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[Abstract]  Objective To investigate the effect of helminth-derived immunomodulatory glycan lacto-N-
fucopentaose [l (LNFP]I[) on the pathogenesis of neuropathic pain and spinal glial activation in the corresponding
time windows after adult rat tibial nerve permanent transection (modified spared nerve injury, mSNI). Methods
Ten weeks old male adult Sprague-Dawley (SD) rats weighing 250-300 g were randomly grouped into four groups:
sham-operated group (n=16), mSNI group (n=16), mSNI plus bovine serum albumin (BSA) group (n=12) and
mSNI plus LNFPI[ group (n=12). Rats were subjected to surgical operation or sham operation on the right tibial
nerves and were intraperitoneal injected BSA or LNEP [[[-BSA conjugates by the group design. Animals from each
group (n=6 per group) were subjected to the plantar test, von Frey hairs test, pinprick test and acetone test for
critical evaluation of region-specific pain responses on the plantar sural and saphenous skin territories of ipsilateral
and contralateral hindpaws after injuries. Transverse frozen sections of .3-4 spinal cords from the remaining animals
of mSNI plus BSA group and mSNI plus LNFPIIl group 7 and 14 d after injury (n=23 for each time point per group)
were prepared and subjected to immunofluorescent staining of microglia/macrophage marker Ccluster of
differentiation molecule 11b (CD11b)]J and astrocyte marker Cglial fibrillary acidic protein (GFAP)J, for analysis of
spinal glial activation. Results  After adult rat mSNI, early systematic administration of LNFP[ll significantly but

not completely attenuated region-specific pathological pain evoked by mechanical and thermal stimuli on the sural and
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saphenous skin territories of rat hindpaw plantar surfaces in acute (4/5 d after injuries) and subacute (7/8 d and 14/

15 d after injuries) phases. Meanwhile, in the ipsilateral spinal cord dorsal horns, this early systematic treatment

inhibited microglia/macrophage activation 7 d after injury and astrocyte activation 7 and 14 d after injury. Conclusion

Early systematic administration of LNFP [[| impairs the pathogenesis (acute induction and chronic transition) of

neuropathic pain and spinal glial activation in the corresponding time windows after adult rat mSNI.
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Fig 1 The pathogenesis of neuropathic pain after right tibial mSNI in adult rats Fig 2 Expression of CD11b in spinal cord dorsal horns
during acute induction of neuropathic pain after right tibial mSNI in rats (a:Ipsilateral;b:Contralateral). Immunofluorescent staining Fig 3

Expression of GFAP in spinal cord dorsal horns during chronic transition of neuropathic pain after right tibial mSNI in rats (a:7 d after mSNI;b.
14 d after mSND. Immunofluorescent staining

Fig 1. A: Saphenous; B: Sural; a: Plantar test; b: Acetone test; c: Von Frey hairs test; d: Pinprick test; Fig 2, Fig 3: A: mSNI +BSA
group; B: mSNI +LNFP[[ group; % % % P<C0.001, vs. 0 d in the same group; # P<C0.05, # # P<C0.01, # # # P<C0.001, vs. mSNI
group
ORS00 402 246 o RO o S0 VB 3 B R Ve R0 6 o B LA R 5 ) 4 TCRRE 8] ) 32 4 CBL Ak 1
SECH 45 TURE 18] 19 2E 4 G2 524 Lvon Frey 7 4E BRI B0  BEUTSAR R Bl mSNT 5 HF AR i 3L
S 56 v 24 TC 1 (L A B AR CHLARE 2R S ) RS2 3 L T 0 MR 462 149 3 B P s e



% 5

TR I ORI LINEP I 5 R P 0 2 955 2P 598 1) v 2 K A= R0 1l TS o0 4 i 3% £k 1) 5% i 633

mSNI F-AR + BSA 2 g 4y . H F AR (4 45 7]
) S JTC R I T st At 2 A0 JHE Jo ot 28 1 ok DX 35 1 5 9
2R A5 AL R A 5 B2l mSNT T AR 2H 50 Wy % 107 1 ik
X s AR S 0T 1) A8 Ak R AR AR — B0, R MR
mSNI F A& +BSA 411 5 » mSNI F R + LNFP[[ 41
SIYTFARA J TCR JES T e 28 R HE i 1l 28 B B [X
S5 ) P A B I A B T AR L B RN R SR A
5E AR il

mSNI F AR +LNFP[ HH KR F ARG 7 d, Hii
A3 TR i TG JE T e ot 2 AR JHE i e 428 Bz JEk: DX 38 )
S L O K 2 35 6 IR s FRG 14 d R &
FIHE o o 28 B Jok: DX 385 1) 008G 3o 0390 1 B — 26 1 2%
f# . mSNI F-AR + LNFP [T 41k 5 H: 48 455 8] 00 Ji5 T
FE UG THT ot bt 28 AR JHE i ot 22 Bz ok DX 35 1 4 R S TR
J& 5 d B H B0 B Y 28 A (RRoph 2 X3k 29 30 %05 kI
P2 X 32 38000 s R S MR EF ARG 8 d 18
B PE— 25 Ak CRaupi 28 X 3R 249 60 %6 5 Bk iz i 281X dk
25 45%) IR LEEF ARG 15 domSNI F A + LNFP
I 2 A R s JH A 475 [ ) i TG R G T o At 28 2 ik IX 35
I BLAEPE PR S % TR G 8 d A H B0 W 8 19 2% it
(21 30%0)  FHFEEEEF ARG 15 ds {0 F AR M HE R pi
28 J R X MU PE I S W A RS 5 d B B
B I 22 (29 5000) IR E T ARG 16 d. 5
TR AIUBR M 50 S R I 2 i B A I (] A A K
A FTUS o AILBRE R A A B R 2 A T T AR
Jei TR JES TAT 3 Aot 228 R R g 4o 22 Bz O DX 3 5 29 78 T
ARJG 5 d I I RERRSEET ARG 15 d.

Xof I A 2H ) A A T A e 0 i T A J T o Ao 22
FIHE N Bl 28 e Jok DX 0T 355 - R 38035 245 ) 4 B8 S e
A IR R] 05 0 8 i I g 5 068 I 118 T AR i I g T
B 14 220 (P=>0. 05) . KBS IO JES T Bt ol
25 TN HE B ot 28 F2 ok DX a9 9 2 I 1) 56 Ak 1 I ) b 22
S0 s BT LA AR 5 TR RS T A 45 1 R i b 22 4 ik
DX 358 14 9 9 1 1 B4
2.2 BEAWMZFEMEBAEFTEATEFIER
MR E N

ARJG 7 d AH BT ARSI 6 K 55 A v i 2
() CD11b f 9 %¢ 6 Y @ B M {5 5 1M 5 mSNI F
AR ABSA 41K B TR [F] 0055 56 K 5T A 2L
WG CD11b e s g e HPE(E 5 o /DI
0 40 LAY R B R AL (B 2A, L2A,) . AT mSNI F-
AR+ BSA 4 K AT A 7] 45 85 K 5T #5 # » mSNI
FAR A+ LNFP T 41K B A T [ 0045 8 K 5 15 #1
CD11b %33 9% 36 Y £ B {5 5 A0 3G Ak 5 708 i I 4

L ) i WY b B AR (1] 2B, .2B,) .
2.3 BEMEZFEMEBEEHEASEFERK
[ 4R R Y AL

FH LG T T AR XU 456 K 75 AR i 1) GEAP
B BEVEN Y 0 FHPE 1S 5 (LA R 45 1) 11 5 » mSNI
FARFBSAHAKRRAEFT ARG 7 d 14 dBFHFR
[vi) ) 5 4 K 5 5 £ o BB G B R 1Y) GFAP f g8 5
% 8 BH PR AR 5 o 1 BB T e I 440 L g K o 3% Ak (1A
3A3A) . MHEETFARE 7 d i F mSNI F R +
BSA @K BT A [5) 0 4 # K BT75 #A h GEAP g
PG Y0, BHME AR 5 R0 T Ak 1 2 T M I 400 ik ) 50 o 7
TFARSE 14 d BI B3 2 (K 3A,.3A,) . AT mSNI
F AR+ BSA 41 K BT A [R5 6 K 5T F5 f  mSNI
FARFLNFPIIHKRKRAEFARSE 7 dF 14 d BT
A [R5 B6 JK B f v GFAP 458 96 6 e 0 BH
155 R 3G b 9 52 T 5 J5 440 L 1) 50 B S R G (TR
3B..3B) . ML TFFAE 7 d i F . mSNI FAR +
LNFP I 20 K B3 [R5 6 2 3 75 1 v GEAP 14
PE DY (0 BH A5 5 R b 1) AL I 5 41 B 17 5
HEFARE 14 d BB H % (& 3B,.3B,) .

3 it

ARG W E I R G 45T LNFPI &5
FUH0 ) B AFE A B mSNT 5 4 28 9 HRLE 4 10 9 HL %
A= FIAR R B I 2 1 P9 S R 2 M A 5 k. T T AT 41
S0l %) I 55 B 4 L AR X ) 95 9 S I A S 6 ot A v
WA KA W AR b, RO 3R AT 08 8 3 1) 4% SE 5 4
ST AR MR I 1 28 FAS T R 2 52 56 5 it v 2
YA GRS AE SR A, 54, mSNI F R4 5|
FAR L I BT A [ 000 95 95 i 7 A% 1 1 B I 22 031 L &
mSNI F AR +BSA 41 BT A [0 F0 X0 5 8 8 o
A0 M 75 AL Y 5 B 22 $2 R . mSNIT F R 4 K LF A
(i) 0 26 96 52 7 114 9 3R ik 7 ot 2 4 40 A B S B0
Fes RO, A R RG4S T LNFPIIF A
T30 mSNI K BT AR X0 5 9 52 o7 5 il (i 14 428 4k
X RGN R R G AT LNFPI S 800 3h 9
T AR A B R L L ) % ik SR — R S R
BRI G %A 4> B LNFP [ 425 96 7 FH (9 57 5 3%
BB S B SR S B M s P R R G 4L T
LNEP Il 25 35 Z4 40 i 55 4 K Bl mSNT J5 #2895 2 44
PR e B Ak

JE| P Ao 220 JHL I 95 R 1 0 B K AR 0 o Ak
EWCRJE 5 d Ph) Ftg v e (R J5 5 ~
10 DT ORI RS R B R AR E%S T



634 PU IR 2 2 4t CB= 24 JBD

AT

LNFPII g W R 2 i RJ5 4/5 d LA & 7/8 d 1) F
ARAM S T JES T s A 28 R HE fizp et 428 Bz R IX 45k %) AR [
S AR 0 BRI B o S BT B SR R WL AN I
JoT/ B 240 i i A AR TR B T 40 L P O AR L S S %
PRSI 1 2 Ve & AR e R A . Rk, FRAT)
2R RN SRR S 7 d Rl T R R S
PEZ T LNFP I XF mSNT A Ji5 9 BB I8 2 Pk &
/N B S5/ T W 4 9% A 1 52 i g B ) 2% e R AL
N R R RSEM S T LNFPIAE4% ]
i mSNI AR 7 d F-ARMHRE K T A /N
MM . EAR HRTIRATT B = 2R R OR
J5 5 d DA ST 40 B AT Sy o7 I 8] 28 6 55 A F0H
TR JBTEF £ /N JoT 4 L 3% Ak 52 B 2l 25 A8 A £oal
AREAMROEEC R LU R RE S T
LNFP Il 58 % W] i 2% fif mSNT A J5 5 21 5508 1 2
PRI A o [a) Bt B 308 400 o) g B P A Ak O R o R R
/NS BT AL ) S AL . X AT RESE BT LNFPI e 48 1
2 ) A ot R LA A M A 2 AT M2 RET R M S
FRE Tk g M2 FE BT R PR 4R Y A% A0 i iR
TEAH R 9 B AR o] BRI /N I/ s 44T i 1) 34
B 5 5 A R 1 T R B RO R A A & .
FEMEAR I e AR R R RS
PEZ T LNFPII RE 6% W] W 2 i R J5 14/15 d 19 KR
TR S TCRE IS ThT B i 22 00 HE B #2812 bk X3
(i) SR 3 2K 7R 1 i L R ST I o T R O G 5 A4
(09 b B H: 2 5 0 B RO 1 A8 M AR L R, 3R
MIEARG 7 dF0 14 d K T R R G457 LNFP
I mSNT AR f5 i 2 92 9 182 1 2 10 300 2 O e Joie 240
JL 5 Ak 08 5 e %) S B R R RR AN . B R T R
Fots 7 LNFPII A9 B AW Hl mSNI AR J5 7 d
F 14 d Ay IR BT AR M0 5 K BT A B S B 4
MIBTE AL . BARFRATI A FIH R G4 T LNFPII
X mSNT A Ji5 5K B (1] 119 5 2 1 95 g 1 52 T %) 0L ¢
Bl HAHFRERPHIET R WREREHES T
LNFP Il G855 2 mSNI A J5 i 31 559 19 17 22 1k
W0 2 fifk . A HRE R AT 5L T A LNEP #4957 &
T RALRE S AL RS 1 A s 2y e . H k18
PEAEFRF I OR G 14/15 D 3P ik N BRI A 3K
25 BE R LNFP [, 20475 4R g % WL 42 2] B 10) R 48
P4 F LNFP I X mSNI A J5 % #5079 07 8 2%
fitt . XAERAPITR PRI RGNS T LNFPI B
BELT% mSNI A J5 95 2 M 58 19 18 1 % fb ok B2 OR 5
5~10 d) . ZVEYE & WA RE T A /N 05T 4 AL 1Y 3 1k
FME M AL B BT f b CDA™ T 20 i V= 1 4 6 1

F39 2 5 BT A R0 5 4 D A 355 T A B
TR MR . AFRRA T R RGNS T
LNFP I mSNTARZS T 4 52 5 149 51 i 58 5 A1 4 5
JE B4 B R ) DRI AT T e I 3% B 0 R
GEPEZn T LNEFP 00l i 25 09 12 P e 1 iy B
PRBLH .

AR R AT A B SN il 45 J& 161 1 o 28 5
HPEPIR S YRR, LT LNFP I I A 5 98 1 52
i e AL A o 3k Ao AE TR 2 S T P ot 2 g B 4
SNI A AY i) — i A8 A BAT T AT B L B R S
o7 SR ZA I 2 A B P IRATT o 25 5 I A Al
AW FEAE R W] mSNT 5 AR 5 TR JEE T8I FY 96
TSIV 5 12 8l i S b AT D 2 ) 3 1
mSNI A2 & B . A HFFER I mSNI YK A
TRE B IE W R 2R IR T e e . 5 A M AN T
JBeh 28 Vb JBCE BG4y B 20 MO AR T L3 W AR M
o TRl L S AR P Y IE R B 22 FRE UK Y Jl
ARSI A2 RO MR 227 TR AN A A B A
TR B B XE 5 JHE i ot 22 R0 DB ) I8 ot 28 7 7 R o 22
TR SN E A 2R AT AE R AR B . X Rl
Pl o b A 25 SR 2 T BB ) i TCRL DI T R 22 i E
Jiga i 22 B JEK DX 3R ) B P R A AL b B AT VR A Y
Ze5t . I ABEFE 50 0 T LNFPIIX mSNI A
Je J TR G T o 2 R JHIE I o 42 B B DX 35 g 44
PERBIR R . (A R W RGeS T LNFP
DA o 222 10 M o 28 S O DX S8 6y AL 2 o St
F14 22 il A FH AT BEAF A 22 55 » 4170 30X TR A DX 3l Py AL B
PEISH B A AE L L T REAF AR 25 57

5 LT AT R T R RS S T
LNFP (I 2 g ZU40 ) Jos I et 22 g B 2 ) 2
5 A RS AR AL AE AL L AT AE -5 400 5 AR R A )
P9 B A R T A IS A G . R R Gk
T LNEP [T A B0 200 19 8 805 &R A PR T K
R Bl 2 AL | 24 280 JB R L A ) A i o3 1 L
Rt — LR MR G . LNFP I X 18 4 4k £5
SO0 ) B0 o 25 B T 11 8K A 300 2 A I i A
FE o AT AT ER Jy Ji] R 8 B SRR R T B 24
Yotk e S k7 1 e 5 Ak & W R T 0 SRR 5 4
P2 245 ) e BT AR

2 % X #

[1] TOTH C, LANDER J, WIEBE S. The prevalence and
impact of chronic pain with neuropathic pain symptoms in the

general population. Pain Med,2009,10(5):918-929.



5

]

TR I ORI LINEP I 5 R P 0 2 955 2P 598 1) v 2 K A= R0 1l TS o0 4 i 3% £k 1) 5% i 635

2]

(3]

[4]

(5]

(6]

(7]

(8]

9]

[10]

[11]

SCHOLZ J, WOOLF CJ. The neuropathic pain triad:
neurons, immune cells and glia. Nat Neurosci,2007,10(11) ;
1361-1368.

GRACE PM, ROLAN PE, HUTCHINSON MR. Peripheral
immune contributions to the maintenance of central glial
activation underlying neuropathic pain. Brain Behav Immun,
2011,25(7):1322-1332.

ZHANG ], SHI XQ, ECHEVERRY S, et al. Expression of
CCR2 in both resident and bone marrow-derived microglia
plays a critical role in neuropathic pain. J Neurosci, 2007,27
(45):12396-12406.

JI RR, SUTER MR. p38 MAPK, microglial signaling, and
neuropathic pain. Mol Pain,2007(3) :33.

AUSTIN PJ, MOALEM-TAYLOR G. The neuro-immune
balance in neuropathic pain: involvement of inflammatory
immune cells, immune-like glial cells and cytokines. J
Neuroimmunol,2010,229(1/2) :26-50.

ZHANG X, WU Z, HAYASHI Y, et al. Peripheral role of
cathepsin S in Thl cell-dependent transition of nerve injury-
induced acute pain to a chronic pain state. J Neurosci,2014,
34(8):3013-3022.

CAO L, PALMER CD, MALON JT, et al. Critical role of
microglial CD40 in the maintenance of mechanical
hypersensitivity in a murine model of neuropathic pain. Eur J
Immunol,2009,39(12) :3562-3569.

GAO YJ, JI RR. Targeting astrocyte signaling for chronic
pain. Neurotherapeutics,2010,7(4):482-493.
WAMMES LJ, MPAIRWE H, ELLIOTT AM,

Helminth

et al.

therapy  or  elimination: epidemiological,

immunological, and clinical considerations. Lancet Infect
Dis,2014,14(11) :1150-1162.

HARNETT W, HARNETT MM. Helminth-derived
immunomodulators: can understanding the worm produce the

pill? Nat Rev Immunol,2010,10(4) .278-284.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

LUNDY SK, LUKACS NW. Chronic schistosome infection
leads to modulation of granuloma formation and systemic
immune suppression. Front Immunol, 2013 (4):39[2013-02-
20 1.
PMC3576626/. doi:10. 3389/fimmu. 2013. 00039.

BHARGAVA P, LI C, STANYA KJ., et al.

http://www. ncbi. nlm. nih. gov/pmc/articles/

Immunomodulatory glycan LNFP]I[ alleviates hepatosteatosis
and insulin resistance through direct and indirect control of
metabolic pathways. Nat Med,2012,18(11):1665-1672.

LEE BH, WON R, BAIK EJ. ez al.

An animal model of

neuropathic pain employing injury to the sciatic nerve
branches. Neuroreport,2000,11(4):657-661.
HOFMANN HA, DE VRY J, SIEGLING A, et al.

Pharmacological sensitivity and gene expression analysis of
the tibial nerve injury model of neuropathic pain. Eur J
Pharmacol,2003,470(1/2) :17-25.
COBIANCHI S, DE CRUZ J, NAVARRO X. Assessment of
sensory thresholds and nociceptive fiber growth after sciatic
nerve injury reveals the differential contribution of collateral
reinnervation and nerve regeneration to neuropathic pain.
Exp Neurol, 2014 (255); 1-11 [2014-02-16 ]. http://www.
sciencedirect.  com/science/article/pii/S0014488614000533.
doi:10. 1016/j. expneurol. 2014. 02. 008.
REN HY, DING YQ. XIAO X, et al. Behavioral
characterization of neuropathic pain on the glabrous skin areas
reinnervated solely by axotomy-regenerative axons after adult
rat sciatic nerve crush. Neuroreport,2016,27(6) :404-414.
ATOCHINA O, HARN D. LNFP [I/LeX-stimulated
macrophages activate natural killer cells via CD40-CD40L
interaction. Clin Diagn Lab Immunol, 2005, 12 (9). 1041-
1049.

(2016 — 05 — 03 Y »2016 — 06 — 17 & ED)



