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[ Abstract] Objective To investigate the expression and significance of hypoxia-inducible factor-la ( HIF-lat) ,
OPN, IL-1B, TNF-a, MMP-13, and NGF proteins in SD rats with knee osteoarthritis KOA induced by monosodium
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iodoacetate (MIA ). Methods SD rats (4 weeks old, 80 ~ 120 g) were randomly divided into sham operation ( Sham)
and model (KOA) groups. On day O, the rats were anesthetized with sodium pentobarbital, and 50 pL of normal saline
containing 2 mg of MIA was injected into the joint cavity of the KOA group through the infrapatellar ligament of the right
knee. In the sham group, 50 L sterile saline was injected into the knee joint cavity. SD rats were euthanized by overdosed
anesthesia on days 0, 3, 7, 10, and 14 after measuring the diameter of the right knee joint and the weight-bearing capacity.
Cartilage and synovial tissue were collected. Synovial tissues were primary cultured, and the purity and activity of fibroblast-
like synoviocytes (FLSs) were assessed, and FLSs were treated with dexamethasone. Western Blot was used to detect HIF-
la, osteopontin (OPN) , interleukin-13 (IL-18), tumor necrosis factor-a (TNF-a) , matrix metalloproteinase-13 ( MMP-
13), and nerve growth factor (NGF) proteins. Results Compared with the Sham group, HIF-la, OPN, IL-1B, and
TNF-a expression was increased at 3 days after injection of MIA into the knee cavity and showed an increasing trend. The
transverse diameter of the knee cavity in the MIA group was significantly larger than that in the Sham group on days 7 and
14 after palpation. On day 3 after injection of MIA into the knee cavity of rats, the weight bearing capacity of the right hind
limb continued to be < 26% , which was significantly lower compared with the Sham group. Primary FLSs were successfully
isolated by 0.2% type 1 collagenase digestion. After treatment of FLSs from KOA rats with dexamethasone, secretion of
HIF-1a,
OPN, IL-1B, TNF-a, MMP-13, and NGF play major roles in cartilage and synovial inflammation, cartilage degradation,

proinflammatory factors and expression of MMP-13 and NGF proteins were decreased significantly. Conclusions

matrix destruction, and joint pain. They are important targets for joint pain management, regulation of inflammatory
responses, and inhibition of cartilage degradation and matrix destruction, and the development of novel OA analgesics.

[ Keywords ]

osteoarthritis; monosodium iodoacetate; pain; osteopontin; proinflammatory factor; nerve growth

factor Conflicts of Interest: The authors declare no conflict of interest.

‘B 7 R (osteoarthritis , OA ) F2& IIfi FRK UL AY
ARV ST IR TR, R B W A
XA FEA R 65 A LI BB TR A
509 HEAF N BATA RAEFISCTT D) RETE R SF OA
FEARDT L ST R OA BUE I EVRIEIR  7EIR)T
b SRR S R BT R 25 (NSATDs ) iR Jof 2 [ e b 4 7
WL AP AE . NSAIDs R R RV Z , il 5]
B, B 597 Mo s aE L O IS R
7T O PR R B OA AT UM AL RVER
ELls A7 280 U0, B A 4, 23 i 5G9 18
R IME G 7 i e 259 A RIVE K,
YIRS S REER /N ER Y, BHET, X OA
VIR B 059 BRAIL TR 1 A EL D BHAT T OA FHOGK
S A AR B T A ST

AW SR K H M 2 8 5 8 ( monosodium
iodoacetate , MIA ) 5 5 SD K U B 215 & (knee
osteoarthritis , KOA ) , i 3 & ] MIA 73 A B 5 15 i
J50.3.7.10,14 d 196k 4 %5 7 K F-1a (hypoxia
HIF-la ), & # & A
(osteopontin, OPN) | [ 41 il 4 Z-1B ( interleukin-
1B8,1L-1B) M ¥fE IR 3L A F - ( tumor necrosis factor-
o, TNF-a) Fll it 2 A= K K F ( nerve growth factor,
NGF) #5135, [[l B, 4440 AR 55 55 1E 5 K BRI
MIA 755 KOA K BB G 57 19 TR 4 2L 21 4 FF 3

inducible factor-1a,

2 fifd ( fibroblast-like synoviocytes, FLS) , >R FH }h 2€
KA (dexamethasone , DEX) 4b P FLS, £ IL-1B |
TNF-a, % i 4 B & H -13 ( matrix
metalloproteinase-13, MMP-13) fll NGF & H & ik A8
o T8I BT MIA A [ B 5G9 B | B AR Sh
FLS 43 WA FURE T3040 A IR AR 4 R B 28 A1
TRUTH S OA SCH PR 18 70 s BRAIL I , S BIF 58
A1 OA R 259 S (it S g AR 9

1 #MR57A=E

1.1 ##
1.1. 1 SEE 30

50 H 4 JE# SPF 2% SD Mk KB, A5 80 ~
120 g, W [ Bl 2 25 B R 2 (v B B R ) DR B o BT
HNRHIFSE i 5256 sl [ SCXK (42) 2017-0025] .
SEHGHT 1, FoROGE K R AT, IR 20 ~ 26°C AT
MERE 42% ~ 62% 1% NI N PR, R R AT DARE 2 A
BFIROK , $ BR GB14925-2010 FRiEFHAT S50 3h iy
IR, B W iR R A Bl 4L 25 s K B R
B2t B A 7B 2 56 2 [ SYXK (42) 2017-0058]
AHIEGE el R B T R e 2 7 A e RS [ [ S T
AR o 52 56 3 4 b B A AR R AT, A Bl
IRy 38 28 i 2 25 s K 2 S B W 4 e o 55 B
JadttiE (AMUWEC20181430)



o E SR S YA 2023 4E 5 HAE 31 %5 S Acta Lab Anim Sci Sin, May 2023, Vol. 31, No. 5 645

112 FEFI S

MIA ( Sigma 2~ ), £ ), Z gk Rbr HIF-1a
(Abcam 24 W), v [E W), 5w BE /N BLPT OPN
(Invitrogen Ltd, 3% [ ), BT IL-18 HT K ( Cell
Signaling,%) ,ﬁ'jﬁ TNF-a EI’ITAZ'K( Cell Signaling,%
), fra kSt NGF (Abcam A H], P EFUE) ,
Pt vimentin ( Abcam 23 &), H [E F#% ) , fa i PCNA
(Abcam 2\ A, E W) , H58 BE/D BRBT B-actin
(Sigma /A 7], 3£ ), Pi e 1gG-HRP HLiA& ( Sigma 23
Al L), Pt B TgG-HRP Fiik (Sigma 23 7], EH ),
Western Blot S256 2 4t FliRF ( Bio-Rad A H], £ H) |
Western Blot JIEE¥) & GRF & ( Bio-Rad 247, £ 1) .
1.2 FHik
1.2.1 KOA R 5 FN L5 4340

FE R EBENL A P4 . TR (Sham) 4l (n =
25) MEEI(KOA)H (n = 25) , AL R BRI
UOE A T I MIA (2 mg/knee ) 35 5 KOA 5
R BRI 0 K, KR B B A RR
e, BT 20 B 2 A IO B T A ) ST I P
B 2 mg MIA AEHERK 50 pL, P ARHE KA T
50 pL KB A #Eh 7K, SD KB435 55 0 (1A
MIA BABER KIS 1 h IN) (3.7.10,14 K& A7 %
ST EHARFNRL I £ FE BB T, ORI A AR AE, D) HLAK
BRI 0 B A 2 At T - 80°C VKA, FH T ER A
FEIRKM A5 BEAEHELE S HSD KR,
1.2.2 Kl EAES

AR A AL, BFE OA KE A E M
PRI E AR AR FETEST MIA JSAY5E 0.3.7.10
F 14 K2R AR AR DN 1A (2 1] 34 A e R4S 8% 2
) 5 R B AR, PEAL SD K BUA R B
W, MR R E R T, T RO
TER(%) = (HENER/ (LREER + 45
JE ) ) x 100% .,
1.2.3 AR 5

KT HARR AR AL, & i OA KRG I ik A
FATAE R BR O KRB ST I A
MIA J& 7655 0.3 710 Fl 14 Kb R 4
JRRARE ) A, ARG AT Y2 I 1 2 il 90° I Ay
EZ KRR RS, RO 3 YOF i
HE™S
1.2.4 W RS ARIY B | T A M ) S A 3
Kol 5 hE S e

WFFE S0, v BB A M mT DA R OA 301+ T

AT FLS R HRAIZ R R R A A, i, AR
5T He RENAE T RIBR 35 11 B N7 1 SE 58y 15 m
DA 38 3547 0 TS A0 ) DA 5 3%, 3 A B A
MIA sl AEHERK 14 d J5 9 SD K BRI AR 2k 75
fRFLS Big%, FELBUNE . SD KRB , K
HZ WAL 75% LB #EATICHALEE 10 ~ 20 min, 78
TEH M T HL SD KRR MY, B lh & B
PBS “FIILE T# & TAEG T, /- AL, #5r
B IRAZEIHESR 1 mm X 1 mm X 1 mm FJHUIR,
2 10 mL JCR B 04, J R IE B 0 B IO TE,
0.2% T ZU e J ity o B A 20, #6528 25 em® B
FHME,H0.2% 1 BRFEMER 22 ~ 3 mL, 124%5%
SIS, R M A S ) 4y A, 37°C, 5%
CO, AL IELHE 4 ~ 6 h, Ryl IELH U8 i &2
AR, 10% FBS Z 1k AL, B R E B0, 35 LW,
AR FREBERRGE 1 WG, BE 25 om’® Hi3H
B, HEERFIERE 2 ~ 3 mL, RiR R
R, (T B AR R 51 0 A, 37°C,5% CO, B
FRAARG IR UG B AL 20, B K S A0 L o o 1S 5L, 565 2
K] AR AR 2 ~ 3 d 33 1 vk, T4
SRR S % B 4 B S 15 S e TR L IR 2 WA SD
RS B £ 4 Vb 5S40 B ¢ JRE A5 AU 2 37 I R
TEAHTY
1.2.5 RANIEIR FLS f 1 ZE AN b BE

TR AE AT OA LB R PR (b i T2
FOE HORBFFERHASS FLS $E4 740 R SR W I
T S8R R, R 46 T 98% 1 5 AR
SD KL KOA I FLS , #4541 M B0)H 3 2 A2 T 4 %
10*, FHHZRAL 0. 2 mL #2502 18 1 /NE (Millicell®
EZISLIDE) , £ 38 12 ~ 24 h, 3L/4% 3 41. MIA - Fil
DEX- MIA +F1 DEX- MIA +H1 DEX + ,%40 5 1L,
fiff DEX KHEEH 10 wmol/L, TERGFRA IS 24 h
J& R R (0. 25% ) TH4k FLS 2 ~ 5 min, 2B
R 10% M6 48 103 |, W AE 4 i, b F-80°C , ¢ H
R ARV 37y alll 8
1.2.6 HEEBRELE 0T

R SRR T 14 35 1 0 B b o A7 ik b AT
FELE AT DR A E B AR, R
Jei, 8t b T FE AR R 4 (sodium dodecyl sulfate,
SDS) -5 TN J Bk iz BE B¢ L 3K ( polyacrylamide gel
electrophoresis , PAGE ) X &8 FFE S b4 T HL UK 05,
FH56 8 21 Al 1R 2T 4k 2 (nitrocellulose, NC) I I, 4R
J5 % NC S R8I —Hife 4C TR F L. O£ %



646

o [ S0 Bh 2 2023 4F 5 A 2R

531 &5 5 W Acta Lab Anim Sci Sin, May 2023, Vol. 31, No. 5

BEfe bt HIF-1o (1:1000) ; @58 B/ BT OPN
(1:1000) ; @Z FLERPL IL-18(1:1000) ; DX 5
BT TNF-a( 1:1000) ; ®Z FLFE R4t MMP-13 41
f&(1:1000) ; @ 5iRERPT NGF HTIK (1:1000) ;
@ FERE/ NPT B-actin(1:10000) . FJ&, FH TPBS
THYE NC B, I 5 R X R A SRR 0t 4 1L B
(horseradish peroxidase, HRP ) 4% & ) — HT — i 0%

o TR & R A NC BEHEA T T A4k, Il
ﬁH@%é}ffﬂzﬁéﬁﬁEﬂﬂl@% T A I A A
m Y B-actin 35 H PABRUE H ) 8 H & 5 AL
TERLEE
1.3 FitFELH

JITA SE I B R YA + bRifE2E (x + s)
FOR, A T bR EE S AT IE A A R VAL £F A
oA 0 A *ﬁ@ﬁﬂé%*ﬂﬁziﬂtéﬂ%u*ﬁﬂ

A
HIFIa%’»@‘——-- - -
- s
OPN TR — e ——  — —
R TUIETL R —————
1 TR "
3 10- Sham group * %
B2 o] mem B4
H 2 g KOA group
i
%= 7T
w3 67
B 59
25 4
B 34
] i
"—-
14
MIAZE S 5 B T1(d)
Time after MIA injection (d)
10
] BRFEARHA * %
9 Sham group
8 290 41
@& 74 KOA group
@ 2 64
Er -E 54
®Z
3 4
34
24
]-
14

MIAZESH G I i (d)
Time after MIA injection (d)

A SD K BUESETT I 4 HIF-o F1 OPN 8 H A% Western Blot; B;SD K RBESETTHR
NS B FERAA—; SEFARAMLL, *

1) Western Blot; Kzl 4845 1Y FR 40 6 2 (480

HZ 2251 B E e, I ER T 2204 (ANOVA)

ITERT—AE éﬂ@/\ BRI, P < 0.05
hESBAGIEE X

2 HFR

2.1 MIA FANKRBEXT,HIF-1a 71 OPN £ H

S5FARA L, KB B EA MIA 3d
S B A A B4 2 HIF-1o AT OPN 2B & 05
AWHE IS (E 1) .
2.2 MIAFEANKRBEXT,IL-1B #1 TNF-a & H
RRIET

BT ARA e, MIA AT A 3 Kk, 5Kk

B YA R 2 20 TL-18 1 TNF-o 280 75 3k (I
K 2A,2B).
B
HIF-1g = o G o G — D — —
OPN | e oes e — - - - —— -
Bractil ———— —— —— ——
6 BF AR
Sham group
L]
KOA group

BEAWNED

LAY

% 3k
j ]
10 14
MIAVE S} i i (d)
Time after MIA injection (d)

9
{BeFARA
84 Sham group
3]
2
z 4
(@]

%k
* 3k
74 B
6 = KoA group
5_
3_
2-
"_i
14

MIAVESS J5 B[ (d)
Time after MIA injection (d)

ZH 2 HIF-1a F11 OPN A9%E 183K
P <0.01, (TEIF)

B 1 MIA X REESES o HIF-1o Fl OPN S (2 = s,n = 5)

Note. A. Western Blot assay of the protein expression of HIF-1at and OPN in the synovial tissue of SD rat knee joints. B. Western Blot assay of

the protein expression of HIF-lao and OPN in SD rat knee cartilage tissue. The integrated optical density value of the detection index is

corrected by the internal reference index, normalized by sham. Compared with sham group,

" P < 0.01. (The same in the following figures)

Figure 1 Effects of MIA on HIF-la and OPN in rat knee joints(x + s,n = 5)
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Note. A. Western Blot analysis of the protein expression of IL-1B and TNF-a in the synovial tissue of SD rat knee joint. B. Western Blot analysis of

the protein expression of IL-13 and TNF-a in SD rat knee cartilage tissue. The integrated optical density value of the detection index is corrected by

the internal reference index, normalized by sham.

Figure 2 Effect of MIA on IL-1B and TNF-« in rat knee joint(x £ s,n = 5)
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Note. A. The transverse diameter of the right knee joint was measured with a vernier caliper. B. Changes in the weight-bearing ratio of left and right

hindlimbs of rats after MIA injection. C. Western Blot assay to analyze the protein expression of NGF in the synovial tissue of SD rat knee joints. D.

Western Blot assay to analyze the protein expression of NGF in SD rat knee cartilage tissue. The integrated optical density value of the detection index

is corrected by the internal reference index, normalized by sham. Compared with sham group, * P < 0.05, ™ P < 0.01. ( The same in the following

figures)

Figure 3  Effects of MIA on the transverse diameter of the knee joint, weight-bearing capacity of hind limbs and NGF

inrats (x £s,n = 5)
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Note. A. Before the first passage on the 6th day of synovial cell cultur. B. Synovial cells cultured to the third generation. C. Synovial cells cultured to
the 8th generation. D ~ F. Synovial cells were cultured to the third generation for vimentin fluorescence chemical identification. G ~ M. Seventh
generation synovial cell EAU proliferation experiment. N. Western Blot results of PCNA protein of ST and primary cultured FLS (3™ ~ 8™ generation) .

0. The relative content of PCNA protein in ST and cells of each generation. Single factor analysis of variance between groups, F (4 5y = 45.936, P
< 0.001. Compared with the third generation cells, only the eighth generation cells had significantly decreased PCNA protein expression.

Figure 4 Primary culture, purity and proliferation of knee joint FLS of OA rats
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Figure 5 Western Blot was used to detect the expression of proinflammatory factors, MMP-13 and NGF protein in FLS cells

after DEX intervention(x + s,n = 5)
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