantar MWT and TWL were measured at
1 d before SNL and at 1, 3, 7 and 10 d after SNL. The rats were sacrificed after the lastbehavioral
test. Lumbar enlargement of the spinal cord was removed to test the level of NDRG2 and GFAP pro-
tein. The expression of NDRG2 mRNA was detected by real-time fluorescence quantitative PCR.
Results Compared with sham group, the MWT and TWL was significantly decreased and reduced in
SNL group 1. 3. 7, 10, 14, 21 d and 3, 7, 10, 14, 21 d after surgery respectively (P<Z0.01). Com-
pared with 1 d before surgery, protein content and mRNA expression of NDRG2 in the spinal dorsal
horn of the SNL group were significantly decreased 1 d after surgery, and they were significantly in-
creased on the 7, 10, 14, and 21 d after operation(P<C0. 01). Compared with group CS, the MWT
and TWL were significantly decreased and reduced in group SS and group SA 1, 3, 7 and 10 d after
surgery(P<C0.05). MWT and TWL on 7 and 10 d were increased significantly in group SA (P <<
0. 05) compared with group SS. Compared with group CS, protein content and mRNA expression of
NDRG2 in the spinal dorsal horn of group CA were significantly decreased, and increased significantly
in group SS 10 d after surgery (P<C0. 05). Compared with group SS, protein content and mRNA ex-
pression of NDRG?2 in the spinal dorsal horn of group SA were significantly decreased. Compared with
group CS, the protein content of GFAP in spinal dorsal horn of group CA, group SS and group SA
were increased significantly 10 d after surgery (P <C0.05). Conclusion Intrathecal injection of AD-
Ndrg2-RNAI significantly inhibits neuropathic pain caused by spinal cord ligation in rats, suggesting

that NDRG2 in astrocytes is involved in the development and progression of neuropathic pain.

[Key words]

ol 2 5 B R 2 v SRS i 28 R M A R ) RE
Wi BT IR B RS P BT EAGE  BE T A
DAL EEE T TS0 240 L 1% 9800 A A 22 B O 4 £ o BORS
T OCHAME MY . Nemye FFM W H 2 (N-mye
downstream regulated gene 2, NDRG2) & T 4F 3% #r
R — Tl 5 200 i 1 55 Ak LA K 2 b A 3R
AHOCHY B, e A0 A rh 9 38 s 15 Bt s i 22 &
GipRA LRI R . JF BLEA MR il e,
TERGAR XM 2 R G, NDRG2 EZRIAEEIE
JOE 5 A M PN 3 S Y R S B A0 %) T S R Y
55T I J5 A ML 52 17 1 R S F 200 i B R R - 2T IR
Wgh 2 A, ok A BE B OB B 40 M s, % T
NDRG2 5 2 B 5 40 M 14 S R AR DG . LR BB iR
Jo A M A 22 BEPE R TP K B R B AR T, X
NDRG2 76 M 225 B Hh ) 98 55 S AL okl 2k 4%
BYVE TR 5, b T 08 14 122 900 Sl 1 6 il AfF 5 0 Il IR
CIFHAEEEX., HETNIE. &T NDRG2 5Hi£
o BRI 19 OC 2R 1 A DI, A Sl i WA s B
22t ¥, (spinal nerve ligation, SNL) K FE %61
W NDRG2 3 & i 22 4k, LAl NDRG2 T4 B
i #E (AD-Ndrg2-RNAD WA SNL K AR5 17 8 4
AR, BT NDRG2 78 #2895 BRI Hh &4 1Y
YEF 5L .

MRETE

EFWmahhE ol HIEREME 2 A SD K
BU, AR BE e & R 22 B AL (2016DWLS-0302) , &

NDRG2; Neuropathic Pain; Rat; Spinal nerve ligation

#H 180~230 g, LI HPIERST . H—EB5r, B 42
HR B 23 W 2H . R T AR (sham H, n =
6)F1 SNL 41 (n=36), ML RE N EE . 6 3
gy R AMALEFE R, 5B 48 HR R MLk
PUZH (n=12): sham+AFEL /K 2H (CS 4H) .sham+
AD-Ndrg2-RNAi 4 (CA 41) . SNL + 4= B £5 7k 21
(SS 41)F1 SNL+ AD-Ndrg2-RNAi £ (SA #41) ., I
RN EE G

HHRAH & R Kim 09725145 SNL
BAL, AREREH L BEKENIT I R, B
PESY B R N i BRI MESS LI . ZR 68 A4 I Lo B 28,
W L, MR G, 28 L, BME, sham 4 {UREE
L, BAgANgE$L, SNL 4 5-0 24454, A
KMk E, TWO Ik, ZFEZEZEESGD .
ARERRPEFE TR, gFF=HREAE 25°C, AR
HHOKRE . BT AR5 BOARERE 1 34 .

BARELELH KEMEEEN 100KER
B 400 mg/kg BREF)G . 218 Milligan 25 ik, #
PRI B S5 AE R B L MU BR AT U I, KUK 43 5 fi7
ML, 288 Ly Mt , BB bR R 5 %
FRORPIBE A R B, B R — B K 15 em 1Y
PE-10 R4 L, BB M LM E A 2 cm, B AT
rh e B0 B R N e R B R o R T . A A i 4
KT BRIE 2 RG] R RS e, BusE O, o
VAR Y=E  Seg VNI N =N R Y B i e
G, MEREELE 25°C, ARYE, A mIKKE
. BERI S dJE, HRiEshUae s wE M KR,



I R RE 27 24 i 2018 4F 3 45 34 %45 3 ] J Clin Anesthesiol, March 2018,Vol.34,No.3 e 273 -

ZPEEA UM ZERE 20 pl, ESE 30 s WK
B OB i PR RR 95 30 2 U B O B A R ). B
B R BN A i A i e, Hodr, CS AN #
B ARGE L, KRG 3 d 8BRS 10 pl B4
FER K CA HAL BB AALE I, K5 3 d BT
WIFESF 10 pl W BE N 2X10° PFU/ml ) AD-Ndrg2-
RNAi;SSAHZ5H L, BM&, RiF 3 d i paRE
B 10 pl WA BRER K sSA HHEEHL L, BMHZE, KRG 3
d 8 NSRS 10 pl MBS 2 X107 PFU/ml By
AD-Ndrg2-RNAI,

FAFWE 4 Hf#E A von Frey 22 Fl#ER 5t
W oE KRR M AL M 45 2 B A ( mechanical
withdrawal threshold, MWT) Fll #& 45 & ¥ [k #H
(thermal withdrawal latency, TWL), Frf K1
TEARRAT 1 d W@ SLal MWT Fl TWL, %5 — 34 52
BRRAEARG 1.3.7.10,.14.21 d, il MWT A
TWL, % 8058 K RAEARE 1.3.7.10 d Ml &
MWT F1 TWL, i f} von Frey £F 4 22454 50 % 4
SR W — B AP AH (22 em X 12 em X 22
em) B T B 5L 40 em (94 JE 0 B _E R R BUCAE
B HLBE B A % FRIE N 15 min, H von Frey £F 4k
22 3% FLR ORI S B2 I AR, FF2E 6~8 s,
KB B4R 2 SRR AT AR BV SO . A5 ) A B
PERN . BEJEM 2 g 2F 4E 22 ETF Ih . 4% 1 B
FEAS e 7R BRME SNy, W25 7 A AB K — 9% 77 BE /Y
SR T b B E A s ) & 3 AH 08 /0N — 9 g B Y o
W Wb AT, HE B — KR E .
PR E 4 W, Je R e %l 15 g.>15 g i
Wicky 15 g, BRI E G 30 s, FEA HLBE AR B
T3 mm JEABEES A b A R A I SR R
SR 0 i B R R I A R R AR A AL B B A
FFIEN 15 min, DL 5 mm 6B B 5K R A 2
— B SRR, 2 K R B R 0] sk A
R ARG . A S VIWE R 20 s, AT IEX)
i, HRIR AL SRR — %, B H3
Y aE 6 Yk, FERIAIRG 5 min, 25 R/MRE . B 4
U - S (EAE S TWL,

Western blot #&ml K AT A 22 K5 17 18 1
TES 100K 5 5 BE 400 mg/kg TRIRIE, W7k 4bFE
TR BT R B 1, 0 TR 2 VBT Ok S A S i
GRS R AR, 4C B LR, BRI, A
RS, BRI MAE N EREZ P, WK
10 min 28 {2 ME, Bl® SDS-PAGE #tfk, E#t
JAEATHLYK . BRI, S OMAR A4 W5 (& 0. 05 % tween-

20 9 TBST BL)O# M 1 h, il—+Hi 4CHEEF LK.
TBST WM, IMAZ$H, FiRFHE 30 min J5, 7£
JI 8% K VRS 3 3K, &K 5 min, AIA ECL &%
FZERWF 5 min, /GBI BEMEE, #H
Image J #F 40 NDRG2 Fl 5 5t £F 4k B2 1E & (1
(glial fibrillary acidic protein, GFAP) i) & &,
FH—Hi A =57 4 F . NDRG2 (#5667) .GFAP
(# 3670). GAPDH (GB11002) #1 HRP — $i
(GB23303.GB23301),

LB % k& 8 PCR(RT-qPCR) % BUAAE
F —80°C UKA I BEREA 100 mg, A 1 ml Trizol
Reagent, F] H i %% 5% 3 7 & o 47 36 % % & Wl
cDNA. Ll GAPDH £ BN Z #17 RT-PCR i,
ISP A H B E A S NDRG2 L5 91 3 .
5-AACTTTGAGCGAGGTGGTGAGA-3", T3l
Y. 5 -ATTCCACCACGGCATCTTCA-3', U
GAPDH &HEH & ®E I NS, 1519 5-GGAGC-
GAGATCCCTCCAAAAT-3', FiE31¥: 5'-GGC-
TGTTGTCATACTTCTCATGG-3', qPCR & i
MR . 95 C WA ME 10 min, 95°C A8 15 s,60°C
B K60 s,72°CHEff 30 s, 3k 40 DHER, SR
fii F NDRG2 #1 GAPDH () RNA ¥ B {8 (Ct) Z
22 (ACO AT RIS N 1 Fak &, THE X Y
BEA ] 3 IR 36 38 F (0 22 5 (AACH , 638 22 5 B A5 5k
RQ{E N 272, LIXTBRAH Y RQ 1EH K 1, 45 42 A X
T 1 A,

MLERFEAT 55— BB 3 S 56 A 2H R B I s AR i
1 dMARE 1.3.7.10.14.21 d B9AM 2 JIE MWT F
TWL, ZEREANAHR I 2247 S 273K 25 55 Ak S8 SNL
R B, HOH B8 I KR I NDRG2 1 25 1 7 it Al
mRNA Fikf, W NDRG2 & H &% & Ml mRNA %
IKHEERE SNL I AR FRIK Ak, 55 384 5L 5 DU 2 K
UG E AR AT 1 d AR JF 1.3.7.10 d B AR L JE
MWT Hl TWL, fEARJG 10 d 17 K2R 45 o 5 48—
AEFEA B, BUABENE R AR NDRG2 I GFAP 18
F & &A1 NDRG2 () mRNA %3k &,

%t oA R SPSS 18. 0 B AF #E1T 48 it 4y
Br . IEZS A T R L B AR 25 (o )
Foon . AR ECBCR F A ST REAS ¢ G 50 5l F A N A
B T7 22508, I LR I Tukey ¥ . P <<0. 05
NEFHEGIT¥E L.,

s R

5 sham #H 0%, SNL ARG 1.3.7.10.14.21 d



. 274 - i PR R I 27

2018 4F 3 A4S 34 %45 3 J Clin Anesthesiol, March 2018, Vol.34,No.3

MWT B & [k (P <<0.01), RJ5F 3.7.10,14,21 d
TWL B B 455 (P<<0. 01) s 5ARHT 1 d g, SNL R
Ji 1 d KREBET AN NDRG2 & H & &= U i R
(P<<0.05),ARJ5 7.10,14.21 d Bl 8T+, HARJS 10

dBBETARE 7 d(P<<0.05 (K 1~3),
20

—o— Sham#fl —m SNLZH

15+

10 |

MWT(g)

Oﬁﬁﬁld 1d 3d 7d 10d 14d 21d
RIF
¥ : 5 Sham 4 %, *P<<0. 01
B 1 Sham £A#0 SNL H AR AR B S MWT KB

[\e)
o
1

—o— Sham4] —m SNLZ{

AFild 1d  3d 7d 10d 14d 21d
N
15 Sham # %5 ,*P<C0. 01
B 2 Sham ZB#0 SNL AKX R A RF A & TWL § Lb %

ARG
AEildid 3d 7d 10d 14d 21d
INIDIR 2. 55000 s | 41 kD

GAPDH 37kD
20¢ ab
—_—T1
~ 15}
ﬂﬁ a
R 1.0F
o
e 0.5+
0
ARif1d 1d  3d 10d 14d 21d
7k}ﬁ

W SR 1 dE . P<<0.05; 5RF 7 d lb# . P<<0. 05
B3 SNLAXBRARMAERS A NDRGZEASE
By bk &

S5ARAT 1 d . SNL ARG 1 d KEEHLS A
W NDRG2 i mRNA ik & 1] & &K (P <<0.05),

ARF7.10,14.21 dHBERARE . HRF10dHEST
ARJG 7 d(P<<0.05) (& 4).

4 -

ab

(%)

3+
I
K

4,1

w.allia

Ojcﬁum 1d 3d 7d 10d 14d 21d
ENE
HHARA 1 d A, P<<0.05; 55 7 d H# P P<C0. 05
B4 SNLAKBRABRAEHES A NDRG2 B
mRNA RiZEH L

mRNAZ]

ML KRBT MWT 25 L4153 X,
5 CS4l#, CAARGAFB H MWT 2571
GiiteEm X, SSHM SA ARG 1.3.7.10 d MWT
B IR (P <<0.05): 5 SS A b, SA ARG 7.

10 d MWT B & F & (P <C0. 05) (& 5)
-o- CSZ

20r o CAZL
sk - SAZ]

30
; 10 ab
E T
5T SNL
1 1 1 1 1
AEild  1d 3d 74d 10d
PN
.5 CSH L, P<<0.05; 5 SSH 4. P
<20. 05

5 MAKXBRAEBE R MWT B LL 8

POZH K BROR BT TWL 2% % B4t 8 X
5 CSA#H, CAHARG K MWT 25 L5
PR, SSAHM SA AR 1.3.7.10d TWL ]
B4 (P<<0.05) ;5 SS A L, SA ARG 7.10
d TWL B i ZE K (P <0. 05) (& 6),

5 CSAi. RJg 10 d CA 4E 5 g KK
NDRG2 # M & & W i BEAIL (P <C0. 05), SS 21 # #ff
I K ) NDRG2 & H & & B F+ & (P <<0. 05) 5
5SS IL#, SA HFFREMERE K NDRG2 8 H &
B B REAR (P <<0. 05) (K 7)),

5 CSHE, RJF 10 d CA 44 86 18 i K i1
NDRG2 ) mRNA ik it B i FE Ik (P <<0. 05), SS 41
A RERE K 19 NDRG2 (1 mRNA 33k 5 U8 7t (P



I DR JRR I 27 2% 35

2018 4E 3 A4 34 %5 3] ] Clin Anesthesiol, March 2018, Vol.34,No.3 e 275

T ) ab
=10t :
& SNL
= - CS4
5+ -+ CA?E

— SSZ
- SA4
1

ARAEild 1d 3d 7d 10d

NG
.5 CSHHHE.*P<0.05; 5 SS#H H#,bP
<0. 05
B 6 MAXRAREARS TWL KLLE

CS4l CAZH  SS4H  SA4]

o - o

1.5 a
1

_ b
S0f— T
I a
<z -
ﬁ 05f

CSH CA4L SSeH SAYH

W5 CSHE,.»P<<0.05; 5 SSAH & .»P<C0. 05
B7 MAXBRARRE10dERKERKXKA NDRG2 ER
SENLE

<C0.05); 5 SS 2 Fe#r, SA 4% 36 B g K NDRG2
A9 mRNA ik 2 B 2 AR (P<<0. 05) (K] 8)

40
35t a
= T
0% 25+
)
® 2.0 F
=15+
Tiof . b
0.5 F
: ™ ]

CSZ CAZ SS4H SAZH

.5 CSA A ,*P<<0.05; 5 SS 4 Hh#k,» P<<0. 05
B8 MAXBARE 10 d&BEER KK NDRG2 i
mRNA RIZEEWELE

5 CSHE, RJF 10 d CA.SS.SA 4 # B g
fZ R GFAP & H & &3 & 7k & (P <<0.05),
CA.SS.SA =41 GFAP HEH & ® 5 L& ¥
X(E D,

CSZ4H  CAH  SSH  SAH

GAPDH & o S S S 37D

15¢
. a a —‘?—
R 10} — ——
it
&
ﬁ 0.5

CSZH CA4] SSZH SAZ]
.5 CSHY H#,*P<<0.05
B9 MAXBRAF10dEHEH KN GFAP EESE
FY bb 38
it it

A A5 BB R, SNL K EURM G B MWT

ARJG 1 d BB, 78 10 d 4 BER IHE, 2
JG e FIF TWL RIS 1 d W 4655 .78 10 d £ 4
AR, Z R R K, R b2 M R
FERIE ST BT, RJE 1 d KECE#E /A NDRG2 &
FI & Al mRNA £k i B B REAL, 3 d PRI,
F 10 d iR B &g, HATBRRERESARF MWT
M TWL [A 4, NDRG2 JLF 43 335 78 2 I8 i i
28 A P 0 i e R R M IO A4 A 1 U8 % VAR
KB ARG Bn SNL AR J5 B 8615 M 2 Y i
A ) GEAP B AR 68 AR , AR WFIE 25 5 5 HAH
W, I, R EEWE ARG 10 d BT AN
1) NDRG2 5§ GFAP ik, Sham 20 K 5B i3 5
AD-Ndrg2-RNAi 5, 8 i I8 NDRG2 1) H
RN B S AT U B REAR, OR8N TS AD-
Ndrg2-RNAi s T4 # % h NDRG2 ) %&ik. A
HRETS AN GFAP MO & B A&, #2785 0 ik
JEH T NDRG2 X GFAP §# i 7E ok 55 . 5 2
GFAP &&ETHE . mAR MWT 1 TWL Jf T &
BUE, BoRTERA M A AT, Bain] iR
T8 e T 248 O 335007 A, 0 S 25 5 | bft 28 3 BP9

SNL A J& R BUH 3B i FRAIC, A 3675 /A P GFAP
FI NDRG2 25 17 1 35 B 5T, B2 78 A1 J il 2 4
P LIRS TR BT e 5 48 Aok B S [ B
NDRG2 # # Ft & . #5 W 4 AD-Ndrg2-RNAi F,
GFAP &2k 5 K51 2# 5% L, NDRG2 &
B R, MWT B2 75, TWL Eﬂ%ﬁkﬁ,hmﬁjﬁ



« 276 - I R JBR B2 24 7 2018 4E 3 A4 34 &4 3 ] Clin Anesthesiol, March 2018, Vol.34,No.3

HHETT A NDRG2 (194635, #4005 LM 1 480
YR58 X St B A 52, @8 NDRG2 & & T
ARES 5 T AR BRI A0 & A AN

it 22955 BV R 2 PR AR 2 R G0 R R TR B E T
il B 1 T 9 & 55 R R, B TR MR R Y —
Fir, TTRIEA [ & MR R S B 5 R AR
B SR A I R AR . BT X PR 2 s B R A 9K
MU A T A A5 A B . H B A 1R 5% S o /0N e I 4
M2 5 P08 0 & AR W B TR T S I 440 L 7 #4895
BRI Y R B Beh R T SO EE AR .

NDRG2 H PR 2 35 45 5 7 A IR — A e PR K G —
NDRG ZR 5 W i B 51 22— TEM L 3 ) ) AR b 28 3R
4 (central nervous system, CNS) H 77 H ¥ M H
Fik, WA PR Z R G, NDRG2 B HKIAE
ST B4 M Y, AE /N 40 B 5 R 22 e LT TS
Fik, Araya-Callis %51 38 08 G 028 98O 5L 56 3 — 2 0F
52, NDRG2 F 2 4 B T i ot 40 Jf i) 40 Jf ot vh 5
GFAP A5, GFAP J2& & I i J5t 240 A iy v ] 22 4R 2
FI s o B R B Al A TG A i B i br i 25 1A
FELE SR R . X P 3R KRR 48 8 NDRG2 1] fig 5
LT G o 440 L ) 98536 A DG . B NDRG2 AJ i o 2
5 BV T AN B AR B A D) BE . E 20 R Y 5
B RE—ENIER. AR ER, KN
Qb ) 52 vy M BT I S5 4 L NDRG2 R34 B g B AR
57 FE O 1 BT e 5T 4 it i NDRG2 3% 3K J2 B AR
(4o BRI J0 440 A 458 495 Ak T2 ok %) g o i 9 A 6 5
R/ NDRG2, 878 73X 8 [ & B A A G A
T JE I 4 L v R 35 AR

B B B 40 i NDRG2 & BB T £
CNS B W58 gk & 3. 76 WA 4 #% 9% (parkinson
disease, PD) /N AR b, B B 5 40 it 9 746 4L
A DU 3 — 2 i i 2 O A VR R e B T AR 25 1
2 TEPEAE T . 1 NDRG2 0] R4 i) & 8 i ot 4
M358, B PD B3 K B B b NDRG2 % &
FH i g N T RE 5 0 T B T 41 i 8 TS 1k A
I A0 b 8 B 6T . A, NDRG2 5 5
AR A BETE H At CNS 9 v A 45 i 5 83 ) A dole ot
PR A a0 A S8 B R NDRG2 & — 4> hif
WO VLR L 5 R e S5 4N A %) 8T N B =2 i R 1
RAE N A G, NDRG2 A5 4 i 0 380 i 7T BE 2
— M N R s R LS . B ET, X NDRG2 7R
it 285 B R AR DG AR FBL I B S 9T, S A AR
UGB ST A . AT LA b2 s L AR R KRR
BRETT AR R Y R A0 R R, B RE T AN

GFAP & & U B THE . NDRG2 K T ## GFAP
SRS QTR RS U A M (£ B N e
— o B, BUfE O TR N R SR R B T L
NDRG2 i35, A NDRG2 J PR 55 5 B R
R T LAt 1) Ao 22 g B O ASE TR An Ak R AR 28 4 SR ik
PEEB A5 (SND A i 2818 P e 38 45345 (CCTD B A
HOLZE T4t NDRG2 2 3k % #it 28 055 3 1 95 1) 5 i
W T8 LU 14 S 56 BF 53 o DA Bt

25 LTk, KBRS N TE ST AD-Ndrg2-RNAi i)
il H R85 A N NDRG2 B335, Pl 28 31 M i K B
B MWT il TWL B & b, K015 828 i, $n
NDRG2 5 #f £ 5 BLPE i B A B Ap OCHK . o] g 2 i
T VR R T IO 400 L ) SR A R A L (R L
B BARBLEMT 15 i — 2 B 5T

Z £ x #t

[1] Gao YJ, Ji RR. Chemokines, neuronal-glial interactions, and
central processing of neuropathic pain. Pharmacol Ther,
2010, 126(1): 56-68.

[2] Yao L, Zhang J, Liu X. NDRG2: a myc-repressed gene in-
volved in cancer and cell stress. Acta Biochim Biophys Sin
(Shanghai) , 2008, 40(7).: 625-635.

[3] Zuo ZF, Liao YH, Ding T, et al. Astrocytic NDRG2 is involved
in glucocorticoid-mediated diabetic mechanical allodynia. Diabetes
Res Clin Pract, 2015, 108(1): 128-136.

[4] Kim SH, Chung JM. An experimental model for peripheral
neuropathy produced by segmental spinal nerve ligation in the
rat. Pain, 1992, 50(3): 355-363.

[5] Wang W, Wang W, Wang Y, et al. Temporal changes of as-
trocyte activation and glutamate transporter-1 expression in
the spinal cord after spinal nerve ligation-induced neuropathic
pain. Anat Rec (Hoboken), 2008, 291(5). 513-518.

[6] Araya-Callis C, Hiemke C, Abumaria N, et al. Chronic psy-
chosocial stress and citalopram modulate the expression of the
glial proteins GFAP and NDRG2 in the hippocampus. Psy-
chopharmacology (Berl), 2012, 224(1): 209-222.

[7] Flugge G, Araya-Callis C, Garea-Rodriguez E, et al. NDRG2
as a marker protein for brain astrocytes. Cell Tissue Res,
2014, 357(1) . 31-41.

[8] Takeichi T, Takarada-lemata M, Hashida K, et al. The effect of
Ndrg2 expression on astroglial activation. Neurochem Int, 2011,
59(1) . 21-27.

[9] Deng Y, Yao L, Chau L, et al. N-Myc downstream-regulated
gene 2 (NDRG2) inhibits glioblastoma cell proliferation. Int J
Cancer, 2003, 106(3): 342-347.

[10] Li Y, Shen L, Cai L, et al. Spatial-temporal expression of
NDRG?2 in rat brain after focal cerebral ischemia and reperfu-

sion. Brain Res, 2011, 1382, 252-258.
e B #1:2017 - 06 - 06)



