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BE B3R 542 4 ¥ B F (Nerve growth factor, NGF )4tk L148M {24k Z 82 (Monoiodoacetate , MIA ) -5 49 B % 37 % (Kee os-
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The Effect of Nerve Growth Factor Antibody in Mouse Knee Arthritis
Pain Model*
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ABSTRACT Objective: To explore the molecular mechanism of the protective effect of Nerve growth factor (NGF) antibody
L148M in a mouse model of Kio osteoarthritis (KOA) induced by iodoacetic acid (MIA). Methods: Eight-week-old male C57BL/6 male
mice were randomly divided into a control group, MIA group, and L148M group. KOA mouse model was induced by injecting 20
mg/mL MIA into joint cavity. Two weeks after the operation, mice in the L148M group were intraperitoneally injected with L148M (10
mg/kg). Hematoxylin-eosin (HE) staining, safranin O staining, OARSI score, and Micro-CT analysis were used to observe the morpho-
logical changes of knee joint cartilage and subchondral bone in mice. The expression levels of CCR2, MCP1, MMP-1, MMP-3,
MMP-13, COL10, IL-1B8 and TNF-a mRNA were detected by qRT-PCR. The expression levels of INOS, COX-2, Collagen II and Aggre-
can were detected by Western blotting. The expression of VEGFA and Ang-1 protein was analyzed by immunohistochemistry. Micro-CT
angiography analyzes the number of new blood vessels in subchondral bone. Results: HE staining results showed that the number of
chondrocytes and cartilage thickness in the L148M group were higher than those in the MIA group. Safranin O staining showed that the
matrix degradation of the L148M group was less than that of the MIA group. The OARSI score of the L148M group was significantly
lower than that of the MIA group (P<0.05). The results of micro-CT scan showed that the cartilage and subchondral bone of the L148M
group were intact and there was no obvious pathological damage. The results of qRT-PCR showed that compared with the MIA group,
the mRNA expression level of COL10, MMP1, MMP3 and MMP-13 in the L148M group were significantly reduced (P<0.05). Western
blotting results showed that compared with the MIA group, the protein expression levels of Collagen II and Aggrecan were increased in
the L148M group, and the protein expressions level of INOS and COX-2 were decreased (P<0.05). Pain behavior analysis showed that

compared with the MIA group, the travel distance and mechanical stimulus response threshold were decreased in the L148M group (P<O0.
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05). Micro-CT angiography analysis showed that the number and volume of microvessels in the L148M group were significantly lower

than those in the MIA group (P<0.05). Immunohistochemical examination showed that the protein expression level of VEGFA and Ang-1

in L148M group were significantly lower than those in MIA group (P<0.05). Conclusion: L148M can alleviate the joint pain response by

inhibiting abnormal angiogenesis of subchondral bone; and reduce the pathological damage of cartilage and subchondral bone by inhibit-

ing the expression of inflammatory cytokines.

Key words: Knee arthritis; Nerve growth factor antibody; Cartilage matrix; Angiogenesis
Chinese Library Classification(CLC): R-33; R684.3 Document code: A

Article ID: 1673-6273(2021)21-4038-07

YN

]

i}

T B 265 %8 (Kee osteoarthritis, KOA ) 22— ™ f)
M PERAT I , T8 AR RN G i 4R & KOA IR INE,
CLR B SRR I A F R AR TR M, iy F H xS
KOA ZImILlI AR MR IERE, BUA KB BEBAIFAES T
LR ARSI SN A 2 5 1 D) B, (EE R bE P B R
8%, LI B Wt B RO IR P ) AL, S B TR
(R T 7 % T A Bl R R v 0 A DR 45 ) e
B, B AR AW AR R T A S B AR YT SR

#28EK HF(Nerve growth factor, NGF ) J& TS5 41 & #i4:
RGFINANAE R B IEAY, Rzt R ok,
AR LA BAR 316 5 3o A e 2 4 T VRSN, I PR 5% 2500 b
FHH B AT B SC T AR A 2 A OE AT R (fufE KOA) &
FH WA E] NGF & &8 B TH =, i R0 sk 1k 56Ty
HBA , NGF 235 7K - 575 A M 58 0 S I Al 2 808
PR EZLR AN, SRR R RS R , ] NGF mT L)
AR P AR A A B A AL FRRAESY

ARG T T NGF ik --L148M XL Z, /12 (Monoiodoac-
etate, MIA )i 5 KOA /N BUSEHY (1474 77 5C5R , 30 35 46r J/ B
N TP RAE R E AR R -, AL A K B AE AL R
Mr'T NGF $iikZZ it KOA T B i RO 1 ML .

| AR i

1.1 #4

LLTRFIFAEE  MIA R KGR 1%8% 0 b 22 B0
H & [# Sigma-Aldrich /A #] ;L148M Ity H Exalpha Biological
3 10%4 7K Eh ARG il (EDTA JRAKS | Bl R A 4L O- [ 4k
B G A8 R SRR L W BB TR MR T A LT R OK
F R A R A ; TRIzol 51 4 H 3% B Invitrogen 4% 7] ; BCA
B P IR G B RV A RAEY ARG B R IS
¥ (Rapid Cal Immuno) 14 [ 26 E Lymed 2\ H]; Hifk INOS,
COX-2 Fil Ang-1 I 4 J£[E Abcam /A7) ; #ifA& Collagen II, Ag-
grecan 1 VEGFA ) H Abnova 2\ @ 5 & 43 3 % micro-CT
(SkyScan 1176) ) 5 75 [ 457 € 55/ 7 ; Real-Time PCR {Y Ity B
£ [E Applied Biosystems /A ] .

1.1.2 SEI&zh¥  SPF ZifitRE 8 JA#L C57BL/6(18~22 )itk
NS R RO N R R S FE SR (VR IR
SYXK([%)2020-007], B /NRIGHAT 7 Tl A1 77, I EE
50~60%, i : 24 1°C 445 12 h W] / WEHEEF B0, /NELAT
HH ZRECE YIARK o

12 ik

12,1 IS ARMBRBEXTRERGE L REEHLES
C57BL/6 /INER ML g 3 41 - Xt HR AL, /1N BURR I I A7 e 1Y s
PIEET 50 WL T AR FEER K MIA 21, /N BURRIYUS 7 G5 s
PG 50 wL 20 mg/mL MIA %, FARJF 2 BT EEES T
B A FRER /K (10 mg/kg) s L148M 21, /N BRUBR I I A 18 0G5 J 1Y
4t 50 pL 20 mg/mL MIA %9, FARJG 2 8 F 18 & &4
L148M(10 mg/kg), FH 1%36 L 400K/ N RURRTER:, 4 BE T A
PH HUBAR I 5 , A I I 90 B, 27G 12 e iy 28 | =2
AVEa I RYGAIR A, T N SR8 TR 5T 50 wL JCR
A BEER K B MIA ¥R . SRET IS 2R a8 10 s, FJE gy
5. UK/ NERE TRBEAL 15/ N RO R S 5, Ao

WA mEE,
122 HE W RRBHARS £ MIA EHE5H 4
(L148M THUSE 2 Ji), REHLMXTHRZL MIA 4 | L148M 445

FHE 8 H/INBRL, 3 501 8 1 P A S 7K 5 ST JRR I , 30950 It I 9k Ak
SEIE , MR R TR )43 B U /N BRAT R A1 40 T B
A A F AR LA o FH 10%48 IR EhbRGE w1 2 24 h,
% 10% EDTA(pH7.3)JIit45 3 JA . #RJ5 A A, il 48 4 pm
YR o YIRS AKARJS I AR AR ZE G 4, 20 min, ZE17K ik
1 min, FF 1%ZUKEHE AL 30 s, 2848 /K sk 30 min,
95%IEPRE i /K 1 min J5, A 0.5%BF£LY4 (5, 90 s, ik H- . ¥
$ 8T Olympus Y2 Wi EE 200 fi558 F LSRR
123 FOOLBMBRBHLRTHER 122K H
Pl g /NS HEW) A KAL) L E IR R R 4T O-
[ SRR P A R AR E U T YL 8 JeZEAE Olympus S
22 W AYUBE 200 558 T WARHR B 4 VR AR L

124 BREXTHRERERES  RHANEE, H 1 ZAGERE
OARSI &5 B PE A I SE g 2 AT O RBP4 .

1.2.5 qRT-PCR flFE mRNA FRik7KFE % 122 L0 L
H/NEBUREOCTY , RBR B LR R, 408 B R4 A
WA , (1 F TRIzol 0 A BH A M 32 IBCE RNA, IFHEA T
U L7 4 ¢cDNA, 7 ABI QuantStudio™7 Flex Real-Time
PCR R4t 152kl . gPCR S hij 2544 : 95 C AR 30 s, 9K 5
T 95°CAR I 5'5,60°CiB K IEM 34 s, TE 40 MEH, T 72°C
HEf 40 s, PCR 25 o), F A T4 i1 2k 43T . GAPDH Sh 5%
FE, DL 222 A mRNA FHXTRIA

1.2.6 Western blotting JIIEE HRIEKFE ¥ 1.2.2 LI ik
I /N BRIESETS A7 40 LB B L BB A AR S 2T, 535 iy
A5, & 1% PMSF () RIPA 4 2% il SR IURROC 15 4%
HHMSE N, AN E TIEK ER AR, 13800% g4C
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% 1 qRT-PCR #&illFF ASIMFFIER
Table 1 qRT-PCR primers used in this study

Primer name Sequence (5'-3")

F: CATGTTCAGCTTTGTGGACCT

IL-18
R: GCAGCTGACTTCAGGGATGT
F: TGAACTTCGGGGTGATCG
TNF-a
R: GGGCTTGTCACTCGAGTT
F: CACAGCCATTTCGAGCTT
COL10
R: TCTAAGTTGCCCCAGGTA
F: TCAGTTCGTCCTCACTCCAG
MMP-1
R: TTGGTCCACCTGTCATCTTC
F: TCGGTGGCTTCAGTACCT
MMP-3
R: CCTCCTCCCAGACCTTC
F: TGGACAAGCAGCTCCAAAG
MMP-13
R: GTCCAGACCGAGGGAGTG
F: AAAACACGGGACGAGAAACCC
MCP1
R: ACGGGAACCTTTATTAACCCCT
F: ATCCACGGCATACTATCAACATC
CCR2
R: TCGTAGTCATACGGTGTGGTG
F: GCAAGTTCAACGGCACAG
GAPDH

R: CGCCAGTAGACTCCACGAC

B30 30 min ffF BCA 25 I iR GG 2R (R 40 pg
REF FFEZE 10% SDS-PAGE BEE, #A /5 7E 300 mA 5 3 HLI
TFHALF] PVDF i, HRETE S 0.1% Tween-20 F1 5% /Bt A5 0543
i) Tris Z2 R =R E 2 h, B TBS-T JEik 3 R, #IHS
Fi INOS (1:1000) .COX-2 (1:1000) .Collagen I1(1:1000) . Ag-
grecan(1:1000)—$i 4 CIFE 1R . - TBS-T E VLK 3 k424
JEEER TS 2P E 2 he JH TBS-T Peik)a , i s b %
R E I TR, JFif AT Quantity ONE & #4347 .

1.2.7 Von frey X WA, Soke /N BUE 00505 1 P38 0
40 min, #% 8 up-down J5 IAER S0%HLARAH L B, 5 FU/NR
JH von frey hairs M\ 0.4.0.6.1.0,1.4.2.0.4.0.6.0 #1 8.0 g #I| 3%
Je IR BRRINER 5 s, 3 H A A s T Tk g A e S
e, EE AT 5 K,

1.2.8 BEhTAHMK  MHET, Sk BUE T S R
40 min AR/ N EAE— A HIBEEIEE 2 (50 cmx 50 cm )
AL, 78 6 min PR PLLN R A FHER . G2 IE
SNRIZ BN B4 LSS B ST BRSO SN BB shad B R TR
6 min PI/NRTEMER = PR SR B

1.2.9 Micro-CT &4 & 1.2.2 SCE 7 BB B A /N R G
5, I 10%46 IR S bRGE whf [ s sk 0 o o FH i 43 R mi-
cro-CT(SkyScan 1176 )##ikrA< , FHS 80 I8 HF 65 KVp,
EHLE 142 mA  CCD BRIGRT[E] 2.96 s (R 7 HE% 18 um,
1.2.10 Micro-CT ME & /M MEEE I K5 & B /N
JRRIEE , BRI , BB b 1, 25 1R I 2 sh ORD T M ik L 43
S 38 v A T VR A FL . E BB BKE A 500 wL HFFE ALK
(125000 U JIF&m 500 mL A BEER K ), SR G RREL i AR B K
FE IR KRH ASE 5L o SRS F R AR FE /N, B

ASiigTEA 3000 mL 4% FIE , 142 A S He P T A i S i s K
PRABT 4Cil i SRIGWERIRICHT , IEAE 10% T PEAR /R AR
PP EE 4 Ko PR A T HE S50 (Rapid Cal
Immuno ) FLEE 2 K, #5543 352 micro-CT(SkyScan 1176)
PR S HER 46 pom, BRI E] 18 min,,
1.2.11 VEGFA #1 Ang-1 =EAKXEN o % 1.2.2 528
Bl AW 5, B KA IE 3% HyO, ¥R IR M 4 AL
VI, SRIGHE 37CF A 0.1%f 8 A REAL 3 30 min R Hi 5.
THY) R T 37°CF HIAE 3% BSA i B 19 20% B 1L £ 1]
30 min, KU F 53 VEGFA(1:100)F1 Ang-1(1:100)4 CH;F
TR o T8 AR S A T B A R AN A S e TR, TR OR
AMGE Y i1 Olympus DP26 i BitFA T2 S UB A SR, I
H cellSens( Olympus ) #475E 5387 . WL B FEAR Y 5 412
Y] B R T B SR X P G e A AN R
1.3 it ot

fiT 7 SPSS 21.0 #{F#HATHE 22004, PR Sim e/ LB
3 WL TR B FR % bR . BT LLBCR D AR
3T, ZE MBI RS AR E 72587 (one-way ANO-
VA), P<0.05 M HEAGITRE L.

2 &R

2.1 L148M BE R KOA /NBRREFRE T SRERG

HE Qe 25 R BoR, SRR/ TS B S5 IE# ;
MIA ZH/IN BB A R BSORI 5G 1 kB TR 8 3 B i b TR A8 454
ANHLI) 177 L148M 4 /INER T TR S 1, B B sk
B BARMEERL O Pesh R, Sxt A, MIA Z0/)
B2 5 I S0/, L148M 41 /) LI 6 I e i /0 T MITA
4, Hera @ mflS B2 T MIA 41, OARSI P42
R, MIA Z1/NR OARSIIF4) (8.21% 0.53) & Fon fifdd
(2.53+ 0.37)(P<<0.05), T L148M 41/]Ni, OARSI 1:43(3.89+
0.42) B A% T MIA 2H(P<<0.05). /ERIESETY micro-CT 394
SERER MR, MIA 4/ BACE RS T B2
RIS, B ARG, O RE R B A AR
L148M 41 /N R FICE T B S5 25, A gk
BT EETE. WE 1,
2.2 L148M BRI KOA 7|\ R4 Bl S FE 2 Rz 7K

qRT-PCR ¥ &5 51 B, 55 HE 20 b A, MIA 41/
JIE A AH 56 (9 28 11 COL10 MMP-1 MMP-3 1 MMP-13 ) mR-
NA Fik/KFTHE (P<0.05);L148M #H /)il COL10 . MMP-1
MMP-3 FI MMP-13 f#J mRNA kK LT MIA 41(P<005),
Western blotting #6125 5 7~ , 5 X% B2 L4, MIA ZH /) B
INOS F1 COX-2 F FFRAAKF-HFE (P<0.05), Collagen IT il
Aggrecan 2 [ FRIAK I BEAL (P<0.05); 5 MIA 4 Lh3L,
L148M #H /M, INOS F1 COX-2 2235 7K - 4AIG(P<0.05) , Col-
lagen I Fll Aggrecan £ [R5 /KF34 T+ (P<0.05) . LKl 2,
23 L148M BERZ B X HTREXEBER

PIRIT N E s R B, 7R S KOA /NEUEALF 5 14
T, N R /NFAT IR B R 927+ 4.03 cm/6 min, MIA 21 /NRAT
HEFEE] g 562+ 3.91 cm/6 min, 22 5 B W3 (P<0.05) ;s MIA
ZH/INERH LA A 52 o7 PR 55 % R ZELAH L 2 S R MR (P<0.001 ) 5
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L148M #H/IN AT 1R G 2 FIATUAOR I s o B E S SR MIA 8 BJA (P<0.05); 1fif L148M 2H /) [ MCP1 ,CCR2 IL-1B Al
24 (P<0.05), qRT-PCR g5 R~ , SXTHRAAHL ,MIA 4 TNF-a ) mRNA FiAK 8 EZ KT MIA 4 (P<0.05),

/INEL MCP1 ,CCR2 IL-18 1 TNF-o ) mRNA ik ACEH W] &3,

A Control MIA

HE

”’..0(' mm,

B C Control MIA

OARSI score

Control MIA L4SM

B 1 L148M FHUEE KOA NRERBFRE T BRERG

L148M

L148SM

Fig.1 L148M intervention reduces the pathological damage of cartilage and subchondral bone in KOA mice

Note: (A) Microscopic examination results of HE staining and Safranin O staining; (B) OARSI score of each group of mice; (C) Micro-CT scan images of

mouse knee joints in each group. *P<0.05, compared with control group; “P<0.05, compared with MIA group.

A aControl BMIA BL4SM

Relative mRNA expression level

Coll0 MMP-1 MMP-3 MMP-13

B @Control aMIA @L4SM

INOS

COX-2

~

Collagen 11

Aggrecan

Relative protein expression level

GAPDH

INOS COX-2 Collagen 11 Aggrecan
B 2 SfEFE FRIEKFRN S H
Fig.2 Detection and analysis of the expression level of inflammatory factors
Note: (A) The mRNA expression level of COL10, MMP-1, MMP-3 and MMP-13; (B) The protein expression level of INOS, COX-2, Collagen II and
Aggrecan; *P<0.05, **P<0.01, compared with control group; “P<0.05, #P<0.01, Compared with MIA group.
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Fig.3 L148M relieves pain associated with KOA in mice

Note: (A) Statistical analysis results of travel distance; (B) Statistical analysis results of mechanical stimulus response threshold; (C) The mRNA

expression level of MCP1, CCR2, IL-1B and TNF-q; *P<0.05, **P<0.01, compared with control group; “P<0.05, #P<0.01, compared with MIA group.

2.4 L148M BHE 4] KOA INR B M E & H

micro-CT I 45 /A4 R Eon , S5 X R4 L, MIA 4
/N BUACE T B i B AR AR i 3 TR (P<0.05 ) ; L148M
ZH/INEUCE T B RO A A5 A AR B L AIG T MIA ZH(P<0.05),
VEGFA FI Ang-1 JRe 0 ALK NS S B, 5 X BRL AR EL, MIA
/MR Y VEGFA i Ang-1 B FRIAKF- B 2 B8 (P<0.05);
L148M #1 /)N B9 VEGFA I Ang-1 & (43 ik K F B ZE T
MIA 41(P<0.05), UL 4 FIE 5.
3 g

BT R H R O AE R M (AP & R 5 T
PRI 4 A 2 e 1 4 o 2 ) S 48 DGR A 4405 S BB A
P A 2B R, 40 IL-18 FH TNF-u, 7] LI 98 MMP BEE ik
IR, TR ST BB S5 A AR T IL-18 75 F A 4B A A
FNGEIE A S R RO e 2 | 0 4 =09

ERTHL P, EF4 )R HE AR 3 (Matrix metallopro-
teinase 3, MMP-3 )il i B A 41 fifd #6620 43 (AN 2 4 3808, Jn
I RAE R, I RAFFEE s, 5% IR B A 1L
KOA 3 1) MMP-3 ik /K VT =i 5 K F MMP-1 J 557K
S, AT H QRT-PCR A& 25 5 0] NGF $ifk L148M 7

B SRKOF- i ] KOA /MR IL-1B 15319 MMP-3 BE[H 3Rk,
[FAS, L148M L3 T KOA /N FRUFCE 4 it g TL-18 #1p ikl i 10
T )5 (Collagen I1) F: K F 3k 7K

VE—%E LA &R (Nitric oxide synthase NOS) % 1 i
51, INOS RESS A AR IEA B NO., COX-2 thjE KOA ¥5f il 4
I SN Y DG SAR N, BB F, LA 1 ) — B R IE A BT PGE2, 5
NO fHRER, 2 iF MMP & BURUBE B, 400 ) 1B 2 0T 2 i
--Collagen IT FIEE 1R ME Y 7= A2, 5 S 50CE IR T, iR
PGE2 il NO Fik /K- FHIESE A] HELE KOA & JR e ZE 4 i
COX-2 Fil INOS ) ZiA 7] LA R ST B 4540, A
ST EE R IR, L148M I ] KOA /N 4 il INOS
1 COX-2 #EHKILAKN-

ARSI EE R B L148M i i I SRR ST s
LA ) PP AR 33k, UK R T R i 6 R ik
X KOA /NRECE AUk RARVERL

KATIZ BT fil & KOA &9, IR BOCT TG SRR,
KOA F8 UM 7R 2% 0 (A B AR, AT SR 51T
KT R AT MIA 41, L148M 210N e 4 T 0% BR 14
B BNAT Ry (BT B B I ) , BB 85 o 10 1 o, B 25 1
XFUIL148M T f iz KOA FHIC MM o
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A Control MIA L148M

B 0.025 1

0.02 1

0.015 1

0.01 1

0.005 4

Microvascular volume (mm?)
Microvascular number (N/mm?)

Control MIA L48M Control MIA L48M
& 4 Micro-CT M B &5
Fig.4 Micro-CT angiography analysis
Note: (A) The result of Micro-CT angiography analysis; (B) Microvascular volume; (C) Microvascular number; *P<0.05, compared with control group;

P<0.05, compared with MIA group.
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[ 5 VEGFA # Ang-1 g B M5 H7
Fig.5 The immunohistochemical detection analysis of VEGFA and Ang-1
Note: *P<0.05, **P<0.01, compared with control group; *P<0.05, #P<0.01, compared with MIA group.
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