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Effects of macrophage with Wnt5a over-expression on inflammation and chondrogenic differentiation in co-culture
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ABSTRACT Objective : To construct and compare macrophage by gene modification of Wnt5a which co-cultured by human
bone marrow-derived mesenchymal stem cells (MSCs) with two dimension (2D ) and bone marrow aspirates in vitr transwell , in
order to investigate the effect of WntSa signaling on cartilage homeostasis through regulation of macrophage pro-inflammatory
responses. Methods: Macrophages, MSCs and bone marrow aspirates specimens were extracted from 6 patients with severe
knee deformities undergoing total knee arthroplasty (2 males,4 females,aged from 58 to 71 years old) from September 2015 to
December 2018. The synovial tissues of knee joints were exposed to type Il collagenase and obtained single cell suspensions,
and the purity of macrophages was determined by Ficoll gradient centrifugation and anti-CD14 antibody flow cytometry. The
macrophages were transduced with IFN—y combined with TNF-a for 48 h,and rAAV-lacZ or Wnt5a transfected for 24 h, then
co-cultured model by human bone marrow-derived mesenchymal stem cells (MSCs) with two dimension (2D ) and bone marrow
aspirates in vitr transwell. HE staining, toluidine blue staining, X-gal staining and anti-Wnt5a,anti— Il ,X collagen immuno-

histochemical staining and enzyme-linked immunosorbent assay were applied to detect cell morphology and proliferation (cel-
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lularity) , viral transfection efficiency respectively. Results: Results of anti-CD68 immunohistochemistry showed macrophage of

patients with osteoarthritis increased obviously. Anti—CD 14 flow cytometry confirmed that percentage of isolated synovial

macrophages was 90.31%. The level of monocyte chemotactic protein—1 in supernatants was significantly increased after stim-

ulation with IFN—y and TNF-a, indicating that the macrophages were activated and at proinflammatory condition. After trans-

duction with rAAV-lacZ for 3 days,X—gal staining indicated that lacZ gene transfer could efficiently transduce the activated

macrophages with the efficiency over 97.50% for at least 21 days. After ?transfection macrophages by rAAV-Wnt5a stimulated

expression of Wnt5a,and enhanced expression of WntSa between two models and inhibited the secretion of MCP—1. The ex-

pression of MCP-1 in WntSa group was 14.76 and 61.51 pg/ml respectively. In addition,rAAV -Wnt5a gene transfer could

promote cell proliferation,chondrogenic differentiation and cartilage matrix synthesis. Conclusion:Under the condition of

macrophage and MSCs 2D monolayer or aspirates transwell co-culture ,rAAV-mediated over-expression of Wnt5a could promote

maintenance of cartilage homeostasis and chondrogenic differentiation of MSCs via macrophage inflammatory response,

macrophages may affect cartilage homeostasis and MSCs chondrogenesis through Wnt5a signaling pathway.
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B0 10 min, R RS L, 0.4% & W3 10 % 1k 1L
20 M TE BOAR TE B4 R S R R AN VR 3
1 x10%ml, DL 3 ml/RpfLEEFP 5] 6 fLAR 1,24 h J5 4
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1.5 g NEBER R SRR

Vg T B 3 it 46 A R i R BB 6 TR A R AL
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AT AR Z SRR REIRESH
100 mg/ml 8 Z (1) LB A b aEF7 0 16 , -t & T
37 CHERI e, MEEPHME e e . 7E BRI & Ad 5 Al
Ad 8 BT, 1] 70%~80% 4 K- Gl 4 1) 293 T 4 Jifd
A bR 28 558 19 pACP L 47 5% 0% .24 h J5 1K
5 rAAV K 1 1 ORLEE W ; A -80 °C (37 C4%
1 min J2 & ZEb 4 ¥, 10 000 r/min #2538 550159
BRI, E T80 C, & Mo REER ikt
5% rAAV-lacZ BAK 5, >R FH P 5o i 15 57 sk
Y34 32 (TCID 50 )30 7 5 75 1 B

1.6.2 EWEAMEGfbs rAAV Bt s M
HE3HE 9 97 2=, A 10 ng/ml IFN—y B4 10 ng/ml
TNF-o #ill 33 138 B g 40 e 48 h, ELISA 35400 |3
WP MCP-1 /K F; B J5 , F 8 rAAV -lacZ 5§
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Proksch % * Iz 38 1Y L 55 357 Uy i B 16 L 19 4 rAAV
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Fig.1 Schematic diagram of experimental design 1a. Ac-
tivated rAAV-modified macrophages (upper layer) and hM-
SCs 2D monolayer adherent (lower layer) were co-cultured
1b. Activated rAAV-modified macrophages (upper layer)
and bone marrow aspirates (lower layer) were co-cultured

through the transwell chamber
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TEA 2SR R B B fISCAE 1Y 0 240
Bi g% 24 h J5 , A0 NG RE A K, HLH B
2R o &G W RETE 4y 85 4T Ficoll
W b ek, SR $T CD14
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T AN AR & B W AN 46 R 90.31% , 15 315 2k
ST T E SR MCP-1 %8 i 15 1k 19 46 1 B w4
Ji 43 W, B 5, ¥ IFN—y F1 TNF—a [F] I A0 A 2 F iR
4l Ak i W 0 15 5 1R R f, 24 h S5 ELISA K |
THE I, MCP-1 7K -0 B4l (Jo i .48 1k ) B 2
Thim, B B A g 80 , vl I 2eitos . 51t
[ B, 5% FH T CD34 .CD45 .CD73 .CD90 #1 CD105 4t
A0 7 MSCs, it =X 20 Jfd AR A5 0 & Bl 95% L) 1 1)
MSCs £ 35 CD73.CD90 #i1 CD105, 2> F 3%f# MSCs
ik CD34 il CD45 , iE IG5 11 MSCs T4 R 47,
SRR EIR
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1.00x 10" 35 7 H50RL ; 1 ] ODago 15 147905 5 B YL 81 )
(MOD) Il 22 , F 1027, B 5 , ¥ rAAV -lacZ Fi
rAAV-WntSa 43 5l 5% Y i AL i B g 40 i ,3 d J5 X-
gal Ytk Bl rAAV 2R BB A AL YL B VR0 M, A 3L
Tk 97.50%V &, HZE/DFREE 21 d. R, 38 % 3
CaMK IT 45 S5 PE 3 41 5] KNO3 % rAAV 2§ 44 1 4% Y
SR TG A (B 3) .
2.4 rAAV FRAREE YL RS [R) B 5 ALY 40 il
a5 5 MCP-1 351 52 )

rAAV # R G 21 d J5  HE 4 351500 F
BT rh B BT 14 A M ESORE TN WntSa A X6 441 it
WA RE IR . 5T . AE 2D HUJZE 0 BE

EH

HRTR

H&E

B2 ERSE LW R IE HE BT CD68 Hi ik 47T Wnt Sa H /& 4 (4 (x20)
Fig.2 HE,anti—-CD68 antibody ,anti—Wnt 5a antibody between normal and osteoarthritic

knee joint(x20)
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BRI lacZ 41 hMSCs RO 4IML% B Ry 15.75 4~/ pm?,
lacZ+KN93 #2H .Wnt5a 2H .Wnt5a +KN93 2H 43 5] i
17.25.37.75 .17.5 /~/pm?®, WntSa 538 55 35 J5 40 i 4
B RE 1 B MG A 45 R ) o L4y 3 41y 2.40.2.19
F1 2.16 1% (F=42.15,P<0.05, [& 4) ; i 5 85 W s /N =
L IR MF T 10 4N 2 58 BB 0 1 DU AH 8L, Wnt5a il
PO IR 5 A0 2 B AR ) B G A L 3R 99.28 AN/’
SEWy o H 4y 3 4 1.59.1.73 F1 1.91 % (F=
99.38,P<0.05),

TR xAAV AR Yk 9 AN ] B 77 A5 R
MCP-1 ik 520, 24 rAAV 4L 20 d B, 5146 G
M35 DMEM K532 58,24 h J5 ELISA 3L AU b3 W b
MCP-1 /K-, 7£ 2D B )ZNEREREARI T lacZ 2 lacZ+
KN93 4] WntSa 41 . Wnt5a+KN93 4 MCP-1 %3k 4>
Bk 19.19.25.83.,14.76 .22.77 pg/ml, Wnt5a | 3 5%
F¢ 5 4 43 i MCP-1 f8 Jy BH i 22 24l L 2558 53 5l
hH 4y 3 41 0.77.0.57 Fl 0.65 £ (F=6.78,P<
0.05);lacZ 21 .lacZ +KN93 ZH Wnt5a 20 .Wnt5a +
KNO3 2115 B8 WA 70 rp 1) MCP-1 #3543 4y 80.93
83.12.61.51 .84.26 pg/ml, 435 k34 3 41 0.76
0.74 F1 0.73 15 (F=74.67,P<0.05) .
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M9 e (5 (MSCs 2D FLZ I BE ) e Sz WntSa i i
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lacZ+KN93

X-gal

B3 X—gal Lokl 4 2 rAAV % 1A e ik 5 (x40)

A IV A AR R S5z 7 %o 5 T A 7R e ) A R o34k
s I RE I . HARCh B TR LBE AL
(RO =R 5 W O R VA T AN NN R S NN VR 2
MY PR T

TG, T RS AL R dr WntSa fE4]
o o ey 22 55, 4555350 h 2D 2 BE
Fi 7% WntSa 415 WntSa+KN93 41 it WntSa 1% )t
9 AT, 29 B R T lacZ 41 R0 lacZ + KN93 41, J5
W 2EL 18] 1) 56 ' 3 3 R 20T, KINO3 X 5 S e 3k TC I (.
(B S), FRE5 R FE I rAAV-Wni5a 5 Y i 1L
P4 5 IV 01 i 2 ) 8 S WniSa 1 36k, o T 9k K
HEA RS FRR R gl 5 /N2 (1) MSCs 2D FRLZ G BE
FE VT BRI, B WntSa Fik TH &, 1l KN93 %) WntS5a
235 TC B S BRI o LUK, B Rl VRS 8 o 1 R i
W CE AL URR IR Y A0 1 45 Rl clacZ 4 JacZ+KN93
ZH Wnt5a 4 Wnt5a+KN93 4H 2 & & 4 B K Ik
25.21.5.38.5.22, Wnt5a 4043 5 b Hidx 3 4 1.54,
1.79 F1 1.75 5 (F=5.05,P<0.05, [ 6) . 5ut[E ;i
IT i X7 g S G e AL U (6 i 25 AN T < 2D B2
RERLR WntSa 41t 11 92 608 B e &, B ool F
A3 UL, JE AL 9 e i FE IR B2, 2B WntSa fE
S AR R sk, AR, KN93 #1411 2 fis J Ay
ik (K 5), lacZ 4 JacZ+KN93 41 .Wnt5a 41
Wnt5a+KNO3 21 5 & B AL o 11 789 Jig I 2 35 43 31 ok
64.5.60.0.,93.5.66.5, X i Jigg J5i 5% 35 2F 5 12 4 B 4 il
5 19.0.20.0.61.5.22.0, Wnt5a 41 [ % . X 7 ji Ji7 3¢
54 B g lacZ 40 JacZ+KN93 2 F1 Wnt5a+KNO93 £

Wnt5a Wnt5a+KN93

Fig.3 X-gal staining detecing rAAC vector transfection among different groups (x40)
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Wnt5a+KN93

:
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Fig.4 HE staining detecting MSCs monolayer cultured after rAAV vector transfection among different groups(x40)
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N BN d/ER RN

Pt WntSa di ik

Wnt5a+KN93
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B 5 WOLIR AR T WA AT T BB HUARFIHT Wit Sa kA2 1k (x60)

Fig.5 Changes of anti—collagen II antibody and anti Wnt 5a among different groups under laser scanning confocal microscope (x60)
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Fig.6 HE and toluidine blue staining detecting rAAV-Wnt 5a transfected marrow solution(x40)
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Fig.7 Tmmumohistochemical staining of anti—Wnt 5a antibody, anti-collagen Il antibody and anti-collagen X antibody among different groups (x40)
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